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Abstract
BACKGROUND
Previous studies have suggested that long non-coding RNAs (lncRNA) TP73-AS1 is significantly upregulated in several cancers. However, the biological role and clinical significance of TP73-AS1 in pancreatic cancer (PC) remain unclear. 

AIM
To investigate the role of TP73-AS1 in the growth and metastasis of PC.

METHODS
The expression of lncRNA TP73-AS1, miR-128-3p, and GOLM1 in PC tissues and cells was detected by quantitative real-time polymerase chain reaction. The bioinformatics prediction software ENCORI was used to predict the putative binding sites of miR-128-3p. The regulatory roles of TP73-AS1 and miR-128-3p in cell proliferation, migration, and invasion abilities were verified by Cell Counting Kit-8, wound-healing, and transwell assays, as well as flow cytometry and Western blot analysis. The interactions among TP73-AS1, miR-128-3p, and GOLM1 were explored by bioinformatics prediction, luciferase assay, and Western blot. 

RESULTS
The expression of TP73-AS1 and miRNA-128-3p was dysregulated in PC tissues and cells. High TP73-AS1 expression was correlated with a poor prognosis. TP73-AS1 silencing inhibited PC cell proliferation, migration, and invasion in vitro as well as suppressed tumor growth in vivo. Mechanistically, TP73-AS1 was validated to promote PC progression through GOLM1 upregulation by competitively binding to miR-128-3p. 

CONCLUSION
Our results demonstrated that TP73-AS1 promotes PC progression by regulating the miR-128-3p/GOLM1 axis, which might provide a potential treatment strategy for patients with PC.
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Core Tip: In this study, the expression level of TP73-AS1 in pancreatic cancer (PC) was measured and its clinical significance was assessed. In vitro and in vivo experiments were performed to determine the roles of TP73-AS1 in the progression and development of PC. Moreover, the underlying molecular mechanisms were also illustrated, which could provide a novel therapeutic target for patients with PC.

INTRODUCTION
Pancreatic cancer (PC) is the fourth most frequent cause of cancer-related deaths with an extremely poor prognosis, especially in patients with advanced-stage PC [1,2]. Although standard treatments have been improved in recent years, the effectiveness of these treatments was still limited and surgical resection was the only chance to obtain curative treatment[2,3]. Hence, it is necessary to seek for new treatment to optimize therapeutic approaches.
Long non-coding RNAs (lncRNAs) are small endogenous non-coding RNAs whose lengths are larger than 200 nucleotides. LncRNAs have the capacity to regulate various biological processes such as tumor initiation, growth, metastasis, chemoresistance, and radioresistance by directly binding to partially complimentary sequences in their target genes[4-7]. Moreover, emerging evidence has revealed that lncRNAs could play crucial roles in the progression of PC[8,9]. LncRNA-BX111 was upregulated in pancreatic cancer and high BX111 expression was correlated with advance tumor-node-metastasis (TNM) stage, lymphatic invasion, and distant metastasis, as well as poor clinical prognosis in patients with PC[10]. Further investigation revealed that BX111 contributed to metastasis and progression of PC by regulating expression of ZEB1 and its downstream proteins E-cadherin and MMP2[10]. PVT1 was identified as a regulator of gemcitabine sensitivity with a genome-wide and piggyBac transposon-based genetic screening platform[11]. Therefore, lncRNAs may be new biological markers for disease diagnosis and could be taken as new drug targets, which would provide a new strategy for PC.
Dysregulation of TP73-AS1 has been identified in several human cancer types, including glioma, hepatocellular carcinoma, and non-small cell lung cancer[12-14]. However, little is known about the expression pattern and biological roles of TP73-AS1 in PC. In this study, the expression level of TP73-AS1 in PC was measured and its clinical significance was assessed. In vitro and in vivo experiments were performed to determine the roles of TP73-AS1 in the progression and development of PC. Further investigation indicated that the 3’ untranslated region (UTR) of GOLM1 harbors a functional response element for miR-128-3p. Besides, miR-128-3p-3p could abrogate TP73-AS1-mediated expression of GOLM1, which suggested that TP73-AS1 could act as a molecular sponge to decrease miR-128-3p expression, thereby resulting in partial abolition of the translational repression of its target gene GOLM1 in PC cells. Therefore, we hope that the underlying molecular mechanisms of TP73-AS1 could provide a novel therapeutic target for patients with PC.

MATERIALS AND METHODS
Clinical specimens
A total of 116 clinical PC tissues and corresponding normal tissues from surgical resection were collected at Shanghai General Hospital of Shanghai Jiao Tong University between April 2007 and July 2010. PC was diagnosed by pathological examinations. Patients were excluded if they received any treatments such as chemotherapy, radiotherapy, or molecular targeted therapy prior to surgery. All patients provided informed written consent prior to the use of these clinical materials for research purpose. This study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Shanghai First People's Hospital (No. 2014-07DF), School of Medicine, Shanghai Jiaotong University (Shanghai, China). All human tissues were immediately frozen in liquid nitrogen until being used.

Cell lines and transfection
Human PC cell lines (SW1990, PANC-1, BXPC-3, AsPc-1, and Capan-1) and human pancreatic duct epithelial cell line (H6C7) were obtained from the Shanghai Cell Bank of Chinese Academy of Sciences (Shanghai, China). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Invitrogen, Carlsbad, CA, United States) supplemented with 10% fatal bovine serum (FBS, Invitrogen), 100 U/mL penicillin, and 100 μg/mL streptomycin (Hyclone, South Logan, UT, United States) in a humidified incubator (5% CO2) at 37 °C. Small interfering RNAs (siRNAs) targeting TP73-AS1 (si-TP73-AS1#1, si-TP73-AS1#2, and si-TP73-AS1#3) and negative control (si-control) were purchased from GenePharma (Shanghai, China). MiR-128-3p, miR-NC, anti-miR-128-3p, and anti-miR-NC were obtained from Thermofisher. Cell transfection was performed using FuGENE HD Transfection Reagent (Roche, United States) according to the manufacturer’s instructions. 

Quantitative reverse transcription-polymerase chain reaction
Total RNA was isolated using TRIzol reagent (Invitrogen) from PC tissues and cell lines. RNA was reversely transcribed into cDNA using the PrimeScript™RT reagent Kit with gDNA Eraser (TakaRa, Dalian, China). Quantitative real-time polymerase chain reaction (qRT-PCR) was performed using FastStart Universal SYBR Green Master (Roche, Basel, Switzerland) on a Bio-Rad RT-PCR cycler (Bio-Rad, Hercules, United States). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and small RNA RNU6B (U6) were used as the internal controls for lncRNA/mRNA and miRNAs, respectively. Relative expression values of genes were analyzed by the 2−ΔΔCt method.

Cell proliferation, colony formation, and apoptosis assays
For cell proliferation assay, cells were plated into 96-well plates with four replicate wells per group and then incubated with 10 μL of CCK-8 reagent (Dojindo, Kumamoto, Japan). The absorbance was measured at 450 nm with a microplate reader (Bio-Tek, Winooski, United States) 2 h later. For colony formation assay, approximately 600 cells were plated into 6-well plates with three replicates. Cells were fixed with 10% formaldehyde and stained with 0.5% crystal violet 14 d later. Cell apoptosis was detected using Annexin-V-fluorescein isothiocyanate apoptosis detection kit (BD, Franklin Lakes, United States) according to the manufacturer's instructions. The apoptosis rate of cells was measured on a BD FACSAria™ II flow cytometer (BD).

Transwell assay
Cell migration and invasion were evaluated using the Boyden chambers (Millipore; Merck KGaA, Germany) with an 8 mm pore size. Briefly, a total of 2 × 104 cells in 100 μL serum-free medium were transferred into the upper chamber, and the lower chamber was filled with medium containing 10% FBS. After 24 h incubation, cells were fixed with 10% formaldehyde for 15 min and stained with 0.5% crystal violet for 20 min at room temperate. The migrated cells were counted under an X71 inverted microscope in six randomly selected fields and captured using a microscope (Nikon). The invasion assay was performed in the same way as the migration assay did except that the inserts were pre-coated with Matrigel (BD).

Luciferase reporter assay
The putative miR-128-3p binding sites in TP73-AS1 and GOLM1 3′UTR were synthesized and inserted into pMIR-REPORT™ miRNA Expression Reporter Vector (Thermofisher). Their corresponding mutants were generated using MutanBEST Kit (TaKaRa). AsPc-1 and Capan-1 cells were co-transfected with these reporter plasmids and pMIR-REPORT β-gal, miR-128-3p mimics, or miR-128-3p inhibitors using Lipofectamine 3000 (Invitrogen). Luciferase activity was measured using Dual-Luciferase Reporter Assay System (Promega, WI, United States) 48 h after the transfection.

RNA immunoprecipitation assay
PANC-1 and ASPC-1 cells transfected with miR-NC or miR-128-3p were harvested with revised importance-performance analysis lysis buffer (Cell Signaling Technology, Danvers, MA, United States) containing a proteinase inhibitor cocktail (Roche, IN, United States). The lysates were incubated with magnetic beads conjugated with human anti-Ago2 antibody and normal rabbit immunoglobulin G. Then RNA was isolated from the mixture with TRIzol reagent for qRT-PCR analysis.

Western blot analysis
Western blot was performed as we previously described[15]. The primary antibodies used in this study are listed as following: Anti-GOLM1 (H00051280-PW1, Abnova, Taiwan), anti-GAPDH (#10494-1-AP, Proteintech, IL, United States), anti-E-cadherin (14-3249-82, CST, United States), anti-N-cadherin (MA1-91128, CST, United States), anti-Vimentin (PA5-27231, CST, United States), anti-Caspase-3 (700182, CST, United States), and anti-Bcl-2 (MA5-11757, CST, United States).

In vivo xenograft experiment
All animal experiments were performed in compliance to institutional guidelines approved by the Use Committee for Animal Care and this study was approved by the Ethics Committees of Shanghai First People's Hospital of Shanghai Jiao Tong University (approval No. 201804SF). Female BALB/c-nude mice (4–6 wk of age) were purchased from Shanghai SJA Laboratory Animal Company (Shanghai, China) and maintained under specific pathogen free conditions. Capan-1 cells (1 × 107; transfected with si-control or si-TP73-AS1#1) mingled with 100 μL serum-free medium were injected subcutaneously into to the flanks of the nude mice. All mice were sacrificed 4 wk after injection and then tumors were isolated and photographed. Tumor volumes were calculated using the formula length × width2/2 and tumor weights were measured. For tail vein injection, 1 × 106 cells in serum-free medium were injected into 6 wk-old BALB/c-nude mice via the tail vein. Five weeks after injection, all mice were sacrificed and lung tissues were finally embedded with paraffin and subjected to hematoxylin and eosin (H&E) staining. 

Statistical analysis
Data are shown as the mean ± SD. The differences between groups were analyzed by Student’s t-test or Chi-square test. The cumulative overall survival was calculated using the Kaplan-Meier method, and the log-rank test was used to analyze differences in the survival times. Data were analyzed using GraphPad software 7.0. P < 0.05 was considered significant.

RESULTS
TP73-AS1 is upregulated in PC and associated with a poor prognosis
To explore the roles of TP73-AS1 in PC, we first detected the expression of TP73-AS1 in the human pancreatic duct epithelial cell line (H6C7) and five PC cell lines by qRT-PCR. Our data indicated that TP73-AS1 expression was higher in all PC cell lines than in H6C7, especially in AsPc-1 and Capan-1 cells (Figure 1A). Then the expression of TP73-AS1 in 116 pairs of PC tissues and adjacent non-cancerous tissues was measured, and the results revealed that TP73-AS1 expression was significantly increased in PC tissues compared to the corresponding non-cancerous tissues (Figure 1B and C). Furthermore, it was shown that in the tissue samples of stages I and II PC patients, the expression levels of TP73-AS1 were lower than those in stage III PC patients (Figure 1D). Moreover, the associations between TP73-AS1 expression and the clinicopathological characteristics in PC patients were analyzed. The results suggested that increased TP73-AS1 expression was significantly correlated with tumor size, vessel infiltration, and TNM stage. Besides, no correlation was found between TP73-AS1 expression and other clinical pathological features (Table 1). Kaplan-Meier survival results suggested that patients with higher TP73-AS1 expression had a shorter overall survival than those with lower TP73-AS1 expression (Figure 1E). These data indicated that TP73-AS1 might play a vital role in the progression of PC.

LncRNA TP73-AS1 is required for efficient PC cell proliferation, migration, and invasion
In order to assess the biological functions of TP73-AS1, we knocked down TP73-AS1 by transfecting specific siRNAs in AsPc-1 and Capan-1 cells, which have higher endogenous TP73-AS1 expression. The knockdown efficacy was confirmed by qRT-PCR analysis. The expression of TP73-AS1 was markedly decreased in AsPc-1 and Capan-1 cells after transfecting with siRNAs targeting TP73-AS1 (Figure 2A). CCK-8 (Figure 2B) and colony formation assay (Figure 2C) showed that knockdown of TP73-AS1 in PC cells markedly restrained cell proliferation. Furthermore, cell apoptosis was highly promoted by depletion of TP73-AS1 in AsPc-1 and Capan-1 cells (Figure 2D). In addition, in the transwell assay, TP73-AS1 silencing could effectively impede the invasive ability of PC cells (Figure 2E and F). These data revealed that TP73-AS1 acts as an oncogene and depletion of TP73-AS1 inhibits PC cell growth and invasion in vitro.

LncRNA TP73-AS1 functions as a competing endogenous RNA and sponges miR-128-3p in PC cells
Accumulating evidence suggests that lncRNAs could bind to miRNAs and function as a molecular sponge in the tumorigenesis of various cancers[4]. To elucidate the underlying mechanism of TP73-AS1 involved in PC progression, the potential target miRNAs of TP73-AS1 were forecasted with bioinformatics analysis software (http://starbase.sysu.edu.cn). Among these potential targets, miR-128-3p was chosen for further study because it had been validated as a tumor suppressor in PC (Figure 3A)[16]. Dual-luciferase reporter assay was used to validate the relationship between TP73-AS1 and miR-128-3p. The activity of the wild-type luciferase reporter gene was significantly reduced following transfection with miR-128-3p mimics, whereas the activity of the reporter gene containing the mutant sequence showed no significant change, which indicated that TP73-AS1 could bind to the specific sites of miR-128-3p (Figure 3B). Moreover, anti-Ago2 RNA immunoprecipitation in AsPc-1 and Capan-1 cells transiently overexpressing miR-128-3p could significantly increase the amount of TP73-AS1 (Figure 3C), which could further validate their binding potential. The expression of miR-128-3p was significantly increased in PC cells transfected with si-TP73-AS1#1 and si-TP73-AS1#3 (Figure 3D). Then, we measured miR-128-3p expression level and the relationship between TP73-AS1 and miR-128-3p expression in PC tissues. Interestingly, qRT-PCR assay showed that the miR-128-3p level was remarkably reduced in PC tissues (Figure 3E) and the endogenous miR-128-3p level was negatively correlated with TP73-AS1 in PC tissues (Figure 3F). These results suggested that TP73-AS1 might function as a competing endogenous RNA (ceRNA) for miR-128-3p.

MiR-128-3p-3p inhibits pancreatic cell proliferation, migration, and invasion
MiR-128-3p was reported to be a tumor suppressor in several cancers, including PC[16,17]. But its effects in the progression of PC are largely unknown. To explore the roles of miR-128-3p in PC cell growth and mobility, miR-128-3p mimics were transfected in AsPc-1 and Capan-1 cells (Figure 4A). CCK-8 (Figure 4B) and colony formation assays (Figure 4C) revealed that miR-128-3p had significant negative regulation effects on the ability of cell proliferation in AsPc-1 and Capan-1 cells. Flow cytometry assay indicated that overexpression of miR-128-3p increased the number of apoptotic cells both in AsPc-1 and Capan-1 cells (Figure 4D). Meanwhile, transwell assays demonstrated that miR-128-3p overexpression significantly restrained PC cell migration and invasion (Figure 4E and F). Considering the downregulation of miR-128-3p in PC tissues, our results manifested that miR-128-3p could act as a tumor suppressor by regulating PC cell proliferation and invasion.

Inhibition of miR-128-3p partly reverses regulatory effects induced by depletion of TP73-AS1
To determine if TP73-AS1 knockdown could exert anti-proliferation and anti-metastasis function by mediating miR-128-3p, anti-miR-128-3p was transfected into AsPc-1 and Capan-1 cells after TP73-AS1 silencing. Functional experiments demonstrated that the TP73-AS1-mediated pro-proliferation (Figure 5A) and anti-apoptosis (Figure 5B) effect was dramatically abrogated by anti-miR-128-3p transfection in TP73-AS1 silencing PC cells. In addition, the inhibitory effects of TP73-AS1 silencing on cell metastasis were rescued by anti-miR-128-3p transfection (Figure 5C and D). Moreover, epithelial-mesenchymal transition (EMT)-related proteins were detected by Western blot. Consistent with the functional assays above, the results showed that TP73-AS1 could regulate EMT-related proteins by regulating miR-128-3p (Figure 5E). All these data indicated that TP73-AS1 is involved in PC progression, at least partly through miR-128-3p.

LncRNA TP73-AS1 regulates GOLM1 expression by competing for miR-128-3p-3p
Since TP73-AS1 was demonstrated to bind to miR-128-3p, we assessed whether TP73-AS1 could indirectly affect the target gene of miR-128-3p by serving as a ceRNA. Based on online bioinformatics analysis, GOLM1 3’UTR was found to possess a putative recognition site for miR-128-3p (Figure 6A). The luciferase reporter assay was carried out and the results showed that the luciferase activity of plasmid carrying GOLM1 3’UTR-WT was significantly decreased by transfecting miR-128-3p mimics both in AsPc-1 and Capan-1 cells (Figure 6B). However, these effects were abolished when the binding sequences were mutated. Transfecting miR-128-3p mimics led to a significant decrease of GOLM1 mRNA and protein expression in AsPc-1 and Capan-1 cells (Figure 6C). To further explore the correlation between TP73-AS1 and GOLM1, the mRNA and protein expression of GOLM1 was detected after TP73-AS1 silencing. As expected, the mRNA and protein expression of GOLM1 was remarkably decreased after silencing TP73-AS1 both in AsPc-1 and Capan-1 cells (Figure 6D). Moreover, the level of GOLM1 mRNA was significantly down-regulated in PC tissues compared to the corresponding non-cancerous tissues (Figure 6E). Interestingly, an inverse correlation was identified between miR-128-3p and GOLM1 mRNA levels in PC tissues (Figure 6F). In contrast, the positive relationship between TP73-AS1 and GOLM1 mRNA levels was observed in PC tissues (Figure 6G). The protein expression of GOLM1 was increased after anti-miR-128-3p transfection in TP73-AS1 silencing PC cells (Figure 6H), which suggested that TP73-AS1 could regulate the expression of GOLM1 by acting as a sponge for miR-128-3p in vitro. 

TP73-AS1 silencing inhibits tumor growth and metastasis of PC cells
To further elucidate the biological roles of TP73-AS1 in PC tumorigenesis in vivo, Capan-1 cells transfected with si-TP73-AS1#1 or si-Control were implanted into nude mice via subcutaneous injection. Four weeks later, the subcutaneous tumors were collected. Tumor growth curve and tumor weight from the si-TP73-AS1#1 group showed lower size and lighter tumor weight (Figure 7A-C). Moreover, qRT-PCR analysis suggested that the expression of TP73-AS1 was decreased (Figure 7D) and the expression of miR-128-3p (Figure 7E) was increased in the si-TP73-AS1#1 group. In addition, Ki-67 immunostaining indicated that the subcutaneous tumors formed by TP73-AS1 silencing Capan-1 cells showed fewer Ki-67 positive cells compared to the control group (Figure 7F). Together, the in vitro and in vivo results suggested that TP73-AS1 might function as an oncogene in the progression of PC. To investigate the metastatic potential of TP73-AS1 in vivo, Capan-1 cells transfected with si-TP73-AS1#1 or si-Control were injected into the mice via the tail vein. As shown in Figure 7G, silencing TP73-AS1 remarkably decreased the number and size of lung metastatic lesions as detected by H&E staining. Moreover, we detected apoptotic markers in the tumors from the two groups and the results showed that apoptosis-related genes were significantly altered (Figure 7H).

DISCUSSION
Increasing numbers of studies have shown that lncRNAs are involved in both normal development and pathological processes of human diseases by chromatin modification, genomic imprinting, RNA decay, and sponge-like miRNAs[5,18,19]. Dysregulation of lncRNAs might influence cell proliferation, metastasis, angiogenesis, and drug resistance[18,20,21]. It has been previously reported that increased expression of TP73-AS1 is associated with a poorer prognosis and shorter survival in patients with hepatocellular carcinoma[13]. High TP73-AS1 expression was also observed and associated with poor overall survival of patients with osteosarcoma[22]. TP73-AS1 was up-regulated in both colorectal cancer tissues and colorectal cancer cells and high TP73-AS1 expression was associated with metastasis and advanced clinical stages in patients with colorectal cancer[23]. Above studies suggested that TP73-AS1 might act as an oncogene in tumor progression, which encouraged us to explore the expression and biological function of TP73-AS1 in PC. In agreement with these studies, we found that TP73-AS1 was significantly increased and associated with tumor size, vessel infiltration, and poor prognosis in PC patients. Furthermore, our results showed that knockdown of TP73-AS1 suppressed the proliferation and invasion of PC cells in vitro and the tumor growth in vivo.
Emerging studies demonstrated that lncRNAs could function as ceRNAs to regulate gene expression through competitively binding to miRNAs[4,5]. To further investigate the mechanism of the TP73-AS1 in PC, bioinformatics analysis predicted that TP73-AS1 is a target of miR-128-3p. Numerous studies have indicated that miR-128-3p could act as a tumor suppressive role in many tumors, including glioma, breast cancer, and non-small cell lung cancer[24-26]. In our present study, we found that miR-128-3p could significantly suppress PC cell growth and invasion. Luciferase reporter assay confirmed the relationship between TP73-AS1 and miR-128-3p. Mechanistical study showed that TP73-AS1 could mediate PC cell proliferation, migration, and invasion by sponging miR-128-3p and a negative correlation between TP73-AS1 and miR-128-3p expression was observed in PC tissues. Further investigation indicated that the 3’UTR of GOLM1 harbors a functional response element for miR-128-3p. GOLM1, a type II transmembrane protein, has been reported to be induced by virus infection[27,28]. Recent studies have shown that GOLM1 commonly expressed in epithelial cells of normal tissues was significantly upregulated in tumor tissues, which suggested a possible oncogenic role of GOLM1 in tumor progression[29,30]. Moreover, clinicopathological features showed that GOLM1 was correlated with Edmondson grade, vascular invasion, TNM stage, overall survival, as well as Vimentin expression[31]. GOLM1 was also reported to promote prostate cancer cell growth, migration, and invasion, and inhibited cell apoptosis via the PI3K/AKT/mTOR signaling axis[32]. The role of GOLM1 was unclear in PC and our data showed that the mRNA expression of GOLM1 was increased in PC tissues. Moreover, ectopic expression of miR-128-3p significantly inhibited the expression of GOLM1 at both the mRNA and protein level. Most interestingly, miR-128-3p-3p could abrogate TP73-AS1-mediated expression of GOLM1, which suggested that TP73-AS1 could act as a molecular sponge to decrease miR-128-3p expression, thereby resulting in partial abolition of the translational repression of its target gene GOLM1 in PC cells.
KRAS gene, the most common genetic driver in PC, is mutated in about 93% of PC s[33,34]. The KRAS protein is a small GTPase, which is responsible for interacting with cell membrane growth factor receptors and controlling the switch of multiple signaling pathways and cellular processes. Oncogenic KRAS mutations have been found in 95% of pancreatic ductal adenocarcinoma tissues[35,36]. Decades of research have discovered and clarified the complex picture of KRAS-regulated biological processes, including cell metabolism, tumor cell signaling, the tumor microenvironment, micropinocytosis, apoptosis, and redox homeostasis[37,38]. In our research, ASPC-1 and Capan-1 cells were the two PC cell lines that we selected, both of which contained mutations in the KRAS gene. As our results show, the regulatory roles of TP73-AS1 in cell proliferation, migration, and invasion ability were verified by Cell Counting Kit-8, wound-healing, and transwell assays in ASPC-1 and Capan-1 cells. Due to the vital role that KRAS could play in PC, we are also curious about the role of TP73-AS1 in KRAS wild cells. Therefore, in our further research, we would select BXPC-3 cell line, which contains wild KRAS gene, for in vitro and in vivo functional assays of TP73-AS1 to detect whether KRAS gene could modulate the function of TP73-AS1 in PC.

CONCLUSION
In summary, our data suggested that TP73-AS1 could function as an oncogenic lncRNA in PC progression. Moreover, TP73-AS1 could promote tumor growth and invasion by acting as a ceRNA to promote GOLM1 expression by sponging miR-128-3p in PC.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer (PC) is the fourth most frequent cause of cancer-related deaths in the world. Emerging evidence has revealed that long non-coding RNAs (lncRNAs) could play crucial roles in the progression of PC. However, the biological role and clinical significance of TP73-AS1 in PC remain unclear.

Research motivation
Treatments for PC are still limited, and surgical resection could be the only chance to obtain curative treatment. We hope to provide a novel therapeutic target for patients with PC.

Research objectives
The present study aimed to investigate the role of TP73-AS1 in the growth and metastasis of PC.

Research methods
Quantitative reverse transcription-polymerase chain reaction was used to detect the expression of lncRNA TP73-AS1, miR-128-3p, and GOLM1 in PC tissues and cells. The regulatory roles of TP73-AS1 in cell proliferation, migration, and invasion ability were verified by Cell Counting Kit-8, wound-healing, and transwell assays. The bioinformatics prediction software ENCORI was used to predict the putative binding sites of miR-128-3p. The interactions among TP73-AS1, miR-128-3p, and GOLM1 were explored by bioinformatics prediction, luciferase assay, and Western blot.

Research results
Our data suggested that TP73-AS1 and miRNA-128-3p were dysregulated in PC tissues and cells. TP73-AS1 silencing inhibited PC cell proliferation, migration, and invasion in vitro as well as suppressed tumor growth in vivo. Moreover, TP73-AS1 could promote tumor growth and invasion by acting as a competing endogenous RNA to promote GOLM1 expression by sponging miR-128-3p in PC.

Research conclusions
TP73-AS1 could promote PC cell proliferation and metastasis by modulating the miR-128-3p/GOLM1 axis.

Research perspectives
TP73-AS1 could promote PC progression, which might provide a potential treatment strategy for patients with PC.
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Figure 1 Aberrantly expressed TP73-AS1 in pancreatic cancer cells and tissues. A: TP73-AS1 expression in pancreatic cancer (PC) cell lines and an immortalized human pancreatic duct epithelial cell (H6C7) detected by quantitative real-time polymerase chain reaction; B: The relative expression of TP73-AS1 in 116 paired PC tissues and adjacent non-tumor tissues; C: TP73-AS1 is highly expressed in collected PC tissues; D: The different expression of TP73-AS1 between tumor-node-metastasis (TNM) stage I-II; and TNM stage III; E: Kaplan-Meier analysis of the overall survival in patients with PC based on the levels of TP73-AS1 expression. aP < 0.05; bP < 0.01.
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Figure 2 Knockdown of TP73-AS1 suppresses cell proliferation and invasion in vitro. A: Quantitative real-time polymerase chain reaction analysis of TP73-AS1 expression in AsPc-1 and Capan-1 cells transfected with si-control and small interfering RNAs targeting TP73-AS1; B: CCK-8 proliferation assay in pancreatic cancer cells transfected with si-control, si-TP73-AS1#1, or si-TP73-AS1#3; C: Colony formation assay in AsPc-1 and Capan-1 cells transfected with si-control, si-TP73-AS1#1, or si-TP73-AS1#3; D: Role of TP73-AS1 on AsPc-1 and Capan-1 cells apoptosis checked by flow cytometry assay; E and F: Effect of TP73-AS1 silencing on the migration and invasion ability of AsPc-1 (E) and Capan-1 (F) cell determined by transwell assay. aP < 0.05; bP < 0.01.
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Figure 3 TP73-AS1 physically interacts with miR-128-3p-3p. A: miR-128-3p and its predicted binding sites in the TP73-AS1 sequence; B: Luciferase activity of pancreatic cancer (PC) cells co-transfected with miRNA mimics and luciferase reporter vectors containing TP73-AS1-WT or TP73-AS1-MUT; C: RNA immunoprecipitation assay of the enrichment of TP73-AS1 in AsPc-1 and Capan-1 transfected with miR-NC or miR-128-3p. Immunoglobulin G was used as negative control; D: Expression levels of miR-128-3p in AsPc-1 and Capan-1 cells transfected with si-control or small interfering RNAs targeting TP73-AS1; E: Expression levels of miR-128-3p in PC tissues and adjacent non-tumor tissues; F: The expression of TP73-AS1 and miR-128-3p exhibits a negative correlation in PC tissues. bP < 0.01. IgG: Immunoglobulin G.
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Figure 4 MiR-128-3p inhibits the proliferation, migration, and invasion of pancreatic cancer cells. A: The efficiencies of overexpression for miR-128-3p determined by quantitative real-time polymerase chain reaction; B and C: CCK-8 assay (B) and colony formation assay (C) for detecting cell proliferative ability after overexpression of miR-128-3p; D: Effect of miR-128-3p on pancreatic cancer cell apoptosis determined by flow cytometry; E and F: Transwell assay with or without matrigel for assessing the effect of miR-128-3p on cell migration and invasion in AsPc-1 (E) and Capan-1 (F) cells. bP < 0.01.
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Figure 5 MiR-128-3p is responsible for TP73-AS1-mediated malignant behavior. A: Knockdown of miR-128-3p eliminates the inhibition on cell proliferation by TP73-AS1 depletion; B: Depletion of miR-128-3p abolishes cell apoptosis induced by TP73-AS1 silencing; C and D: Representative images of migrated and invaded cells treated with si-TP73-AS1#1 and anti-miR-NC or anti-miR-128-3p in AsPc-1 (C) and Capan-1 (D) cells; E: Epithelial-mesenchymal transition-related proteins detected by Western blot. aP < 0.05; bP < 0.01. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 6 TP73-AS1 increases GOLM1 expression by decreasing miR-128-3p. A: Schematic diagram presenting the putative miR-128-3p recognition site in the GOLM1 sequence; B: Luciferase activity in pancreatic cancer (PC) cells transfected with miR-128-3p and reporter plasmids containing WT or MUT GOLM1 3’UTR; C: The GOLM1 mRNA (up) and protein (down) levels in AsPc-1 and Capan-1 cells with miR-128-3p transfection; D: The GOLM1 mRNA (up) and protein (down) levels in AsPc-1 and Capan-1 cells after TP73-AS1 silencing; E: The expression levels of GOLM1 mRNA in 116 pairs of PC and adjacent non-tumor tissues assessed by quantitative real-time polymerase chain reaction; F: The relationship between miR-128-3p and GOLM1 mRNA levels assessed by Pearson correlation analysis; G: The relationship between TP73-AS1 and GOLM1 mRNA levels assessed by Pearson correlation analysis; H: The protein expression levels of GOLM1 detected by Western blot assay as indicated. bP < 0.01. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 7 TP73-AS1 knockdown inhibits tumor growth and metastasis in nude mice. A: Images of resected tumors from nude mice from the indicated groups. n = 5 mice per group; B: Tumor growth curves established by measuring tumor volume after injection at the indicated time points; C: Weights of resected tumors from nude mice from the indicated groups; D and E: Quantitative real-time polymerase chain reaction to detect the expression of TP73-AS1 (D) and miR-128-3p (E) in xenograft tumor tissues; F: Ki67 expression in resected tumor tissues evaluated by immunohistochemistry analysis; G: Representative images and quantification of hematoxylin and eosin staining of lungs isolated from mice; H: Apoptosis markers detected by Western blot. bP < 0.01. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.


Table 1 Relationship between TP73-AS1 expression and clinicopathological features
	Characteristic
	(n)
	TP73-AS1 expression
	P value

	
	n = 116
	Low expression
	High expression
	

	Age
	0.7101

	< 60
	65
	32
	33
	

	≥ 60
	51
	23
	28
	

	Gender
	0.7026

	Male
	74
	34
	40
	

	Female
	42
	21
	21
	

	Tumor differentiation
	0.5723

	Poor
	69
	31
	38
	

	Middle and well
	47
	24
	23
	

	Tumor size
	0.008

	≤ 2 cm
	48
	31
	17
	

	> 2 cm
	68
	26
	42
	

	Tumor site
	0.4555

	Head
	64
	28
	36
	

	Body
	52
	27
	25
	

	Vessel infiltration
	0.001

	Negative
	82
	47
	35
	

	Positive
	34
	8
	26
	

	Lymph node metastasis
	0.5526

	No
	78
	35
	43
	

	Yes
	38
	20
	18
	

	TNM stage
	0.0008

	I-II
	84
	48
	36
	

	III
	32
	7
	25
	


TNM: Tumor-node-metastasis.
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