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A B S T R A C T   

Hepatocellular carcinoma (HCC) is one of the most prevalent and common malignant tumors 
worldwide, accounting for 85–90 % of primary liver cancer cases. Accumulating evidence shows 
that long non-coding RNAs (LncRNAs) play regulatory roles in HCC occurrence and progression. 
However, little is known about the biological role of the LncRNA “E2F1-regulated inhibitor of cell 
death” (ERICD) in HCC. Our study revealed that ERICD is highly expressed in HCC and correlates 
with TNM staging; high ERICD levels were associated with poor patient prognoses. We revealed 
the targeting relationship between ERICD and miR-142-5p for the first time by bioinformatics 
prediction and further verified the targeting relationship between ERICD and miR-142-5p using a 
luciferase reporting experiment. In summary, our results showed that ERICD promotes the 
occurrence and metastasis of HCC by downregulating miR-142-5p expression. Our study provides 
a target for new potential therapeutic strategies for HCC.   

1. Introduction 

Hepatocellular carcinoma (HCC) is one of the most common gastrointestinal malignancies. According to the 2018 epidemiological 
statistics, the incidence and mortality rates of HCC ranked sixth and fourth worldwide [1,2]. Although substantial progress has been 
made in the treatment of HCC in recent years, such as the improvement of chemotherapy drugs and the continuous innovation of 
surgical methods, the overall prognosis of patients has not significantly improved. Most HCC patients have missed the optimal window 
for surgical treatment at the time of diagnosis, and the prognosis is very poor [3,4]. Even when surgical treatment is possible, the 
5-year survival rate is poor due to frequent recurrence, metastasis, or the development of new primary lesions. The small-molecule 
targeted drug sorafenib demonstrates low clinical efficacy in HCC patients, and the development of drug resistance is common; 
thus, this treatment only prolongs the median patient survival time by 3 months [5,6]. Therefore, understanding the specific molecular 
biological mechanisms of HCC recurrence and metastasis is required to prevent such processes and improve HCC patient survival 
outcomes. 

Long non-coding RNAs (LncRNAs) are non-coding transcripts over 200 base pairs in length generated by RNA polymerase II 
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transcription. LncRNAs interact with various molecules, including DNA, RNA, and proteins, and play a role in regulating cell processes 
such as gene transcription, mRNA translation, and intracellular protein localization and degradation [7,8]. The mechanisms by which 
LncRNAs regulate gene expression are complex. LncRNAs can directly affect gene expression by trapping or guiding chromatin 
modification and transcription mechanisms and affect mRNA splicing, nuclear–cytoplasmic shuttling, and translation [9,10]. LncRNAs 
can also regulate the expression of specific pathway proteins and post-translational modification [11,12]. Thus, there exists a regu
latory network of specific cellular pathways mediated by LncRNAs. LncRNAs demonstrate regulated, tissue-specific expression across 
different tumors. LncRNAs related to various genomic functions affecting cell cycle, proliferation, immunity, and pluripotency can also 
be directly regulated by key oncogenes or tumor suppressor genes [13–15]. 

MicroRNAs (miRNAs) are small, non-coding single-stranded RNAs, approximately 22 nucleotides in length. Over 2500 mature 
miRNAs have been identified in the human genome. MiRNAs can negatively regulate gene expression by interfering with the trans
lation or cleavage of mRNA targets [16,17]. MiRNAs are abnormally expressed in cancer and act as tumor suppressor genes or on
cogenes during carcinogenesis. MiRNAs can alter biological processes by regulating target mRNAs [18,19]. For example, miRNAs have 
been found to function as oncogenes or tumor suppressor genes regulating tumor processes, including tumor cell genesis, proliferation, 
differentiation, invasion and metastasis, metabolism, and apoptosis [20,21]. The downregulation of miR-142-5p expression in 
pancreatic cancer, lung cancer, and other malignant tumor cells has been found to cause the overexpression of downstream 
pro-oncogenes, such as phosphatidylinositol-3-kinase, thereby promoting malignant cell proliferation [22–25]. 

TROAP is a cytoplasmic protein required for microtubule cytoskeleton regulation and spindle assembly [26]. Recent studies have 
found that TROAP plays an important role in various cancers. High TROAP expression is associated with poor cancer prognosis. 
Reducing the expression of this protein in tumor cells inhibits the proliferation and metastasis of tumor cells, indicating that TROAP is 
closely related to cell proliferation [27,28]. Li et al. confirmed that TROAP helps enhance the proliferation, invasion, and metastasis of 
breast cancer cells and may be an indicator of adverse prognoses in breast cancer [29]. Jing et al. found that TROAP mRNA was 
upregulated in gastric cancer tissues and associated with poor patient survival [30]. Bioinformatics analyses have revealed that TROAP 
is specifically expressed during liver regeneration and in HCC; however, there are few studies on the role of TROAP in liver cell 
proliferation and its underlying regulatory mechanisms. 

At present, there are few studies on LncRNA ERICD in tumors, we focused on the role of the LncRNA “E2F1-regulated inhibitor of 
cell death” (ERICD) in HCC development. We verified the mechanism by which the LncRNA ERICD/miR-142-5p/TROAP axis plays a 
role in the degree of HCC malignancy using clinical samples, cells, and animals, providing a new theoretical basis for the prevention 
and treatment of HCC in clinical practice. 

2. Materials and methods 

2.1. Tissue specimens 

HCC and adjacent (>5 cm from the tumor) tissues were collected from 15 HCC patients at the First Affiliated Hospital of Wenzhou 
Medical University. The Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University (KY2022-R200) reviewed the 
collected samples. None of the 15 patients received preoperative targeted drug therapy or chemoradiotherapy. The patients provided 
informed consent for the use of their tissue samples, and the hospital Institutional Review Board approved the study. The collected 
samples were stored frozen in liquid nitrogen. 

2.2. Cell lines and cell culture 

The HCC cell lines HepG2 and Huh7 and the human embryonic renal epithelial cell line 293T were purchased from the Shanghai 
Cell Bank of the Chinese Academy of Science; the human normal liver epithelial cell line THLE-3 was purchased from American Type 
Culture Collection (ATCC, USA). The above cell lines were cultured in Dulbecco’s Modified Eagle Medium (DMEM) containing 10 % 
fetal bovine serum (FBS) in an incubator at 37 ◦C with 5 % CO2. All cell lines were confirmed to be mycoplasma free before the 
experiment and were identified using short tandem repeat (STR) analysis. 

2.3. qRT-PCR 

First, TRIzol was added to the collected cells or tissues; the samples were then mixed well, divided into aliquots, and placed on ice 
for 5 min. Two hundred microliters of chloroform was added to each sample. The samples were then vortexed for 10 s and incubated at 
room temperature for 5 min. After centrifugation at 12,000 rpm per minute for 20 min at 4 ◦C, 500 μL supernatant was transferred to a 
new centrifuge tube and 500 μL isopropanol was added. The tube was gently mixed by inverting and incubated for 10 min at room 
temperature. The tubes were then centrifuged for 15 min under the abovementioned conditions. The supernatant was discarded, and 
the pellet was washed with 75 % ethanol and resuspended in 20 μL DEPC-treated water. The RNA concentration was then determined 
using a NanoDrop 8000 spectrophotometer based on the intrinsic absorption properties of nucleic acids (DNA and RNA) at 260 nm. To 
obtain cDNA, 1 μg RNA was added to an RNAase-free centrifuge tube, gDNA Wiper Mix solution was added to remove genomic DNA, 
and 1 μL reverse transcription polymerase was added. The reverse-transcribed cDNA was used for quantitative PCR as per the SYBR 
Premix Ex Taq (Perfect Real-Time) quantitative kit directions. The total volume of the miR-142-5p PCR was 10 μL, including 1 μL cDNA 
template, 5 μL SYBR Green Mastermix, 1 μL each of the forword and reverse primers, and 2 μL double-distilled water. The reaction 
conditions were 95 ◦C for 15 s, 95 ◦C for 10 s, 60 ◦C for 40 s, and 70 ◦C for 10 s; 35 cycles were applied. The total volume of the TROAP 
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mRNA PCR was 20 μL, including 2 μL cDNA template, 1 μL each of the upstream and downstream primers, 10 μL SYBR Green Mas
termix, and 6 μL double-distilled water. The reaction conditions were 95 ◦C for 1 min followed by 30 cycles of 95 ◦C for 20 s, 62 ◦C for 
30 s, and 72 ◦C for 30 s. At the end of the amplification reaction, the melting curve was generated and the cycle threshold (CT) number 
was collected. Using U6 or GAPDH as an internal reference, the relative mRNA expression levels of miR-142-5p and TROAP were 
calculated using the 2− ΔΔCT method. Primers and their optimized annealing temperatures are listed in Table 1. 

2.4. Dual-luciferase reporter gene assay 

Luciferase activity analysis can sensitively detect the interaction of transcription factors with the promoter region of the target gene 
or miRNA with the 3′UTR of the target gene by measuring the biofluorescence released by luciferin oxidation by luciferase. LAR II, Stop 
& Glo Buffer, 50 × Stop & Glo Substrate, and 5 × PLB were equilibrated to room temperature (Promega, Madison, WI, USA). Deionized 
water was used to dilute 5 × PLB to 1 × PLB, and 50 × Stop & Glo Substrate was diluted to 1 × Stop & Glo Substrate in Stop & Glo 
Buffer. Cells were cultured in 24-well plates, and plasmids were transfected according to the Dual Luciferase Reporter Assay System 
(Promega). The cell culture medium was discarded, and the cells were washed with PBS twice. One hundred microliters of cell lysis 
buffer (1 × PLB) was added to each well in the 24-well plate, and the plate was shaken for 15 min to allow full cell lysis. Twenty 
microliters of cell lysate was transferred into a 96-well white-bottom plate (E&K Scientific EK-25075), and 100 μL of the LAR II 
substrate was added to each well, and the fluorescence value (A) was measured using a multi-function measuring instrument (Mo
lecular Devices). Then, 100 μL Stop & Glo buffer was added to the original reaction well to stop the LAR II luminescence reaction, and 
the fluorescence value (B) was determined. The ratio of A/B was used as the final relative fluorescence value. 

2.5. Transwell invasion and migration assays 

Cells in each group were transfected for 48 h and resuspended in serum-free medium, and the cell suspension density was adjusted 
to 1 × 105/mL. Two hundred microliters of cell suspension was added to the upper Transwell chamber, and 500 μL of DMEM con
taining 20 % FBS was added to the 24-well plate. The Transwell chamber was then incubated in a cell incubator at 37 ◦C with 5 % CO2 
and saturated humidity. After 16 h of culture, the Transwell chamber was removed, and the cells remaining in the upper chamber were 
gently swabbed. The cells were fixed with 4 % paraformaldehyde for 30 min, stained with 0.5 % crystal violet for 15 min, and 
photographed under an inverted phase contrast microscope. Five 400 × fields of view were randomly selected, and the number of cells 
penetrating the membrane was counted. The number of penetrating cells represented cell invasion ability. In the invasion experiment, 
matrix glue was added to the Transwell chamber. Cell images were recorded using a ZEISS microscope. 

2.6. MTT assay 

Cells with good growth status were seeded into 6-well plates, and transfection experiments were conducted at approximately 60 % 
confluency. At 48 h after transfection, the cells were digested with 0.25 % trypsin and transferred to 96-well plates at a density of 1 ×
103 cells per well. After 0, 24, 48, and 72 h of incubation, 20 μL of 5 mg/mL MTT solution was added to each well, and the plates were 
incubated at 37 ◦C for 2 h. The supernatant was removed and discarded, 200 μL of DMSO was added, and the mixture was gently 
shaken to completely dissolve the crystals. The optical density (OD) of each well at 450 nm was measured using a microplate reader. 
The OD450 value represented cell proliferation activity. 

2.7. Cell transfection 

pcDNA3.1, PCDNA3.1-TROAP, miR-142-5p mimics NC, and miR-142-5p mimics were purchased from Shanghai Fuhui Biotech
nology Co., LTD. Exponentially growing cells were seeded at 2 × 105 per well in 6-well plates and allowed to grow overnight at 37 ◦C in 
complete medium to 75 % confluency. The medium was removed after 24 h, and cells were washed three times with PBS. Lipofect
amine 2000 was used for transient transfection of cells with the corresponding vector according to the manufacturer’s directions and 
incubated in the corresponding medium at 37 ◦C with 5 % CO2. All cells were maintained in the medium for at least 24 h before 

Table 1 
Primer sequences.  

Genes  Sequence(5′-3′) Annealling temperature(◦C) 

TROAP Forward TGCAGAAACCACCGCTCAATA 57 
Reverse CCACCAATCTTTGTGATGTCTCT 55 

ERICD Forward TTTCCCAGATTTCCCGGAGC 57 
Reverse TTCGGAGGAAGTGCTGGTTC 57 

miR-142-5p Forward CAUAAAGUAGAAAGCACUACU 48 
Reverse UAGUGCUUUCUACUUUAUGUU 47 

U6 Forward AGTAGTGCTTTCUACTTTACG 50 
Reverse CAGCACCCCCGAGTAGTACAA 58 

GAPDH Forward ACCCACTCCTCCACCTTTGAC 58 
Reverse TGTTGCTGTAGCCAAATTCGTT 56  
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subsequent experiments. 

2.8. EdU assay 

Cells in the logarithmic growth phase were evenly inoculated in 24-well plates and cultured in an incubator at a constant tem
perature for 24 h so that the cell confluence reached 60 %. Then, 200 μL of 50 nM EdU working solution was added to each well and 
incubated for 2 h in an incubator at a constant temperature. The medium was then discarded, and the cells were washed two times with 
PBS buffer. Then, 4 % paraformaldehyde was added to fix the cells for 30 min, after which the fixative was discarded. Next, 2 mg/mL 
glycine solution was added to neutralize formaldehyde, and the cells were washed with PBS buffer. Under dark conditions, 200 μL 
Apollo staining reaction solution (Ruibo, Guangzhou) was added to each well, followed by incubation at room temperature for 30 min. 
An osmotic agent (PBS containing 0.5 % TritonX 100) was added to permeate the cells, followed by the addition of 1 × Hoechst33342 
reaction solution and further incubation for 30 min. Cell images were recorded using a ZEISS confocal microscope. 

2.9. Western blotting 

RIPA lysis buffer containing PMSF was added to the collected tissues and cells, and lysis was conducted for 10 min on ice to extract 
total cell protein. Protein quantification was conducted using the BCA method, 5 × SDS loading buffer was added, and the protein was 
fully denatured in a metal bath at 95 ◦C for 10 min. The denatured protein (50 μg) was separated by SDS-PAGE (80 V followed by 120 
V). After electrophoresis, the separated proteins were transferred to a PVDF membrane (constant flow of 250 mA for 90 min). The 
membranes were blocked with 5 % BSA for 2 h at room temperature. Primary antibodies were then added, and the membranes were 
incubated overnight at 4 ◦C. The next day, sheep anti-rabbit secondary antibody marked with biotin was added and the membranes 
were incubated for 1 h at room temperature. ECL luminescent reagents were added to the membranes, darkroom exposure was 
conducted, the film was developed, and ChemiScope 3300 mini software was used to analyze the images. GAPDH was used as the 
reference, and the ratio of the gray value of the electrophoretic band of the target protein to the gray value of the reference protein was 
to determine the relative expression level of the target protein. The primary antibodies were as follows:anti-TGF-β2(19999–1-P, 
Proteintech), anti-SMAD2/3(#8685, Cell Signaling Technology), anti-phospho SMAD3 (#9520, Cell Signaling Technology), and anti- 
GAPDH (#2118, Cell Signaling Technology). 

2.10. Animal studies 

The stable overexpressing LncRNA ERICD Huh7 cell lines in the logarithmic growth phase were resuspended in PBS, the cell density 
was adjusted to 3 × 107 cells/mL, and then they were rapidly injected into BALB/c nude mice (male, 4–6 weeks old, n = 3 mice in each 
group, SLAC Laboratory Animal Center) subcutaneously in the right dorsal side near the axilla. Tumor formation was monitored every 
two to three days using an intravital imaging system. Nude mice were euthanized four weeks after injection. The tumors were dissected 
and weighed. Maximum length (L) and minimum length (W) of the tumor were measured with a Vernier caliper, and the tumor volume 
was calculated as V = L × W2 × 0.5326. All animal experimental procedures were approved by the Animal Ethics Committee of the 
First Affiliated Hospital of Wenzhou Medical University. 

2.11. Statistical analysis 

The experimental data were calculated using GraphPadPrism version 6.0 (GraphPad Software, Inc.). Data were expressed as the 
mean ± standard deviation (mean ± SD), and differences between groups were analyzed using an unpaired t-test or one-way ANOVA 
followed by a Tukey test. P < 0.05 was considered statistically significant. 

3. RESULTS 

3.1. LncRNA ERICD expression is elevated in HCC 

We first analyzed LncRNA ERICD expression by bioinformatics methods to explore its role in the occurrence and development of 
HCC. We found that LncRNA ERICD expression levels were significantly increased in patients with HCC, and prognosis worsened as 
LncRNA ERICD levels increased (Fig. 1A and B). We also analyzed the collected HCC samples and found that the expression level of 
LncRNA ERICD in HCC tissues was significantly higher than that in adjacent tissues (Fig. 1C). To further verify our inference, we 
measured the expression of LncRNA ERICD in normal hepatocytes and HCC cell lines. The qRT–PCR results showed that LncRNA 
ERICD expression levels in HCC cell lines were increased compared with those in normal hepatocytes (Fig. 1D). We performed a cluster 
analysis on LncRNA ERICD co-expressed genes to predict the gene function of LncRNA ERICD. Enrichment analysis was performed 

Fig. 1. LncRNA ERICD is highly expressed in HCC. (A) Expression of LncRNA ERICD in normal tissues and HCC tissues in The Cancer Genome Atlas 
database. (B) Kaplan–Meier survival analysis of HCC patients with positive or negative LncRNA ERICD expression. (C) Analysis of LncRNA ERICD 
expression in 15 HCC tissues and adjacent paired normal liver tissue samples. (D) qRT–PCR was used to measure the expression of LncRNA ERICD in 
normal liver and HCC cells. (E) KEGG analysis of the involved cellular processes. The data are presented as the mean ± S.D. *P < 0.05, **P < 0.01. 
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using the Database for Annotation, Visualization and Integrated Discover (DAVID) online analysis tool. The Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis showed that LncRNA ERICD co-expressed genes were mainly involved in cell proliferation, 
migration, and invasion signaling pathways (Fig. 1E). All these results indicate that LncRNA ERICD promotes the occurrence and 
development of HCC. 

3.2. LncRNA ERICD promotes the proliferation, migration, and invasion of HCC 

Next, we overexpressed LncRNA ERICD plasmids in hepatocellular carcinoma cell lines HepG2 and Huh7, and MTT and EdU assay 
results showed that LncRNA ERICD promoted the proliferation of hepatocellular carcinoma cells (Fig. 2A and B). The Transwell assay 
results also showed that the migration and invasion abilities of HCC cell lines were significantly increased after LncRNA ERICD plasmid 
transfection (Fig. 2C). We also constructed a Huh7 cell line stably overexpressing LncRNA ERICD and injected the stably transformed 
cell line subcutaneously into immunodeficient mice. After 28 days, the mice were sacrificed, and the tumors were dissected and 
measured. We found that cells overexpressing LncRNA ERICD demonstrated significantly elevated tumor-forming capacities compared 
with control cells (Fig. 3A–C). Our experimental data indicate that LncRNA ERICD can promote the occurrence and development of 

Fig. 2. LncRNA ERICD promotes the proliferation, migration, and invasion of HCC. The LncRNA ERICD overexpression plasmid plvx-ERICD or 
blank plasmid plvx-Con was transfected into HepG2 and Huh7 cells. (A, B) Cell proliferation was detected with MTT (A) and EdU (B) assays. (C) A 
Transwell assay was used to detect cell migration and invasion abilities. The data are presented as the mean ± S.D. *P < 0.05, **P < 0.01. 

Fig. 3. LncRNA ERICD promotes HCC growth in vivo. Subcutaneous xenografts of Huh7 cells infected with ERICD overexpressing lentivirus or 
control lentivirus. (A) Images of the tumors from nude mice at necropsy are presented. (B, C) The average weight (B) and volume (C) of xenografted 
tumors were measured. Data are presented as the mean ± SEM. **P < 0.01. 
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HCC. 

3.3. LncRNA ERICD sponge adsorbed miR-142-5p 

To further elucidate the regulatory mechanism of LncRNA ERICD in HCC, we used TarBase v.8 and predicted that LncRNA ERICD 
could bind miR-142-5p (Fig. 4A). We further determined that LncRNA ERICD could bind miR-142-5p by a dual-luciferase assay 
(Fig. 4B). Furthermore, we measured the expression of miR-142-5p in normal hepatocytes and HCC cell lines and found that miR-142- 
5p expression was significantly downregulated in HCC cell lines compared with that in normal hepatocytes (Fig. 4C). Fluorescence in 
situ hybridization (FISH) experiments demonstrated that LncRNA ERICD and miR-142-5p co-localized in the cytoplasm of HCC cells 

Fig. 4. LncRNA ERICD sponge adsorbed miR-142-5p. (A) The binding and mutation sites of LncRNA ERICD and miR-142-5p. (B) After transfection 
of LncRNA ERICD with miR-142-5p WT and MUT luciferase reporter genes, the luciferase activity in the cells was detected by a microplate reader. 
(C) qRT–PCR was used to measure the expression of miR-142-5p in normal liver and HCC cells. (D) FISH was used to verify the co-localization of 
LncRNA ERICD and miR-142-5p. Data are presented as the mean ± SEM. **P < 0.01. 
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Fig. 5. miR-142-5p inhibits proliferation, migration, and invasion of HCC cells. HepG2 and Huh7 cells were transduced with the miR-142-5p mimic 
NC or miR-142-5p mimics. (A, B) Cell proliferation was detected with MTT (A) and EdU (B) assays. (C) A Transwell assay was used to detect cell 
migration and invasion abilities. The data are presented as the mean ± S.D. *P < 0.05, **P < 0.01. 
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(Fig. 4D). We transfected miR-142-5p mimics into hepatocellular carcinoma cell lines and found that the proliferation, migration, and 
invasion capacities of the cells were significantly reduced after the transfection of miR-142-5p mimics compared with those of the 
blank group (Fig. 5A–C). 

Fig. 6. miR-142-5p directly binds to the TROAP 3′-UTR. (A) The potential binding sites of miR-142-5p and TROAP were predicted using the 
TargetScan website. (B) The binding and mutation sites of miR-142-5p and TROAP 3′UTR. (C) After transfection of miR-142-5p and TROAP 3′UTR 
WT and MUT luciferase reporter genes, the luciferase activity in the cells was detected by a microplate reader. The data are presented as the mean ±
S.D. *P < 0.05, **P < 0.01. 
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Fig. 7. TROAP is highly expressed in HCC. (A, B) Analysis of TROAP expression in 15 HCC tissues and adjacent paired normal liver tissue samples. 
(C) qRT–PCR was used to measure the mRNA expression of TROAP in normal liver and HCC cells. (D) Expression of TROAP in normal and HCC 
tissues from the TCGA database. (E) Kaplan–Meier survival analysis of HCC patients with positive or negative TROAP expression. The data are 
presented as the mean ± S.D. *P < 0.05, **P < 0.01. 
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3.4. miR-142-5p directly binds to the TROAP 3′-UTR 

TROAP was identified as a potential downstream target of miR-142-5p by TargetScan analysis (Fig. 6A). The potential binding sites 
of miR-142-5p and TROAP were predicted using the TargetScan website (Fig. 6B). The luciferase reporter gene assay showed that miR- 
142-5p significantly decreased the luciferase activity of TROAP 3′UTR-WT but had no effect on that of TROAP 3′UTR-MUT (Fig. 6C). 
We also conducted immunohistochemical analysis and scoring of HCC tissues, and the scoring results showed that TROAP expression 
was significantly upregulated in HCC tissues (Fig. 7A and B). TROAP expression was also significantly upregulated in hepatocellular 
carcinoma cells compared with that in normal hepatocytes (Fig. 7C). Bioinformatics analyses confirmed that TROAP expression was 
significantly increased in HCC patient samples, and patients with high TROAP expression had a poor prognosis (Fig. 7D and E). The 
proliferation, migration, and invasion abilities of HCC cells transfected with a TROAP overexpression plasmid were also significantly 
increased (Fig. 8A–C). 

3.5. LncRNA ERICD regulates the TGF β pathway through the miR-142-5p/TROAP axis 

Through the enrichment of the TROAP signaling pathway, we found that TROAP could regulate the TGF β pathway (Fig. 9A). The 
expression of TGF β2 was significantly increased when TROAP was overexpressed in HCC cell lines, (Fig. 9B). The western blotting 
results also showed that TGF β and downstream SMAD3 phosphorylation levels were significantly increased (Fig. 9C). 

4. Discussion 

Primary HCC is responsible for ~200,000 deaths annually worldwide. Each year, ~500,000 people are diagnosed with hepatic 
cancer, of which HCC accounts for over 90 %. HCC is the most common type of primary liver cancer. HCC patient survival depends on 
the disease severity [31]. Lobectomy can be performed for early HCC, and postoperative interventional chemotherapy, microwave 
ablation, and other local treatments can be used to prevent local recurrence and distant metastasis. If advanced HCC is not promptly 
controlled, the treatment efficiency and patient survival times are seriously diminished. Tumor invasion, metastatic dissemination, 
recurrence, and drug resistance have been identified as major causes of poor clinical outcomes in HCC patients [32]. Therefore, it is 
urgent to find new therapeutic targets for HCC. 

In recent years, LncRNAs have become a focus of cancer-related research. There is considerable evidence that LncRNAs regulate 
cancer cell migration, proliferation, and apoptosis. In addition, miRNAs are increasingly found to be associated with various tumor 
processes, including tumor initiation, progression, and metastasis. Next-generation sequencing is a breakthrough technology that has 
redefined the landscape of human molecular genetic testing [10]. Bioinformatics is a novel interdisciplinary approach that develops 
and utilizes modern computational tools to analyze and interpret high-dimensional biological data. Next-generation sequencing 
technologies have revealed many disease-related genetic changes, and bioinformatics has become an important component of clinical 
disease research [33]. We found that LncRNA ERICD, upregulated in HCC, is closely associated with clinical survival prognosis. We 
first transfected ERICD overexpression plasmids into HCC cell lines HepG2 and Huh7 and found that overexpression of ERICD was 
followed by the downregulation of miR-142-5p and upregulation of TROAP. RNA was extracted from 15 HCC tissue samples, and our 
analysis revealed that ERICD and TROAP were highly expressed and positively correlated in HCC tissues. We verified the regulatory 
effect of ERICD on miR-142-5p and TROAP by transfecting plasmids overexpressing ERICD into HepG2 and Huh7 cells. Moreover, 
miR-144-5p was found to negatively regulate TROAP by transfection with a miR-142-5p mimic. 

TROAP is necessary for spindle assembly regulation and centrosome integrity. TROAP was initially found to be closely related to 
embryo implantation, and the cellular process of embryo implantation is similar to malignant cell metastasis and invasion. Therefore, 
tumor cell invasion may share some molecular mechanisms with trophoblast invasion of maternal uterine tissue [26]. Recently, 
TROAP has been found to be involved in the proliferation, invasion, and migration of various cancers. However, there are few reports 
of TROAP in HCC and almost no literature related to its role in hepatocyte proliferation [34]. Therefore, we investigated the mech
anism by which TROAP promotes cell proliferation in the liver. In this study, TROAP was overexpressed in HepG2 and Huh7 cells, and 
the effect of TROAP overexpression on the proliferation of these cells and the underlying mechanisms were investigated. 

In summary, we explored the role and mechanism of LncRNA ERICD in regulating the invasion and migration abilities of HCC cells, 
providing new ideas and targets for HCC therapy.The disadvantage is that our clinical cases are too few, and we have not conducted a 
large number of clinical patient validation. 
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