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Abstract: Background: Although there has been a part of research that the expression of circular RNAs (circRNAs) is bound up with the occurrence, development and prognosis of multiple tumors, what roles circRNAs have in hepatocellular carcinoma (HCC) remain to be explored. Methods: Hsa_circ_0016863 showed a trend of high expression in HCC tissues by Microarray GSE97332. The expression of hsa_circ_0016863 in HCC and adjacent non-cancerous tissues was detected by qRT-PCR. The role of hsa_circ_0016863 in HCC was investigated by colony formation assay, cell proliferation assay, Transwell assay and flow cytometry. Results: Hsa_circ_0016863 exhibited a trend of high expression in HCC. Cell experiments showed that upregulated hsa_circ_0016863 promoted HCC cell proliferation, migration and invasion, whereas it inhibited cell apoptosis, while silencing hsa_circ_0016863 showed the opposite results. Conclusions: Hsa_circ_0016863 shows a trend of high expression in HCC, which may be related to the development of HCC.
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1  Introduction

Due to various reasons, such as virus infection, heavy drinking and fatty liver caused by obesity, the incidence of hepatocellular carcinoma (HCC) is increasing year by year [1]. HCC is the sixth most common cancer in the world with a high incidence. It also has a high mortality rate and ranks fourth in cancer [2,3]. Liver resection, liver transplantation, and local ablative therapies, among others, are several of the most commonly used methods to treat HCC [4]. According to the stage of HCC, patients with early-stage HCC can obtain better treatment outcomes, with 5-year survival rates as high as 75%, whereas the treatment outcomes for patients with advanced stage or those who have entered advanced stage are not very good, with 1-year survival rates less than 10 [5]. In recent years, much effort has been devoted to the study of molecular mechanisms of HCC, which in turn has led to new insights into the occurrence and development of HCC.

Circular RNAs (circRNAs) are non-coding RNAs that lack 3′-poly (A) tails and 5′-cap, which form closed circular structures by covalent bonds [6]. At present, it has been found that circRNAs has many biological functions. CircRNAs may act as sponges for microRNAs (miRNAs), for example, circZNF566 promotes HCC progression by sponging miR-4738-3p [7]. CircRNA-5692 adsorbs miR-328-5p to decrease its expression, which in turn enhances the expression of DAB2IP, ultimately inhibiting HCC development [8]. CircRNAs can directly bind to proteins, for example, circRHOT1, which is upregulated in HCC, can initiate NR2F6 by recruiting TIP60, resulting in the inhibition of HCC development and progression [9]. In addition, circRNAs were also found to translate proteins, and circβ-catenin, whose expression levels were obviously up-regulated in HCC, could encode a novel protein β-catenin-370aa. The protein activates the Wnt/β-catenin pathway, which promotes cancer development [10]. There have been numerous studies showing that circRNAs are associated with multiple diseases, including tumors, and the role of circRNAs in HCC needs further exploration, thereby providing ideas for treatment.

Here, we screened a novel circRNA, hsa_circ_0016863, in Microarray GSE97332. Hsa_circ_0016863 was obviously up-regulated in HCC. Upon overexpression of hsa_circ_0016863, the ability of HCC cells to proliferate, migrate and invade increases and apoptosis decreases, suggesting that hsa_circ_0016863 may contribute to HCC development.

2  Methods and Materials

2.1 Collection of Tissue Samples

50 pairs of HCC specimens were gathered in the Affiliated Hospital of Nantong University from January 2018 to December 2019. All patients did not receive any treatment preoperatively. After the tissues were removed during surgery, they were immediately snap frozen and later stored in a −80°C freezer. This study was approved by the ethics committee of the Affiliated Hospital of Nantong University. All participating patients gave written informed consent.

2.2 Cell Culture

Cell lines required for experiments, including normal liver cell line LO2 and HCC cell lines (BEL-7404, HCCLM3, SMMC-7721, SK-Hep1 and MHCC-97H) were purchased from the Cell Resources Center of the Chinese Academy of Science. Cells were grown in DMEM containing 10% FBS and 1% penicillin-streptomycin and placed in an incubator at 37°C and 5% CO2.

2.3 Total RNA Extraction and qRT-PCR Analysis

Total RNA was extracted from tissues and cells using reagents such as Trizol (Thermo Fisher Scientific, USA), chloroform, isopropyl alcohol and 75% ethanol. The resulting RNA is then reverse transcribed into cDNA. Samples were loaded on ice in the dark and qRT-PCR was performed using a Roche LightCycler 480 (Roche, Germany). 18S rRNA served as an internal reference. Primer sequence as shown in Table 1.
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2.4 RNase R Treatment

Total RNA (10 μg) was incubated with 3–4 U/μg RNase R for 45 min at 37°C. Then, the RNA expression levels of 18sRNA and hsa_circ_0016863 were detected by qRT-PCR.

2.5 Cell Transfection

HCC cell lines were plated in 6 or 12 well plates, and cell transfection was performed when the cell amount reached 60% to 80%. Overexpression plasmid (ov) of hsa_circ_0016863 and its corresponding negative control (nc), interference plasmid (sh-circ) and its corresponding negative control (sh-NC) were fully mixed with Lipofectamine 3000 in serum-free medium. The mixture was transferred to the cells after standing for 20 min and allowed to distribute evenly with gentle shaking. The cells were put into an incubator and 6h later changed to complete medium containing 10% FBS. QRT-PCR was performed to determine transfection efficiency and cell function experiments after continuing the incubation for 24–72 h. ShRNA sequences of targrt genes as shown in Table 2.
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2.6 Colony Formation Assay

The transfected cells with good growth trend were cultured in 6 well plates at a certain density, and the medium was carefully changed around one week. After approximately 2 weeks of incubation in the incubator, then stop the culture. After fixation with 4% paraformaldehyde, the cells were stained with crystal violet, and finally the cell clone rate was calculated.

2.7 Cell Proliferation Assay

A certain number of cells transfected with shRNA or overexpressed vectors were implanted into 96 well plates. Then add 10 μl cck-8 reagent (Dojindo, Japan) to each well at 24, 48, 72, 96, 120 h, respectively. After incubation for 2 h, the OD value of each well was determined at the wavelength of 450 nm.

2.8 Transwell Assay

The upper chamber of Transwell with Matrigel added was used for invasion experiments, while the upper chamber without Matrigel was used for migration experiments. Cells were inoculated into the upper compartment, followed by another 500 ml of DMEM without serum, and DMEM with 10% serum was added in the lower compartment of the Transwell. The incubation was continued for 24 h, the upper chamber was removed, and after washing, fixing, and staining, cell invasion and metastasis functions were evaluated.

2.9 Flow Cytometry Analysis

Cell cycle and apoptosis were detected with a flow cytometer (BD, USA). After 48 h of cell transfection, cells were collected and washed with PBS. The cell cycle was measured after treatment with RNase A and PI dye. Cell apoptosis was analyzed after treatment with Annexin V-Kfluor647 and PI dye.

2.10 Statistical Analysis

The data of the present experiments were analyzed using GraphPad prism version 8.0 (GraphPad Software, Inc., La Jolla, CA, USA). The t-test was used for comparison between the two groups, and P < 0.05 was considered statistically significant.

3  Results

3.1 Hsa_circ_0016863 is Overexpressed in HCC Tissues and Its Characteristics in HCC

To screen candidate circRNAs in HCC patients, we discovered that hsa_circ_0016863 was up-regulated in HCC in the GSE97332 database. We subsequently validated by qRT-PCR, demonstrating that hsa_circ_0016863 indeed exhibits a trend of high expression in 50 pairs of HCC tissues (Figs. 1a and 1b).

Hsa_circ_0016863 is composed of exon 2 to exon 8 of the COG2 gene with a span of 827nt (Fig. 1c). Then, we treated it with RNase R and observed the stability of hsa_circ_0016863. In this experiment, 18sRNA was a linear RNA and served as the control group. The qRT-PCR showed that the expression of 18sRNA after RNase R treatment decreased more obviously than that without treatment, while the relative expression decline of hsa_circ_0016863 was not obvious. This indicates that hsa_circ_0016863 is not digested by RNase R and is more stable (Fig. 1d). Next, the band recovered after qRT-PCR was Sanger sequenced, verifying the circularization site junction of hsa_circ_0016863 (Fig. 1e). The above results indicate that hsa_circ_0016863 has an intact circular structure that exists stably.
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Figure 1: Relative expression levels and properties of hsa_circ_0016863 in HCC tissues. (A, B) qRT-PCR was performed to detect the expression of hsa_circ_0016863 in 50 pairs of HCC tissues and their corresponding para-carcinoma tissues. (C) Hsa_circ_0016863 results from exon 2 to exon 8 of the COG2 gene. (D) The expression of hsa_circ_0016863 and 18s rRNA was analyzed by qRT-PCR after RNase R treatment and untreated, and hsa_circ_0016863 was found to be resistant to RNase R. (E) The results of Sanger sequencing of the qRT-PCR product of hsa_circ_0016863 showed that there is a circularization site for hsa_circ_0016863. **: P < 0.01

3.2 Hsa_circ_0016863 is Overexpressed in HCC Cells

We tested the expression of hsa_circ_0016863 in five HCC cell lines (BEL-7404, HCCLM3, SMMC-7721, SK-Hep-1, MHCC-97H) by qRT-PCR (Fig. 2a). The expression level of hsa_circ_0016863 in HCC cell lines was visibly higher than that of LO2. Among them, hsa_circ_0016863 showed markedly higher expression in HCCLM3 than the other four cells, while the expression in SMMC-7721 was the lowest. Therefore, we selected SMMC-7721 cell line for overexpression experiment and HCCLM3 cell line for interference experiment.

To understand the effect of hsa_circ_0016863 on HCC, the growth of HCC cells was observed after overexpression and interference of hsa_circ_0016863. Transfection was performed in SMMC-7721 cells with an overexpression plasmid that results in a significant increase in hsa_circ_0016863 expression levels compared to the control (Fig. 2B). Subsequently, two RNA interference vectors, sh1 and sh2, against hsa_circ_0016863 were constructed, and stable transfection of shRNAs was performed in HCCLM3 cells (Fig. 2C). Although both sh1 and sh2 can inhibit the expression of hsa_circ_0016863, the inhibitory effect of sh1 is more obvious. Therefore, we chose sh1 in the subsequent interference experiments.
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Figure 2: The expression level and transfection efficiency of hsa_circ_0016863 in HCC cells. (A) qRT-PCR was performed to detect the expression of hsa_circ_0016863 in normal liver cell lines and five HCC cell lines. (B) qRT-PCR was performed to detect the expression level of hsa_circ_0016863 after transfection of overexpression plasmid in SMMC-7721 cell line. (C) The interference efficiency of shRNA against hsa_circ_0016863 in HCCLM3 cell line was detected by qRT-PCR. *: P < 0.05, **: P < 0.01, ***: P < 0.001, ****: P < 0.0001

3.3 Hsa_circ_0016863 Promotes Proliferation and Growth Levels of HCC Cells

After transfection of overexpression plasmid and negative control plasmid in SMMC-7721 cells, CCK-8 assay, colony formation assay as well as cell cycle detection were performed. CCK-8 results showed that the proliferation activity of SMMC-7721 cells in the negative control was considerably lower than that in the overexpression groups (Fig. 3A). Results from colony formation assay revealed that the cell clonogenic rate after hsa_circ_0016863 overexpression was also higher than that of the negative control (Fig. 3C). In a cell cycle assay, we found that cells in the G0/G1 phase decreased and cells in the S + G2/M phase increased in the overexpression groups compared with the negative control (Fig. 3E).

After that, we performed transfection of interference plasmids in HCCLM3 and downregulation of hsa_circ_0016863 produced opposite effects. In cell proliferation assay and cell cloning assay, the cell proliferation activity and clonogenic rate of sh-circ treatment were lower than those of sh-NC (Figs. 3B and 3D). In cell cycle experiments, cells in G0/G1 phase increased and cells in S + G2/M phase decreased in sh-circ treated group (Fig. 3F).
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Figure 3: The proliferation and cell cycle of HCC cells were observed after transfection with overexpression plasmids and shRNA. (A, B) The proliferation of HCC cells was detected with CCK-8. (C, D) Results of colony formation assay. (E, F) Cell cycle was detected by flow technique. *: P < 0.05, **: P < 0.01, ***: P < 0.001

3.4 Hsa_circ_0016863 Promotes Migration and Invasion of HCC Cells

The effect of hsa_circ_0016863 on invasion and migration in HCC cells was investigated by Transwell experiment. The results showed that the migration and invasion abilities of HCC cells after hsa_circ_0016863 upregulation were markedly higher than those of the control group (Figs. 4A and 4C). In contrast, the experimental results obtained after sh-circ treatment revealed that the migration and invasion abilities of HCC cells were sharply attenuated (Figs. 4B and 4D). Taken together, from the transwell assay to analyze, hsa_circ_0016863 may promote metastasis of hepatoma cells with carcinogenic effect.
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Figure 4: The changes of invasion and migration of HCC cells were observed after transfection with overexpression plasmid and shRNA. (A, B) Results of cell migration experiments. (C, D) Results of cell invasion assay. **: P < 0.01, ***: P < 0.001

3.5 Hsa_circ_0016863 Inhibits Apoptosis in HCC Cells

Next, the influence relationship of hsa_circ_0016863 on HCC cell apoptosis was accomplished by flow cytometry. In the overexpression experiments, there were significantly fewer apoptotic cells in the overexpression group (Fig. 5A); while in interference experiments, the amount of apoptosis of cells after sh-circ treatment was drastically more than that of sh-NC, indicating that hsa_circ_0016863 may inhibit the apoptosis of HCC cells (Fig. 5B).
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Figure 5: Effects of hsa_circ_0016863 on apoptosis in HCC cells. (A) After the overexpression plasmids were transfected in SMMC-7721 cells, flow cytometry assay revealed that the apoptotic cells decreased. (B) Increased apoptotic cells were detected by flow cytometry after shRNA transfection in HCCLM3 cells. **: P < 0.01

3.6 Exploration of Downstream Regulatory Networks of Hsa_circ_0016863 in HCC

Next, we used bioinformatics analysis to predict the possible circRNA-miRNA-mRNA regulatory pathway of hsa_circ_0016863 in HCC. As shown in Fig. 6, six miRNAs (hsa-miR-665, hsa-miR-568, hsa-miR-643, hsa-miR-769-5p, hsa-miR-384 and hsa-miR-583) and their corresponding target mRNAs were mapped, which may provide a new direction for exploring the downstream regulatory pathways of hsa_circ_0016863 in HCC afterwards.
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Figure 6: Prediction of circRNA-miRNA-mRNA network regulatory diagram. Red represents hsa_circ_0016863; Green represents 6 miRNAs that can bind to hsa_circ_0016863; Yellow represents target genes downstream of miRNAs

4  Discussion

Up to now, massive studies have confirmed the abnormal expression of circRNAs in a variety of tumors, such as liver, lung, bladder, colorectal, breast, stomach, pancreatic, prostate, esophageal, cervical, ovarian, glioma and so on [11–15]. Currently, generous evidence has indicated that circRNAs are differentially expressed in HCC. Several circRNAs are up-regulated in HCC and related to patient prognosis, such as circUHRF1 [16], circRNA-SORE [17], hsa_circ_0082002 [18], and their high expression may promote HCC progression. There is also a portion that is down-regulated in HCC, such as circRNA-ITCH [19], circSMYD4 [20], hsa_circ_0004018 [21], thereby exerting a tumor suppressive effect. So, circRNAs not only affect the development of tumors, but also some circRNAs are associated with tumor diagnosis and prognostic factors, suggesting that circRNAs have great potential in the study of tumor mechanisms.

In this study, we picked a new molecule of circRNAs, hsa_circ_0016863, in the published Microarray GSE97332. Hsa_circ_0016863 was overexpressed in HCC tissues as verified by qRT-PCR. In cellular experiments, we discovered that knockdown of hsa_circ_0016863 impaired the propagation and metastasis of HCC cells, but also arrested cell cycle progression and increased apoptosis, whereas elevating the expression of hsa_circ_0016863 resulted in the contrary effect.

This experiment mainly studied the expression and function of hsa_circ_0016863 in HCC, and the mechanism of action of hsa_circ_0016863 in HCC remains to be further explored. A growing number of researches have indicated that there are binding sites for miRNAs in circRNAs, and miRNAs can inhibit protein production by affecting the stability of mRNAs or downregulating the translation of mRNAs [22]. Thus, circRNAs can regulate mRNA by acting as decoys for miRNAs [23]. In this study, we mapped the circRNA-miRNA-mRNA regulatory axis of HCC by bioinformatics prediction and found that hsa_circ_0016863 may interact with hsa-miR-665, hsa-miR-568, hsa-miR-643, hsa-miR-769-5p, hsa-miR-384 and hsa-miR-583. Furthermore, we found that in lung adenocarcinoma (LUAD), circ-TSPAN4 could upregulate ZEB1 by sponging miR-665, thereby promoting tumor metastasis [24]. CircPAPPA, which is lowly expressed in preeclampsia (PE) trophoblasts, can bind miR-384, thereby reducing the expression of STAT3, ultimately inhibiting trophoblast cell proliferation and invasion [25]. In acute myeloid leukemia (AML), circRAD18 acts as a sponge for miR-206, while PRKACB is a miR-206 downstream target gene. In AML, upregulated circRAD18 promotes AML progression by decreasing miR-206 and elevating PRKACB, providing a reference direction for the treatment of AML [26]. NOTCH1 has been implicated in the progression of multiple tumors. Many studies have shown that NOTCH1 is involved in the development and progression of squamous cell carcinoma [27,28]. In renal cell carcinoma (RCC), highly expressed circPDK1 promotes malignant progression of RCC cells through the circPDK1-miR-377-3P-NOTCH1 axis [29].

Therefore, we speculate that hsa_circ_0016863 can promote proliferation, metastasis and inhibit apoptosis of HCC through the circRNA-miRNA-mRNA regulatory axis. Hsa_circ_0016863 may own the function of sponge to regulate the signaling pathway of HCC cell proliferation and growth by absorbing a certain miRNA, and finally promote the progression of HCC.

5  Conclusion

Collectively, the above various experimental results imply that hsa_circ_0016863 is closely associated with the progression of HCC and has great potential in clinical applications.
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Table 1: Primer sequence table

Name of primer

Sequences

18s-F
18s-R
hsa_circ_0016863-F
hsa circ_0016863-R

5'-CGGCTACCACATCCAAGGAA-3’
5-GCTGGAATTACCGCGGCT-3'
5'-TCTCCAGGAAGATTTCGATGTC-3'
5-TGATGAGTTCGACCATGGCT-3'
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Table 2: shRNA sequences of target genes

Target genes

Sequences

sh-NC
sh-hsa_circ_0016863-1 (shl)
sh-hsa_circ 0016863-2 (sh2)

S'-GTTCTCCGAACGTGTCACGT-3'
5'-TCTCCAGGAAGATTTCGATGT-3’
5'-CATCTCCAGGAAGATTTCGAT-3'
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