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LncRNA-POIR knockdown promotes hepatocellular carcinoma sensitivity to sorafenib through upregulating miR-182-5p and inhibiting autophagy
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Abstract: Although sorafenib has been found to prolong the survival time of patients with hepatocellular carcinoma (HCC), sorafenib resistance remains an important challenge. Increasing studies have demonstrated that long noncoding RNAs (lncRNAs) contribute to drug resistance in a wide number of cancers. Human periodontal ligament stem cell (PDLSC) osteogenesis impairment-related lncRNA (POIR) is a recently defined lncRNA for which little is known regarding its function. Our study aimed to reveal the role of POIR in the development of HCC cell sorafenib resistance. The level of POIR expression in patients and tumor cells was examined by Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) assay. CCK-8, EdU, and flow cytometry assay were adopted to examine cell viability, proliferation, and apoptosis, respectively. The autophagy-associated protein expressions were determined by western blotting and autophagic flux analysis. The results of this study exhibited increased POIR in HCC tissues and cells and may be correlated with sorafenib resistance. Knockdown of POIR elevated sorafenib sensitivity by suppressing autophagy in HCC cells. Mechanically, POIR knockdown upregulated miR-182-5p, implying that miR-182-5p mediates POIR regulation. MiR-182-5p overexpression significantly enhanced chemosensitivity to sorafenib, whereas miR-182-5p inhibition had the opposite effect. The sensitization of POIR siRNA to sorafenib was abolished by co-transfection with miR-182-5p inhibitor. Our findings provide a potential target for further clinical treatment of sorafenib-resistant HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is a common malignant liver cancer with an incidence rate from 1.6 per 100,000 individuals to 4.6 per 100,000 individuals, that is rising more quickly compared to other cancers in the world (Cronin et al., 2018; Rawla et al., 2018; Siegel et al., 2019). It has been reported that approximately 71% of cases are potentially preventable due to avoidable risk factors (e.g., smoking, hepatitis B, and C viruses) (Islami et al., 2018). Despite the developments in medical technology which resulted in substantial achievements for the treatment of HCC, the five-year relative survival rate is the lowest of all the liver cancers (18%), second only to pancreatic cancer (9%) (Siegel et al., 2019; Yang et al., 2019). Sorafenib represents a Food and Drug Administration-(FDA) approved first-line drug for treating advanced HCC (Mousa, 2008). Although sorafenib therapy extends the survival time to 10.7 months, compared with the placebo group of 7.9 months, patients with advanced HCC develop a resistance to sorafenib treatment within only a few weeks (Llovet, 2007). Therefore, an understanding of the molecular mechanism associated with sorafenib resistance will be useful for HCC therapy.

Noncoding RNAs (ncRNAs), including short noncoding RNAs and long noncoding RNAs (lncRNAs), have been revealed to be involved in the tumorigenesis and development of HCC (He et al., 2019; Huang et al., 2018; Su et al., 2019). In addition, increasing evidence has shown that ncRNAs also participate in HCC drug resistance (Chen and Xia, 2019; Li et al., 2019). LncRNAs are a type of ncRNA with lengths larger than 200 nt (Wong et al., 2018). In cancer, lncRNAs play a role through a variety of mechanisms, including chromatin remodeling, chromatin interaction, and CeRNAs (Fang and Fullwood, 2016). It has been reported that many lncRNAs are abnormally expressed in HCC and are associated with tumor progression and resistance (Wei et al., 2019). For example, lncRNA HOXA11‑AS has been illustrated to promote HCC progression via sponging miR‑506‑3p as a ceRNA (Liu et al., 2020). In addition, lncRNA CRNDE silencing effectively reduced HCC cell chemotherapy resistance by mediating the epigenetic suppression of CELF2 and LATS2 on multiple tumor suppressor genes (Xie et al., 2020). Long noncoding RNA ZFPM2-AS1 facilitates cell invasion through regulating miR-139/GDF10 axis in HCC (He et al., 2020). In exploring the lncRNAs-related mechanism involved in sorafenib resistance, we found that ENST00000446358 expression was obviously overexpressed in HCC tissues.

Human periodontal ligament stem cell (PDLSC) osteogenesis impairment-related lncRNA (POIR, ENST00000446358) was recently found by RNA-sequencing technology (Wang et al., 2016). However, the specific impact of POIR on tumors remains limited. Recently, only Chen et al. (2021) demonstrated that knockdown of POIR sensitizes HCC cells to sorafenib by suppressing the epithelial-mesenchymal transition. Therefore, we need to further explore the effect of POIR in HCC sorafenib resistance.

Increasing evidence shows that there are many factors identified contributing to sorafenib resistance, including epigenetics, transport processes, regulated cell death, and the tumor microenvironment (Tang et al., 2020). Among them, autophagy is also thought to be an important mechanism of drug resistance. However, the relation between POIR and autophagy has not been reported. Therefore, we want to know whether POIR regulates autophagy in sorafenib resistance.

The previous study has shown that miR-182-5p is the downstream target of POIR (Wang et al., 2016). MiR-182-5p has also been shown to regulate autophagy in other diseases (Mo et al., 2021; Xie et al., 2019). However, it is not clear whether POIR regulates autophagy in HCC by regulating miR-182-5p. In this study, we found that POIR expression was obviously higher in HCC tissues and cell lines by reverse transcription‑quantitative polymerase chain reaction (RT‑qPCR) analysis. The present study also demonstrated that POIR siRNA decreased cell growth and facilitated cell apoptosis in the presence of sorafenib. Additionally, POIR siRNA markedly reversed sorafenib‑induced cell autophagy. Furthermore, POIR silencing sensitized HCC cells to sorafenib by regulating autophagy through miR-182-5p. Therefore, POIR may be employed as a candidate target for the treatment of HCC sorafenib resistance in the future.

Materials and Methods

Clinical samples

Fifty-two pairs of HCC tumor tissues and para-tumor tissues were collected from the Second Affiliated Hospital, School of Medicine, Zhejiang University. This study was approved by the Ethics Committee of the Second Affiliated Hospital, School of Medicine, Zhejiang University. Written informed consent was obtained from HCC patients who underwent surgery. Accession numbers of RNA, DNA and protein sequences used in the manuscript should be provided.

Cell culture

Huh-7, Hep3B, and SUN449 cells were provided and authenticated by ATCC (Manassas, VA, USA). Huh-7 cells were cultivated in DMEM, Hep3B cells were maintained in MEM, and SNU-449 cells were cultivated in RPMI media 1640. These media were purchased from Gibco (Gibco, Carlsbad, CA, USA). All of the cells were maintained in a medium containing 10% fetal bovine serum (FBS, Gibco), 1% penicillin and 1% streptomycin.

RNA isolation and RT‑qPCR

RNA isolation and RT‑qPCR were performed as described earlier (Chen et al., 2020). The total RNA was isolated from HCC tissue and cells using TRIzol agent. Next, the cDNA was generated using PrimeScript™ RT reagent Kit with gDNA Eraser (RR047A, Takara, Dalian, China) for lncRNA and MiR-X miRNA First-Strand Synthesis Kit (638315, Takara) for miRNA. RT‑qPCR was conducted using TB Green® Premix Ex Taq™ (RR420A, Takara) according to the specification. The relative gene expression was evaluated by the 2−ΔΔCt method (Livak and Schmittgen, 2001). GAPDH and U6 acted as the internal control, respectively. The sequences of POIR and miR-182 primers utilized in this study are listed in Table 1. Rest primers sequences were listed in Table S1.
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Cell transfection

Small interfering (si)RNA lnc POIR or scrambled siRNA was synthesized by GenePharma Company (Shanghai, China). miR-182 mimic/inhibitor or a negative mimic/inhibitor control were synthesized by Ribobio, respectively (Ribo, China). The transfection was transfected using Lipofectamine® 2000 (Invitrogen; Carlsbad, CA, USA) according to the instructions. The sequences used in this study are listed in Table 2.
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Cell cytotoxicity assay

Cytotoxicity assay was assayed using Cell Counting Kit-8 (CCK-8) (Dojindo, Japan). The CCK-8 assay was performed after the seeding of HCC cells (5,000 cells/well) in 96-well plates. Afterward, the cells were treated with 0, 1.25, 2.5, 5, 10, or 20 μM sorafenib for 48 h. The supernatant was discarded and replaced with a fresh 100 µL serum-free medium (containing 10 µL CCK-8 reagents). Absorbance was measured at 450 nm using a microplate reader (BioTek).

Western blot analysis

Western blotting was performed as previously described. Proteins were lysed in a RIPA buffer (Beyotime, China). Next, the protein concentrations were determined using a bicinchoninic acid protein assay (Beyotime). The lysed protein (40 µg) was electrophoresed with 10% SDS-PAGE and transferred to PVDF membranes (Millipore, USA), followed by incubation with 5% non-fat milk for 2 h. Subsequently, the membranes were incubated with primary antibodies specifically for LC3B (#3868S, Cell Signaling Technology, 1:1000 dilution), P62 (#88588S, CST, 1:1000 dilution), GAPDH (#2118S, CST, 1:2000) at 4°C overnight, followed by an incubation with HRP secondary antibodies (anti-mouse, #7076S; anti-Rabbit, #7074S; 1:2,000, CST) for 2 h at room temperature. The chemiluminescence intensity was evaluated using ECL reagents (Applygen, Beijing, China).

5-Ethynyl-2’-deoxyuridine (EdU) assay

Cell proliferation was analyzed by employing a Click-iTEdU Imaging kit (Invitrogen; Thermo Fisher Scientific, Inc.) as previously described. Briefly, the fixed cells were incubated with 100 µL EdU to detect the positive cells. The cells were counterstained with 100 µL Hoechst 33342 to label the nuclei. Immunofluorescence was observed with a fluorescence microscope at 200× magnification.

Autophagic flux analysis

mRFP-GFP-LC3 adenovirus was bought from Hanbio (Hanbio, China). The cells that were incubated with an mRFP-GFP-LC3 adenovirus for 24 h were exposed to sorafenib for another 24 h. Autophagic flux was observed with a fluorescent microscope (Olympus, Tokyo, Japan).

Flow cytometry assay

The apoptosis assay was performed using an Annexin V-FITC/propidium iodide (PI) apoptosis detection kit according to the user’s guide (Beyotime, Shanghai, China). The harvested cells were suspended and incubated with Annexin V and PI (1:1) in the dark. The analysis of the apoptotic cells was performed using flow cytometry (BD).

Statistical analysis

Data are presented as the mean ± SD. Statistical analyses were carried out using SPSS software (19.0 revision, IBM, Chicago, IL, USA) and GraphPad Prism (version 7; GraphPad Software, Inc.). Student’s t-test was used to calculate the two group differences, while one-way ANOVA was applied to compare the multiple group differences. P < 0.05 was considered as a statistically significant difference.

Results

POIR was significantly upregulated in HCC tissues and cells, and POIR may be associated with HCC resistance to sorafenib

To identify the effect of lncRNAs on the response of HCC cells to sorafenib, we explored the expression profiles of lncRNAs in three pairs of tumor tissues and adjacent tissues from patients with HCC using RT-qPCR (Fig. 1A). Among the 25 lncRNAs, we were interested in POIR. Furthermore, we used RT-qPCR to detect the level of POIR expression in 52 liver cancer tissues. The results showed that POIR expression in the HCC tissues was significantly higher than that in the adjacent tissues (Fig. 1B). The level of POIR expression in each of the 52 cases was shown in Fig. 1C, of which 41 cases exhibited increased POIR expression. These data suggest that POIR may be an oncogene. In addition, we detected the cytotoxicity of sorafenib in HCC cells. The IC50 of SNU449 cells (14.82 ± 0.66 μM), which exhibit mesenchymal phenotype (Xue et al., 2016), was higher than that of Huh7 (6.81 ± 0.25 μM) and Hep3B cells (9.89 ± 0.69 μM), which have epithelial phenotype (Figs. S1A–B). At the same time, we also found that POIR expression was significantly higher in HCC cells than that in the LO2 cells, with POIR expression of SNU449 being the highest, followed by Hep3B and Huh-7 (Fig. S1C). This suggests that POIR may be associated with HCC resistance to sorafenib.

POIR depletion increased sorafenib sensitivity in HCC cells

To assess the effects of POIR on HCC resistance to sorafenib, we constructed POIR siRNA to achieve POIR knockdown. The efficiency of these three HCC cells with POIR siRNA was measured by RT-qPCR (Fig. S1D). When the cells were transfected with POIR siRNA, the cell viability was dramatically inhibited in all three HCC cell lines compared with NC siRNA (NC-si) (Fig. S1E and Table S2). Compared with control, sorafenib could inhibit cell proliferation, as shown by the decrease of the EDU-positive cell ratio (Fig. 1D). POIR siRNA could enhance the inhibitory effect of sorafenib on proliferation (Fig. 1D). Moreover, POIR siRNA could further potentiate the level of cell apoptosis induced by sorafenib (Fig. 1E). Overall, these data suggest that silencing POIR promoted the sensitization of HCC cells to sorafenib.
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Figure 1: POIR was significantly upregulated in HCC tissues and may be correlated with sorafenib resistance. (A) Heat map of lncRNAs in three pairs of HCC tissues. (B and C) Relative expression of POIR in 52 pairs of HCC tissues. Among the 52 samples, 41 samples exhibited upregulated POIR. **P < 0.01. (D) The cell proliferation of HCC cells was examined by an EdU assay after treatment with sorafenib (IC50 concentrations) or sorafenib with POIR siRNA. (×200) ***P < 0.001 vs. NC, &&&P < 0.001 vs. sorafenib. (E) The apoptosis of HCC cells was determined by a flow cytometry assay following treatment with sorafenib or sorafenib with POIR siRNA. ***P < 0.001 vs. NC, &&&P < 0.001 vs. sorafenib.

Knockdown of POIR enhanced sorafenib sensitivity by inhibiting autophagy

Previous studies have linked autophagy to drug resistance in human cancers (Niu et al., 2017). Therefore, we hypothesized that autophagy contributes to POIR silencing-mediated sorafenib sensitivity. To test this hypothesis, we used 3-methyladenine (3-MA), an autophagy inhibitor. Compared with control, 3-MA treatment enhanced the sensitivity of HCC cells to sorafenib (Fig. 2A). The result indicated that autophagy is involved in sorafenib resistance. To determine whether POIR knockdown mediates sorafenib sensitivity by regulating autophagy in HCC, HCC cells were transfected with or without POIR siRNA. We performed confocal microscopy to observe the change of autophagy flux in transfected HCC cells exposed to sorafenib. The results showed that POIR silencing decreased the autophagy flux induced by sorafenib (Figs. 2B and 2C). The results of the western blot analyses were consistent with the confocal microscopy assay (Fig. 2D), indicating POIR might mediate sorafenib resistance via autophagy.
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Figure 2: POIR knockdown attenuated sorafenib-induced autophagy in HCC cells. (A) CCK-8 assay was performed to measure the relative viability of HCC cells in the absence or presence of 3-MA. (B) Representative immunostaining images of LC3 in HCC cells treated with sorafenib and POIR-knockdown. (×1000) (C) The number of GFP-LC3 puncta/cells was quantified in Huh7, Hep3B and SNU449 cells, respectively. (D) The level of P62 and LC3 I/II protein expression in POIR-knockdown HCC cells treated with sorafenib. **P < 0.01, ***P < 0.001 vs. NC, &P < 0.05, &&P < 0.01, &&&P < 0.001 vs. sorafenib.

To further investigate that POIR siRNA increased cell sensitivity to sorafenib by regulating autophagy, we used 3-MA to interfere the autophagic process. Interestingly, in the presence of 3-MA, POIR inhibition no longer influence the cell viability (Fig. 3). Therefore, our findings confirmed that inhibiting POIR increases cell sensitivity to sorafenib by regulating autophagy.
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Figure 3: POIR inhibition sensitizes HCC cells to sorafenib via autophagy. HCC cells were treated with 3-MA or 3-MA + POIR siRNA and then exposed to different concentration of sorafenib, then the cell viability was measured by the CCK-8 assay.

MiR-182-5p, as a target of POIR, can regulate sorafenib resistance

It has been reported that POIR acted as a sponge of miR-182-5p and promoted the osteogenesis of PDLSCs (Wang et al., 2016). However, whether POIR mediates sorafenib resistance by regulating miR-182-5p is unknown. Therefore, we hypothesized that POIR siRNA regulates sorafenib sensitivity in HCC by inhibiting autophagy through interacting with miR-182-5p. To further verify the above hypothesis, we first performed miRNA target site prediction using a DIANA software analysis (http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php). We found that POIR contains miR-182-5p binding sites (Fig. 4A). We also found that inhibiting POIR by POIR siRNA upregulated miR-182-5p expression in HCC cells (Fig. 4B). Next, we synthesized miR-182-5p mimic and miR-182-5p inhibitor to observe the effect of miR-182-5p on sorafenib resistance. We used CCK-8 and EDU assays to assess their effect. The results demonstrated that miR-182-5p overexpression significantly enhanced sorafenib sensitivity and suppressed cell proliferation compared with NC. Conversely, the downregulation of miR-182-5p inhibited sorafenib sensitivity and promoted the EDU-positive cell ratio (Figs. 4C–4E). The efficiency was detected by RT-qPCR (Fig. 4F).
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Figure 4: MiR-182-5p functioned as a target of POIR, and miR-182-5p could regulate the sorafenib resistance. (A) Schematic of the miR-182-5p putative target site in the POIR. (B) The effect of POIR on miR-182-5p expression was determined by qPCR. ***P < 0.001 vs. NC. (C) When the cells interfered with miR-182-5p mimic or miR-182-5p inhibitor, respectively, cell viability was measured using a CCK-8 assay in HCC cells treated with sorafenib. *P < 0.05, **P < 0.01. (D and E) The proliferation of HCC cells was examined by EdU assay following treatment with sorafenib or sorafenib combined with mir-182-5p mimic or inhibitor. (×200)***P < 0.001 vs. NC. (F) The efficiency of mir-182-5p mimic or mir-182-5p inhibitor was determined by qPCR. ***P < 0.001 vs. NC.

POIR knockdown regulated sorafenib sensitivity by miR-182-5p and autophagy in SNU449 cells

To further explore the relationship between POIR, miR-182-5p, and autophagy, SNU449 cells were co-transfected with NC siRNA, miR-182-5p inhibitor, POIR siRNA, and POIR siRNA and miR-182 inhibitor, respectively. The CCK-8 assay showed that POIR downregulation increased the sorafenib sensitivity in SNU449 cells, whereas the miR-182-5p inhibitor abolished these effects (Fig. 5A). Furthermore, flow cytometry assay revealed that miR-182-5p inhibitor reversed the effects of POIR knockdown on SNU449 cell apoptosis (Figs. 5B and 5C). Confocal microscopy and Western blot assay showed that the role of POIR siRNA on the autophagy of SNU449 cells could be reversed by a miR-182-5p inhibitor (Figs. 5D–5F). The efficiency of 449 cells with POIR siRNA, miR-182-5p mimic or miR-182-5p inhibitor was measured by RT-qPCR (Fig. 5G). These data indicate that silencing POIR enhanced sorafenib sensitivity via regulating miR-182-5p and autophagy.
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Figure 5: POIR knockdown regulated sorafenib sensitivity by miR-182-5p and autophagy in SNU449 cells. (A) Treatment with miR-182-5p inhibitor reversed the effects of POIR siRNA on SNU449 cells treated with sorafenib. *P < 0.05. (B and C) Treatment with miR-182-5p inhibitor reversed the effects of POIR siRNA on SNU449 apoptosis following sorafenib treatment. ***P < 0.001. (D–F) Treatment with miR-182-5p inhibitor rescued the effects of POIR siRNA on SNU449 autophagy under sorafenib treatment. (×1000) ***P < 0.001. (G) The expression of POIR and miR-182-5p after transfection with POIR siRNA, miR-182-5p mimic, or miR-182-5p inhibitor were determined by qPCR. ***P < 0.001.

Discussion

Sorafenib, a multi-target kinase inhibitor, can block tumor cell proliferation and angiogenesis through multiple signal pathways. Although sorafenib prolongs survival time and limits its side effects in liver cancer patients, it may also cause resistance which has become an obstacle in extending overall survival time. Several mechanisms were involved in sorafenib resistance, including EMT, autophagy, hypoxia, and epigenetic regulation. Hence, further research is essential to clarify the sorafenib resistance mechanisms involved and identify predictive biomarkers.

Recently, lncRNAs have been demonstrated to play a key role in cancer drug resistance, including HCC. For example, Gao et al. (2021) found that Lnc LEF1-AS1/miR-10a-5p enhances MSI1 expression and promotes chemoresistance in HCC by activating the AKT signaling pathway. Huang et al. (2018) revealed that LncRNA NR2F1-AS1 regulates HCC oxaliplatin resistance by targeting ABCC1 via miR-363. The study by Li et al. (2020a) revealed that downregulation of LINC00467 promoted axitinib sensitivity in HCC through the miR-509-3p/PDGFRA axis. In the current study, we found that POIR was observably upregulated in HCC patients and HCC cell lines. Subsequent loss-of-function assays showed that POIR knockdown enhanced sorafenib sensitivity, implying it is a promising strategy to treat drug resistance by targeting lncRNA. However, how can this strategy be applied to the clinic? Recently, developing effective therapies for silencing (oncogene) or overexpressing (tumor suppressor gene) ncRNA has become an attractive research field (Slack and Chinnaiyan, 2019). Antisense oligonucleotides (ASOs) with chemical modifications therapy is proposed to use to target for oncogene (Arun et al., 2018). However, its validation requires further clinical research.

Autophagy is an important cellular degradation process in which damaged proteins or organelles are encapsulated and sent to lysosomes for degradation and circulation. In cancer, autophagy plays a double-edged role. In some cases, autophagy is a protective mechanism for cancer cells exposed to multiple anticancer drugs, and inhibiting autophagy augments the effect of anti-cancer drugs on cancer cells (Choi, 2012; Doherty and Baehrecke, 2018; Yang et al., 2011). In other cases, autophagy induced by a chemotherapeutic drug is considered to be an antitumor mechanism (Sui et al., 2013). Thus, we want to know the effect of autophagy in HCC sorafenib resistance and whether POIR was involved in the regulation of tumor resistance through autophagy mechanisms. To test conjecture, we first treated the cells with 3-MA and found that 3-MA enhanced the effect of sorafenib. Secondly, sorafenib promoted autophagy, which is consistent with previous studies (Park et al., 2010). The effect of sorafenib in autophagy was reversed by POIR silencing by detecting autophagy flux and autophagy-related markers. Importantly, in the presence of 3-MA, POIR inhibition no longer influence the cell viability. These results suggest that POIR regulates tumor resistance through autophagy.

Recent evidence suggests that long non-coding RNAs participate in tumorigenesis and drug resistance by regulating microRNAs (Jiang et al., 2020; Wei et al., 2019). Similar to our results, previous studies have confirmed that POIR acts as a sponge of miR-182-5p (Wang et al., 2016). MiR-182-5p is reported to function as a putative oncogenic or tumor-suppressive factor and plays a role in various cancers (Gu et al., 2020; Li et al., 2020b; Yan et al., 2020). In this study, we found that miR-182-5p overexpression resulted in the sensitization of HCC cells to sorafenib, whereas miR-182 inhibition led to elevated sorafenib resistance of HCC cells. More importantly, we found that miR-182-5p inhibitor could reverse the decreased autophagy and increased apoptosis effect induced by POIR deficiency. Therefore, it is expected to be a valuable strategy for combination therapy of POIR with sorafenib for HCC. However, further vivo experiments and mechanism studies, such as the reasons for the high expression of POIR and how to regulate autophagy, are still needed for verification.

In conclusion, the findings from this study demonstrate that POIR functioned as an oncogene in HCC, and knockdown of POIR sensitized HCC cells to sorafenib by regulating miR-182-5p and autophagy. Thus, POIR may serve as a potential therapeutic target for HCC treatment.
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Figure S1: POIR knockdown regulated sorafenib sensitivity by miR-182-5p and autophagy in SNU449 cells.
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TABLE 1

Primers used for qRT-PCR

Genes Forward (5°-3’) Reverse (5’-3’)

Lnc-POIR  CATGTTTGTCTGAACTTCGTCTTC GTTATAATTTGGAGGGCAACTAGG
GAPDH TGTTGCCATCAATGACCCCIT CTCCACGACGTACTCAGCG
miR-182 TTTGGCAATGGTAGAACTCACACT

U6 GCTTCGGCAGCACATATACT AACGCTTCACGAATTTGCGT
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TABLE S§1

The sequence of paired primers

Primer name

Sequence (5’ to 3’)

Sequence (3’ to 5’)

Inc-C9orf78-1:1
NR_046175
Inc-EPHB2-1:1
Inc-DLEU7-8:1
ENST00000550029.1
ENST00000608314.1
Inc-CCDC74A-5:2
ENST00000457336.1
Inc-SLC45A2-2:1
Inc-BRD3-4:1
Inc-HMGN5-4:1
ENST00000420096.2
Inc-EID2B-1:1
NR_033871
ENST00000480817.1
Inc-CALY-2:1
Inc-POM121-4:1
ENST00000455791.5
MALATI1

LIMT

HI19

PTENP1

MIAT
ENST00000446358.1

ggctttggatttctggaggagtgg
aaaggtgtgccaagggacticatc

agggtaacacagccaggaaggg
ctcatgccctgttccgctaage
agatattctcaggctgctgctige
cacacctttgatggcaatgcagag
gctagtcacgctgctgtggaatag
ctcegtggctgacctgtgtttg
tgctttgccatttcccctictace
cttgatctccatgccagtggigtg
acagtattgcgggccagaca
cacggctcctgctgctttctg
aatggcacaatctcggctcactg
aggaacagtgttgtggctcatgc
agccctcaggtcctcaatggtc
ggtgaagtcctgggcaagaage
cggaggctagtctgtgggateg
ggtctcattctgtcacccaggttg
ctctceecteccttggictt
cgaatggacaatctttccttctgtc
tgagctctcaggagggaggatgg
tctgccatctctctectect
gagggaagttctgagcttgg
ctcetgttiggectgttcac

atgggactggcggtggateg
aaaggtgtgccaagggacticatc
tgagcacggtagaggagacattg
accacctgtggccctagtcaac
tgctcctggctticatgcetigtc
gatcgcctctttgeccatecttac
aagtggaggcagictcggaagg
tctgggactggctcaaggtgac

gatgccacacagagggaggttag
tctgctectagtgegtectgaag

agcagacccatcttagagttcttgt
tgatgccaaggcgattgtctictg
cagcggcaggcacctgtaatc
tgtgcctecgtttctctgtcaaag
ggagcctggagaccgagaacc
tgttggcaccacgagtcctttg
gcagcacacatgaatggcaacac
ggctgaagcaggaggatcacttg
tcccaatccccacatttaaaat
gctagaggttgaggocctgagt
ttgtcacgtccaccggacctg
acgccttcaagtctttctge
cctttcttctgggctgagac

agttgaggttgagagaggca
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TABLE S2

IC50 values of sorafenib treatment in IncRNA-POIR knockdown HCC cell lines

Cell lines NC siPOIR
Huh-7 6.83 + 0.26 3.17 + 0.34
Hep-3B 9.84 + 0.29 446 + 0.35

SNU-449 15.02 £ 0.31 6.07 + 042
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TABLE 2

Nucleotide sequences of miR-182-5p mimic and inhibitor

Names Sense Antisense

Mimic NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
Mimic UUUGGCAAUGGUAGAACUCACACU AGUGUGAGUUCUACCAUUGCCAAA
Inhibitor NC CAGUACUUUUGUGUAGUACAA

Inhibitor AGUGUGAGUUCUACCAUUGCCAAA

Note: miR: microRNA; NC: negative control.
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