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Abstract
BACKGROUND
Long non-coding RNA (lncRNA) is abnormally expressed in various malignant tumors. In recent years, it has been found that IncRNA HULC is increasingly expressed in pancreatic cancer tissues and is involved in the development and progression of pancreatic cancer. However, the clinical value of serum HULC in pancreatic cancer remains unclear, and there are few studies on how HULC regulates the biological function of pancreatic cancer cells.

AIM
[bookmark: OLE_LINK2]To determine the value of lncRNA HULC in the diagnosis and prognosis of pancreatic cancer, and its possible biological potential.

METHODS
Sixty patients with pancreatic cancer and sixty patients with benign pancreatic diseases admitted to Xiangya Hospital, Central South University were assigned to the pancreatic cancer group and the benign disease group, respectively, and another 60 healthy subjects were enrolled as the normal group during the same period. HULC-siRNA and NC-siRNA were transfected into pancreatic cancer cells. Quantitative real-time polymerase chain reaction was performed to determine the expression of HULC in tissues, serum, and cells. Western Blot was carried out to determine the expression of β-catenin, c-myc, and cyclin D1 in cells, and the cell counting kit-8, flow cytometry, and Transwell assay were conducted to determine the proliferation, apoptosis and invasion of cells.

RESULTS
Highly expressed in the tissues and serum of pancreatic cancer patients, HULC showed good clinical value in distinguishing between patients with pancreatic cancer, patients with benign pancreatic diseases and healthy subjects. HULC was related to pathological parameters including tumor size, T staging, M staging and vascular invasion, and the area-under-the-curve for evaluating these four parameters was 0.844, 0.834, 0.928 and 0.818, respectively. Patients with low expression of HULC had a significantly higher 3-year overall survival (OS) and 5-year OS than those with high expression. T staging, M staging, vascular invasion, and HULC were independent prognostic factors affecting the 3-year OS of patients with pancreatic cancer. Inhibition of HULC expression prevented the proliferation and invasion of pancreatic cancer cells, promoted apoptosis, and inhibited the expression of Wnt/β-catenin signaling pathway-related proteins, β-catenin, c-myc, and cyclin D1. The Wnt/β-catenin signaling pathway agonist (LiCl) restored proliferation, apoptosis, and invasion of pancreatic cancer cells with inhibited expression of HULC.

CONCLUSION
HULC is an effective marker for the diagnosis and prognosis of pancreatic cancer, which may affect the biological function of pancreatic cancer cells through the Wnt/β-catenin signaling pathway.
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[bookmark: OLE_LINK532]Core tip: In this study, we evaluated the role of HULC in the diagnosis and prognosis of pancreatic cancer and its possible biological potential. Firstly, we studied the expression of HULC in the serum and tissues of patients with pancreatic cancer. Secondly, we analyzed the relationship between HULC and the clinical pathological parameters and prognosis of patients. Finally, we determined the effects of inhibiting HULC expression on the proliferation, apoptosis and invasion of pancreatic cancer cells and its possible biological potential.
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INTRODUCTION
Pancreatic cancer, a highly invasive and malignant tumor, is the main cause of cancer death in humans[1]. Surgical resection is effective in patients with early pancreatic cancer, but patients with pancreatic cancer have a low early diagnosis rate due to insidious symptoms in the early stage, and these patients are usually diagnosed at a late stage; thus, their surgical resection rate is relatively low, resulting in poor prognosis and a 5-year overall survival rate (OS) of approximately 6%[2]. Although significant advances in the diagnosis and treatment of tumors have been achieved due to the continuous development of molecular diagnosis and targeted therapy, pancreatic cancer, which is a highly invasive disease, still lacks effective biomarkers for prevention, diagnosis, metastasis and prognosis[3]. Therefore, determining the occurrence, development, and prognosis of pancreatic cancer, and the potential underlying mechanism is helpful for clinicians to assess a more appropriate therapeutic regimen for pancreatic cancer.
Carbohydrate antigen 19-9 (CA199) is an important serum index for the diagnosis of pancreatic cancer clinically, but it lacks certain specificity[4]. Long non-coding RNA (lncRNA) is a non-coding RNA longer than 200bp, whose genomic position is closely related to protein-coding genes[5]. It was reported that most lncRNAs have no RNA transcripts with protein-coding potential, but they are involved in various biological processes in tumors, and play an important role in the cycle, differentiation, proliferation and regulation of cells[6-8]. A growing body of research suggests that lncRNAs are abnormally expressed in various cancers, some of which play an important role in the development and progression of tumor inhibition, and have diagnostic and prognostic value for tumors[9,10]. LncRNA HULC is up-regulated in tumors such as liver cancer and gastric cancer, and it can regulate and control the development and progression of tumors through a variety of molecular mechanisms[11,12]. A previous study indicated that HULC is a promoting factor in pancreatic cancer, and may be a prognostic biomarker for pancreatic cancer[13]. However, the relationship between serum HULC and the diagnosis and prognosis of pancreatic cancer, and its possible molecular mechanism are still under investigation.
Therefore, we investigated the clinical value of HULC in pancreatic cancer and its possible molecular mechanism by detecting the expression of HULC in patients with pancreatic cancer. The aim of this study was to identify a reliable tumor marker for diagnosis and prognosis evaluation and a potential drug target for pancreatic cancer.

MATERIALS AND METHODS
Sixty patients with pancreatic cancer and sixty patients with benign pancreatic diseases admitted to Xiangya Hospital, Central South University from January 2012 to March 2014 were assigned to the pancreatic cancer group and the benign disease group, respectively. The pancreatic cancer group consisted of 43 males and 17 females with an average age of 54.9 ± 9.6 years, and the benign disease group consisted of 40 males and 20 females with an average age of 53.2 ± 8.7 years. Additionally, 60 healthy subjects (39 males and 21 females with an average age of 51.3 ± 8.4 years) were enrolled as the normal group during the same period. There was no significant difference in age and sex between the three groups. Inclusion criteria were as follows: Patients diagnosed with pancreatic cancer based on pathology, cytology, and imaging[14], and patients who had not received relevant anti-tumor treatment and who had signed an informed consent form. The experimental process was approved by the Ethics Committee of Xiangya Hospital, Central South University and it was in conformity with the Declaration of Helsinki. Exclusion criteria were as follows: Patients with comorbidities such as liver cirrhosis or blood coagulation dysfunction; patients without detailed general clinical data; patients unwilling to cooperate during follow-up; patients whose expected survival time was less than 1 month, and patients not included in the follow-up period.

Main instruments and reagents
The following instruments and reagents were obtained: An ABI Stepone Plusreal-time fluorescence ratio PCR instrument, Lipofectamine™ 2000 transfection kit, Trizol extraction kit, and Annexin V/PI apoptosis detection kit (Invitrogen, Carlsbad, CA, United States); BxPC3, PANC-1, AsPC-1, and CFPAC-1 cells, and hTERT-HPNE normal human pancreatic duct epithelial cells (Shanghai Aolu Biotechnology Co., Ltd., China); SYBR green PCR master mix (Applied Biosystems, Waltham, MA, United States); cell counting kit-8 (AmyJet Scientific Inc., Wuhan, China); 10% fetal bovine serum, mixed penicillin-streptomycin solution (100 × double-antibody), Dulbecco's modified Eagle’s medium (DMEM), and Transwell kit (GibcoTM BRL, Gaithersburg, MD, United States). β-catenin polyclonal goat immunoglobulin G (IgG), cyclin D1 polyclonal goat IgG, c-myc polyclonal goat IgG, β-actin, horseradish peroxidase (HRP)-labeled goat anti-mouse secondary antibody (R&D Systems, Minneapolis, MN, United States); electrochemiluminescence (ECL) kit, bicinchoninic acid (BCA) kit, and Multiskan™ GO full-wavelength enzyme mark instrument (Thermo Fisher Scientific-CN); FACS Canto flow cytometry (Becton Dickinson, Franklin Lakes, NJ, United States); DR5000 ultraviolet visible spectrophotometry (BioRad, Hercules, United States), and Wnt pathway agonist LiCl (Sigma-Aldrich, China). Primer sequences were all synthesized by Shanghai Sangon Biotech Co., Ltd., China.

Sample collection
Tumor tissues and corresponding tumor-adjacent tissues were sampled from patients with pancreatic cancer and stored in liquid nitrogen. Elbow vein blood (5 mL) was obtained from patients in the three groups, and centrifuged at 3000 × g for 10 min to extract serum. The serum was stored for later analysis.

Cell culture and transfection experiment
Pancreatic cancer cell lines were placed in DMEM containing 10% fetal bovine serum and mixed penicillin-streptomycin solution, cultured in a cell incubator with saturated humidity and 5% CO2 at a constant temperature of 37°C, then transfected with HULC-siRNA (siRNA-HULC) and control plasmid NC-siRNA (siRNA-NC), respectively, according to the Lipofectamine™2000 transfection kit instructions. Primers were transfected into cells with the greatest difference in HULC expression, and after 6 h, the cells were cultured in medium containing 10% fetal bovine serum. Quantitative real-time polymerase chain reaction (qRT-PCR) was used to identify the efficiency of cell transfection.

qRT-PCR detection
Total RNA in serum, tissues and cells was extracted using Trizol extraction kits. The concentration and purity of the extracted RNA were determined using ultraviolet spectrophotometry, and the integrity of RNA was determined using 1% agarose gel electrophoresis. RNA was reverse transcribed into cDNA according to the reverse transcription kit instructions, and the reverse transcribed samples were stored at -20°C for later analysis. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was included as an internal reference. The upstream and downstream of HULC were 5’-ACCTCCAGAACTGTGATCCAAAATG-3’, and 5’-TCTTGCTTGATGCTTTGGTCTG-3’, respectively, and those of GAPDH were 5’ -CAGCCAGGAGAAATCAAACAG-3’, and 5’-GACTGAGTACCTGAACCGGC-3’, respectively. The reaction was performed on a real-time fluorescence ratio PCR instrument, and the amplification was performed under pre-denaturation at 95°C for 30 s, followed by 40 cycles of denaturation at 95°C for 5 s and annealing and elongation at 60°C for 30 s. Data were obtained from three independent experiments, and the relative expression of genes was determined after calculation using the 2-△△CT method.

Western blot assay
Lysed cells were collected and transferred into a centrifuge tube, and centrifuged at 12000 × g for 10 min at 4°C to collect the supernatant containing the protein samples. The protein concentrations in these samples were determined using the BAC method, and the samples were diluted with lysis buffer to prepare 20 mg/mL protein. In addition, 8.00% separation gel and 5.00% spacer gel were also prepared. The samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to a polyvinylidene fluoride membrane. The samples were added to β-catenin, cyclin D1, and c-myc primary antibodies (1:1000), and internal reference β-actin (1:3000), sealed overnight at 4℃, and then added to HRP-labeled goat anti-mouse secondary antibody (1:5000), incubated at 37°C for 1 h, and rinsed with Tris-buffered saline Tween-20 three times, for 5 min each time. The samples were then developed in a darkroom to remove excess liquid on the membrane, and prepared for ECL. The protein bands of the samples were scanned, and their grey values were analyzed using Quantity One (Molecular Devices Corp, The Bay Area, CA, United States).

Cell proliferation experiment
The proliferation of cells was determined using the cell counting kit-8 (CCK-8) assay as follows: Cells transfected for 48 h were seeded into a 96-well plate at 2 × 103 cells/well, and then determined by adding 100 mL of CCK-8 dilute solution to the plate at 24 h, 48 h, 72 h, and 96 h, respectively. The plate was incubated for 2 h in 5% CO2 and the optical density (OD) of each well was measured at a wavelength of 450 nm using an enzyme mark instrument and repeated three times.

Cell apoptosis experiment
Cells transfected for 48 h were digested with 0.25% trypsin, washed with phosphate buffer saline twice, and then resuspended in 100 μL AnnexinV binding buffer to prepare a 1 × 106 cells/mL suspension. The suspension was incubated at 4°C for 15 min with 5 μL Annexin-V/FITC solution, and then incubated at 4°C for 5 min with 5 μL PI staining solution. Flow cytometry was performed three times and the average value was obtained.

Transwell invasion experiment
A Transwell chamber coated with Matrigel glue was left to stand at 37°C for 30 min, and then serum-free DMEM was added to resuspend the cells at a cell density of 4 × 105 cells/mL. 200 μL cell suspension was added to the upper chamber, and 800 μL DMEM (10% fetal bovine serum) was added to the lower chamber. The chamber was cultured for 24-48 h, the cells were immobilized with 4% paraformaldehyde, and stained with 0.1% crystal violet, and the cells in the upper chamber were scraped off. Ten high power fields were randomly selected under an optical microscope and the cells in the basement membrane of the chamber were counted. These cells represented the cell invasion ability.

Follow-up
The patients were followed up for 5 years by telephone, WeChat, or clinic medical records once every three months to record their survival. OS refers to the time from the beginning of treatment to death or the last follow-up.

Statistical analysis
[bookmark: _Hlk25764566]SPSS 20.0 (SPSS, Inc., Chicago, IL, United States) was used for statistical analysis. Data in normal distribution were expressed by the mean ± standard deviation (mean ± SD). Comparisons between groups related to measurement data were carried out using the independent-samples T test, and comparisons of data at multiple time points were performed by the repeated measures analysis of variance. Back-test was performed using the Bonferroni method. Comparisons between multiple groups in means were carried out using one-way ANOVA, and post hoc comparison was performed using the LSD-t test. Receiver operating characteristic (ROC) curves were adopted to assess diagnostic value, and Pearson’s test was used to analyze correlations. The Kaplan-Meier method was used to draw the 3-year OS and 5-year OS curves of patients, and the log-rank test was used to compare these curves. Cox regression was adopted for univariate and multivariate analyses of relevant factors regarding the prognosis of patients. aP < 0.05 indicated a significant difference.

RESULTS
Diagnostic value of HULC in pancreatic cancer
The qRT-PCR results revealed that there were significant differences among the three groups in the expression of HULC in serum (bP < 0.01): The pancreatic cancer group showed significantly higher expression of serum HULC than the benign disease group and the normal group (bP < 0.01), and the benign group showed significantly higher expression of HULC than the normal group (bP < 0.01). Pearson’s test results showed that there was a positive correlation between tissues and serum in the pancreatic cancer group in terms of expression of HULC (r = 0.784, bP < 0.01). ROC curves showed that the area-under-the-curve (AUC), sensitivity, and specificity of HULC in distinguishing patients with pancreatic cancer from those with benign pancreatic diseases were 0.856, 80.00%, and 80.00%, respectively; these values for distinguishing patients with pancreatic cancer from healthy subjects were 0.975, 93.33%, and 96.67%, respectively, and those for distinguishing patients with benign diseases from healthy subjects were 0.850, 63.33%, and 95.00%, respectively (Figure 1 and Table 1).

Relationship between HULC and pathological parameters of pancreatic cancer
The relationships between serum HULC and pathological parameters in patients with pancreatic cancer were evaluated, and the results revealed that HULC was related to tumor size, T staging, M staging and vascular invasion (all P < 0.01). In addition, ROC curves showed that the AUC of HULC in determining tumor size, T staging, M staging, and vascular invasion was 0.844, 0.834, 0.928 and 0.818, respectively (Tables 2 and 3, Figure 2).

[bookmark: OLE_LINK14]Relationship between HULC and prognosis and survival of patients with pancreatic cancer
The patients with pancreatic cancer were successfully followed up for 3 or 5 years, and it was found that the 3-year OS and 5-year OS of these patients were 35.00% (21/60), and 10.00% (6/60), respectively. The median serum HULC (4.661) was taken as the cut-point. The 3-year OS and 5-year OS of patients with low expression of HULC were significantly higher than those of patients with high expression (aP < 0.05). Multivariate Cox regression revealed that T staging (aP < 0.01), M staging (aP < 0.05), vascular invasion (aP < 0.05) and HULC (bP < 0.01) were independent prognostic factors affecting the 3-year OS of patients with pancreatic cancer (Figure 3, Tables 4 and 5).

Expression of HULC in cells and its effects on biological function of cells 
qRT-PCR was performed to determine the expression of HULC in cell lines, and it was found that compared with hTERT-HPNE normal human pancreatic duct epithelial cells, BxPC3, PANC-1, AsPC-1, and CFPAC-1 cells showed significantly increased expression of HULC (all aP < 0.05). BxPC3 and PANC-1 cells with the greatest expression difference were selected for transfection, and after transfection, the siRNA-HULC group showed significantly lower expression of HULC than the siRNA-NC group (bP < 0.01). Compared with the siRNA-NC group, the siRNA-HULC group showed significantly decreased proliferation ability (aP < 0.05), significantly lower apoptosis rate and significantly lower cell invasion ability according to the CCK-8 assay, flow cytometry, and Transwell experiment, respectively (bP < 0.01) (Figure 4).

Effects of inhibiting the expression of HULC on the Wnt/β-catenin signaling pathway
Western Blot assay results showed that inhibiting the expression of HULC lowered the expression of Wnt/β-catenin signaling pathway-related proteins, β-catenin, cyclin D1 and c-myc, in BxPC3 and PANC-1 cells (all aP < 0.05). In order to further evaluate the role of HULC in regulating the Wnt/β-catenin pathway, the Wnt/β-catenin signaling pathway agonist (LiCl) was added to BxPC3 and PANC-1 cells to inhibit the expression of HULC, and demonstrated that LiCl restored the proliferation, invasion and apoptosis abilities of BxPC3 and PANC-1 cells with inhibited expression of HULC (all aP < 0.05), and caused a significant increase in the expression of β-catenin, cyclin D1 and c-myc proteins in BxPC3 and PANC-1 cells (all aP < 0.05) (Figure 5).

DISCUSSION
Pancreatic cancer is a highly malignant tumor with high morbidity and mortality[15]. It has no obvious characteristics in the early stage; thus, its diagnostic rate is relatively low, and most patients have advanced stage when diagnosed resulting in a low resection rate, recurrence, metastasis, and poor prognosis[16]. 
HULC is a lncRNA. Previous studies have confirmed that HULC is closely related to various malignant tumors such as hepatocellular carcinoma and leukemia[17-19]. This study determined the expression of HULC in tissues and serum of patients with pancreatic cancer, and it was found that cancer tissues and serum showed significantly higher expression of HULC than corresponding tumor-adjacent tissues, which indicated that HULC may be a target for the diagnosis and treatment of pancreatic cancer. We then analyzed the relationship between serum HULC and pathological features of pancreatic cancer, and found that HULC was related to tumor size, T staging, M staging and vascular invasion. A study by Peng et al[20] revealed that lncRNA HULC showed significantly up-regulated expression in pancreatic cancer tissues, and was closely related to advanced lymph node metastasis, tumor size, and vascular invasion, which were similar to our findings. In addition, we selected serum rather than pathological tissue as the test sample, as serum was easier to obtain and would cause less trauma. Imaging is the most important detection method for evaluating and identifying pathological parameters of pancreatic cancer such as TNM staging and lymph node metastasis, but the final diagnosis still depends on pathological examination[21,22]. Some existing serological indices such as CA199 lack specificity in diagnosing pancreatic cancer[23]. Based on the ROC curves, we found that HULC had good diagnostic value in distinguishing between patients with pancreatic cancer, patients with benign pancreatic diseases and healthy subjects. We also found that serum HULC had good diagnostic value in tumor size, T staging, M staging and vascular invasion. We followed up patients with pancreatic cancer for 3 or 5 years, and found that the 3-year OS and 5-year OS were 35.00% and 10.00%, respectively. Considering that pancreatic cancer is one of the malignant tumors with the lowest 5-year survival rate in humans, we conducted Cox regression analysis of the 3-year OS in patients with pancreatic cancer, and found that T staging, M staging, vascular invasion, and serum HULC were independent prognostic factors affecting the 3-year OS of these patients. Previous studies have revealed that T staging, M staging and vascular invasion are independent prognostic factors affecting the prognosis of patients with pancreatic cancer[24,25], but this is the first time that serum HULC has been confirmed to be a prognostic factor of pancreatic cancer. We preliminarily confirmed that HULC is expected to be a biomarker for the diagnosis and prognosis of patients with pancreatic cancer.
In order to determine the possible biological potential of HULC in the progression of pancreatic cancer, we transfected HULC into cell lines and found that the proliferation and invasion abilities of cells transfected with HULC were significantly inhibited and the apoptosis rate was significantly increased, which suggested that downregulation of HULC expression could inhibit the proliferation and invasion of pancreatic cancer cells and promote apoptosis. However, it is not clear which pathway is involved in HULC regulation. The Wnt/β-catenin signal transduction pathway can regulate cellular processes in tumors such as proliferation, invasion and other signaling pathways by regulating β-catenin ability[26,27]. A previous study indicated that lncRNA CUDR can control the malignant differentiation of human liver stem cells by regulating the CUDR-HULC/CUDR-β-catenin signal transduction pathway[28], and a study by Zhao et al[29] showed that lncRNA HNF1A-AS1 can accelerate proliferation and metastasis of osteosarcoma cells by activating the Wnt/β-catenin pathway. In order to understand the specific regulation mechanism of HULC in pancreatic cancer progression, we performed Western Blot assay to determine the Wnt/β-catenin signaling pathway-related proteins following inhibited expression of HULC, to assess whether down-regulating the expression of HULC affects the Wnt/β-catenin signaling pathway and to evaluate its role in tumor occurrence and development. The results showed that inhibiting the expression of HULC lowered the expression of β-catenin, cyclin D1 and c-myc. In order to further verify the role of HULC in regulating the Wnt/β-catenin pathway, LiCl was added to pancreatic cancer cells, which showed that LiCl restored proliferation, invasion and apoptosis abilities in BxPC3 and PANC-1 cells with inhibited expression of HULC, and caused a significant increase in expression of β-catenin, cyclin D1 and c-myc proteins in these cells. Therefore, inhibiting HULC may inhibit proliferation and invasion of pancreatic cancer cells and promote apoptosis by inhibiting the Wnt/β-catenin signaling pathway.
However, our study has certain limitations. We only preliminarily studied the effects of inhibiting HULC on the biological function of pancreatic cancer cells, and it is unclear which target gene HULC regulated the biological function. In addition, we did not conduct tumor formation in nude mice; thus, the tumor killing effect of HULC administration is unclear. Further investigations are required to assess whether HULC may be a potential therapeutic target for pancreatic cancer.
In conclusion, HULC is an effective marker for the diagnosis and prognosis of pancreatic cancer, which may affect the biological function of pancreatic cancer cells through the Wnt/β-catenin signaling pathway.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is a highly invasive malignant tumor in humans, which is relatively insidious in the early state and is usually confirmed in the late stage. Although significant progress has been made in the molecular diagnosis and treatment of tumors, pancreatic cancer still lacks effective biomarkers for prevention, diagnosis and prognosis. Thus, the identification of potential biomarkers related to the development, progression and prognosis of pancreatic cancer would be helpful for the diagnosis and treatment of pancreatic cancer.

Research motivation
Long-chain non-coding RNAs (lncRNAs) are involved in the development and progression of pancreatic cancer. In this study, we investigated the clinical value of lncRNA HULC in pancreatic cancer and determined its role in the progression of pancreatic cancer using in vitro experiments. However, the possible regulatory mechanism of HULC has not been well described.

Research objectives
This study aimed to determine the clinical value of HULC in pancreatic cancer and to identify its possible regulatory mechanism.

Research methods
RT-qPCR was employed to determine the expression of HULC in pancreatic cancer tissues, serum and cells. ROC curves were used to evaluate the clinical diagnostic value of serum HULC for pancreatic cancer, and Cox regression analysis was used to analyze prognostic factors in pancreatic cancer patients. Additionally, the CCK-8, flow cytometry, and Transwell assay were conducted to evaluate the proliferation, apoptosis, and invasion of pancreatic cancer cells. We found that HULC affected the biological function of pancreatic cancer cells through the Wnt/β-catenin signaling pathway.

Research results
Our results revealed that HULC was up-regulated in pancreatic cancer tissues, serum, and cells, and was an effective marker for diagnosis and prognosis of the disease. In addition, down-regulation of HULC inhibited the proliferation and invasion of pancreatic cancer cells and induced apoptosis by inhibiting the Wnt/β-catenin signaling pathway.

Research conclusions
Our study confirmed the clinical value of HULC in pancreatic cancer for the first time. HULC can affect the biological function of pancreatic cancer cells through the Wnt/β-catenin signaling pathway. Therefore, HULC may play an important role in the development and progression of pancreatic cancer. These results can provide a theoretical basis for the diagnosis, treatment and prognosis of pancreatic cancer.

Research perspectives
Our research has proved the clinical value of HULC in pancreatic cancer and its possible regulatory mechanism. Future research may focus on the biological functions of potential target genes of HULC in vitro and in vivo, and the diagnostic and therapeutic effects of HULC in pancreatic cancer require verification in clinical practice.
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[bookmark: OLE_LINK13]Figure 1 Distinguishing between patients with pancreatic cancer, patients with benign diseases and healthy subjects using HULC. A: Expression of HULC in pancreatic cancer tissues and tumor-adjacent tissues; B: Expression of serum HULC in the 3 groups; C: Correlation between pancreatic cancer tissues and expression of serum HULC; D: ROC curve of serum HULC for distinguishing patients with pancreatic cancer from those with benign diseases; E: ROC curve of serum HULC for distinguishing patients with pancreatic cancer from healthy subjects; F: ROC curve of serum HULC for distinguishing patients with benign diseases from healthy subjects. bP < 0.01, dP < 0.01 for between-group comparisons. ROC: Receiver operating characteristic.
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[bookmark: OLE_LINK11]Figure 2 Relationship between HULC and clinical pathological parameters. A: The expression of HULC in pancreatic cancer patients with different tumor sizes; B: The expression of HULC in different pancreatic cancer patients at T staging; C: The expression of HULC in different pancreatic cancer patients at M staging; D: The expression of HULC in pancreatic cancer patients without vascular invasion; E: ROC curve of HULC for diagnosing tumor size; F: ROC curve of HULC for diagnosing T staging; G: ROC curve of HULC for diagnosing M staging; H: ROC curve of HULC for diagnosing vascular invasion. bP < 0.01 for between-group comparisons. ROC: Receiver operating characteristic.
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[bookmark: OLE_LINK12]Figure 3 Relationship between HULC and prognosis and survival of pancreatic cancer. A: Relationship between high and low expression of HULC and 3-year OS of patients with pancreatic cancer; B: 5-year OS of patients with pancreatic cancer; C: Relationship between high and low expression of HULC and 5-year OS of patients with pancreatic cancer. OS: Overall survival.
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Figure 4 Expression of HULC in cells and its effects on the biological function of cells. A: The expression of HULC in cell lines; B: The expression of HULC in BxPC3 and PANC-1 cells after transfection; C. Proliferation of BxPC3 cells after transfection; D: Proliferation of PANC-1 cells after transfection; E: Apoptosis of BxPC3 and PANC-1 cells after transfection; F: Invasion of BxPC3 and PANC-1 cells after transfection; G: Cell invasion; H: Cell apoptosis. aP < 0.05, bP < 0.01 for between-group comparisons.
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Figure 5 Effects of inhibiting the expression of HULC on the Wnt/β-catenin signaling pathway. A: The expression of β-catenin, c-myc, and cyclin D1 proteins in BxPC3 cells after transfection; B: The expression of β-catenin, c-myc, and cyclin D1 proteins in PANC-1 cells after transfection; C: Proliferation of BxPC3 cells with HULC expression inhibited by LiCl; D: Proliferation of PANC-1 cells with HULC expression inhibited by LiCl; E: Apoptosis of BxPC3 and PANC-1 cells with HULC expression inhibited by LiCl; F: Invasion of BxPC3 and PANC-1 cells with HULC expression inhibited by LiCl; G: The expression of β-catenin, c-myc, and cyclin D1 proteins in BxPC3 cells with HULC expression inhibited by LiCl; H: The expression of β-catenin, c-myc, and cyclin D1 proteins in PANC-1 cells with HULC expression inhibited by LiCl; I: Protein band; J: Cell invasion; K: Cell apoptosis. aP < 0.05, bP < 0.01 for between-group comparisons.


Table 1 Distinguishing between patients with pancreatic cancer, patients with benign diseases and healthy subjects using HULC
	Parameter
	AUC
	95%CI
	SE
	Cut-off
	Sensitivity (%)
	Specificity (%)

	Pancreatic cancer group-benign disease group
	0.856
	0.788-0.923
	0.034
	> 3.690
	80.00
	80.00

	Pancreatic cancer group-normal group
	0.975
	0.950-1.000
	0.012
	> 2.915
	93.33
	96.67

	Benign disease group-normal group
	0.850
	0.781-0.919
	0.035
	> 2.659
	63.33
	95.00


AUC: Area under the receiver operating characteristic curve; CI: Confidence interval; SE: Standard error.



Table 2 Relationship between serum HULC and pathological parameters of pancreatic cancer (mean ± SD)
	Clinicopathological parameters
	n
	HULC
	t 
	P value

	Gender
	
	
	0.016
	0.987

	Male
	43
	4.994 ± 1.520
	
	

	Female
	17
	4.987 ± 1.451
	
	

	Age (yr)
	
	
	0.969
	0.336

	< 60
	35
	4.834 ± 1.498
	
	

	≥ 60
	25
	5.212 ± 1.477
	
	

	[bookmark: OLE_LINK3]Tumor size (cm)
	
	
	3.923
	< 0.001b

	[bookmark: OLE_LINK5]< 2
	29
	4.293 ± 1.368
	
	

	[bookmark: OLE_LINK6]≥ 2
	31
	5.900 ± 0.988
	
	

	[bookmark: OLE_LINK1]T staging
	
	
	5.248
	< 0.001b

	[bookmark: OLE_LINK7]T1/T2
	38
	4.354 ± 1.196
	
	

	[bookmark: OLE_LINK8]T3
	22
	6.093 ± 1.304
	
	

	N staging
	
	
	1.126
	0.265

	N0
	39
	4.743 ± 1.497
	
	

	N1
	21
	5.286 ± 1.281
	
	

	M staging
	
	
	5.120
	< 0.001b

	[bookmark: OLE_LINK9]M0
	32
	4.221 ± 1.202
	
	

	[bookmark: OLE_LINK10]M1
	28
	5.872 ± 1.295
	
	

	Differentiation
	
	
	0.829
	0.411

	High/medium
	49
	4.916 ± 1.420
	
	

	Low
	11
	5.329 ± 1.802
	
	

	Nerve involvement
	
	
	0.401
	0.690

	No
	55
	4.971 ± 1.386
	
	

	Yes
	5
	5.283 ± 2.876
	
	

	[bookmark: OLE_LINK4]Vascular invasion
	
	
	3.660
	< 0.001b

	No
	40
	4.540 ± 1.324
	
	

	Yes
	20
	5.896 ± 1.412
	
	

	Smoking history
	
	
	0.101
	0.920

	No
	36
	4.976 ± 1.405
	
	

	Yes
	24
	5.016 ± 1.637
	
	

	History of alcoholism
	
	
	0.494
	0.623

	No
	42
	4.929 ± 1.64
	
	

	Yes
	18
	5.138 ± 1.084
	
	


bP < 0.01 for between-group comparisons.


Table 3 Diagnostic value of serum HULC in clinicopathological parameter
	Pathological parameters
	AUC
	95%CI
	SE
	Cut-off
	Sensitivity (%)
	Specificity (%)

	Tumor size (cm)
	0.844
	0.746-0.941
	0.050
	> 5.408
	93.10
	64.52

	T staging
	0.834
	0.732-0.935
	0.052
	> 4.819
	90.91
	68.42

	M staging
	0.928
	0.865-0.990
	0.032
	> 5.094
	89.29
	87.50

	Vascular invasion
	0.818
	0.687-0.949
	0.067
	> 5.408
	80.00
	85.00


AUC: Area under the receiver operating characteristic curve; CI: Confidence interval; SE: Standard error.



Table 4 Assignment in Cox regression analysis
	Factors
	Variables
	Assignment

	Gender
	X1
	Male = 1, female = 2

	Age (yr)
	X2
	< 60 = 1，≥ 60 = 2

	Tumor size (cm)
	X3
	< 2 = 1，≥ 2 = 2

	T staging
	X4
	T1/T2 = 1，T3 = 2

	N staging
	X5
	N0 = 1，N1 = 2

	M staging
	X6
	M0 = 1，M1 = 2

	Differentiation
	X7
	High/medium = 1, low = 2

	Nerve involvement
	X8
	No = 1, yes = 2

	Vascular invasion
	X9
	No = 1, yes = 2

	Smoking history
	X10
	No = 1, yes = 2

	History of alcoholism
	X11
	No = 1, yes = 2

	HULC
	X12
	< 4.661 = 1，≥ 4.661 = 2





Table 5 Univariate and multivariate Cox regression analysis of factors affecting the 3-year overall survival of patients with pancreatic cancer
	Factors
	Single factor
	Multiple factors

	
	HR (95CI%)
	P value
	HR (95CI%)
	P value

	Gender
	1.195 (0.348-4.176)
	0.773
	
	

	Age (yr)
	1.549 (0.519-4.628)
	0.438
	
	

	Tumor size (cm)
	1.406 (1.092-1.812)
	0.043a
	1.138 (0.857-1.514)
	0.372

	T staging
	6.459 (1.408-29.575)
	0.017a
	12.852 (2.297-71.238)
	0.005b

	N staging
	0.564 (0.201-1.580)
	0.276
	
	

	M staging
	0.292 (0.124-0.689)
	0.005b
	0.357 (0.158-0.735)
	0.013a

	Differentiation
	0.553 (0.157-2.042)
	0.372
	
	

	Nerve involvement
	1.008 (0.991-1.022)
	0.368
	
	

	Vascular invasion
	6.108 (1.385-24.954)
	0.018a
	2.601 (1.032-6.538)
	0.041a

	Smoking history
	2.270 (0.901-1.792)
	0.175
	
	

	History of alcoholism
	2.748 (0.705-10.701)
	0.143
	
	

	HULC
	8.356 (2.128-3.846)
	0.002b
	5.817 (2.157-15.756)
	0.003b


aP < 0.05, bP < 0.01 for between-group comparisons. HR: Hazard ratio; CI: Confidence interval.
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