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Abstract
Background: Cervical cancer is estimated to be the second most common cancer among women worldwide. The discovery of new and effective therapeutic strategies targeting cervical cancer is urgently needed. Upregulation of lncRNA PVT-1 and its biological significance in several cancers has been studied. However, its role in cervical cancer remains poorly understood. This study was designed to investigate the expression, clinical significance, and biological role of PVT-1 in cervical cancer.
Methods: Expression of PVT-1was analyzed in the sera of 120 cervical cancer patients and 118 normal control women by quantitative real-time PCR (qRT-PCR). The associations between PVT-1 and clinicopathological characteristics, as well as the survival probability of patients, were analyzed by statistical analysis. pcDNA3.1 and siRNAs were used to modulate PVT-1 expression in Hela and C33A cells. In vitro assays were performed to further explore the biological functions of PVT-1 in cervical cancer cells. 
Results: The qRT-PCR results revealed high levels of expression of PVT-1 in cervical cancer patients, and PVT-1 was significantly higher in patients at advanced tumor stages and in patients whose tumor size was ≥3 cm and whose lymphatic node metastasis was positive. In addition, cervical cancer patients with high PVT-1 expression tended to have shorter overall survival than those with low PVT-1 expression. Moreover, PVT-1 overexpression promoted proliferation of Hela and C33A cells, whereas knockdown of PVT-1 induced apoptosis of Hela and C33A cells.
Conclusion: The findings of this study illustrate that increased circulating LncRNA PVT-1 is associated with poor prognosis and that PVT-1 stimulates proliferation of cervical cancer cells. These results identify an important role of PVT-1 in cervical cancer progression and a promising candidate for the prognosis and therapy of cervical cancer.
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Introduction
As the leading malignancy originating from the female reproductive system, cervical cancer is one of the main causes of cancer morbidity and mortality for women around the world.[1] In 2011, more than 275,000 women diagnosed with cervical cancer died. Most of these deaths occurred in developing countries due to regional or distant metastasis.[1, 2] Moreover, clinical outcomes vary significantly between patients and can be difficult to predict, and current knowledge about the invasion and metastasis of cervical cancer is extremely limited.[3, 4] Therefore, finding new and effective prognostic markers and therapeutic strategies for its diagnosis and prognosis has the potential to improve treatment of cervical cancer.

Long non-coding RNAs (lncRNAs) (i.e., evolutionarily conserved non-coding RNAs that are longer than 200 nucleotides and are not translated into a protein)[5, 6] exert regulatory functions in cellular processes, such as proliferation, apoptosis, tumorigenesis, and cancer progression and metastasis.[7–9] Recently, several studies of lncRNAs have indicated that they may play a pivotal role during the initiation and progression of human cancers, including cervical cancer.[10–13] In the present study, the researchers focused on the lncRNA PVT-1.

PVT-1 oncogene (PVT-1), which maps to chromosome 8q24 (8q24),[14] is a copy number amplification-associated lncRNA and exerts its influence as an lncRNA.[15–17] Amplification of 8q24 is one of the most frequent events in a wide variety of malignant diseases. Indeed, PVT-1 generates antiapoptotic activity in human cancers, and overexpression of PVT-1 is a powerful predictor of tumor progression and patient survival in hepatocellular carcinoma;[10] non-small cell lung cancer;[18] and colorectal,[12] ovarian, and breast cancers.[15] Furthermore, PVT-1 has been investigated as a new regulator of various biological processes, such as cell growth, apoptosis, mobility, and invasion.[12, 15] However, the association between PVT-1 and cervical cancer remains unclear. 

Thus, the researchers hypothesized that circulating PVT-1 might be a potent marker for cervical cancer management. In the current study, the researchers investigated PVT-1 expression in the sera of cervical cancer patients and further explored the clinical significance and biological functions of PVT-1 in cervical cancer.

Materials and Methods
Samples collection
[bookmark: OLE_LINK22][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK25]The sera samples were obtained from a panel of 120 pathologically diagnosed cervical cancer patients and 118 normal, age-matched women at the First People's Hospital of Hangzhou (Hangzhou, Zhejiang Province, China) between January 2012 and December 2014. Two milliliters of whole blood were obtained before any treatment was given to the patients, and blood samples were immediately centrifuged at 3,500 rotations per minute (rpm) for 10 minutes. Subsequently, the sera samples were carefully collected and stored at -80°C. Clinical stage and clinicopathological factors were classified using the World Health Organization (WHO) grading and TNM system of classification, respectively. All sample data—including age, gender, lymphatic node metastasis, and tumor size—are summarized in Table 1 and were obtained from the patients' clinical and pathological records. All patients were regularly followed up on, with an observation period of 60 months. The 118 normal cases were defined as healthy ones who had neither a cervical lesion nor a history of malignancy. This study was approved by the medical ethics committee of the First People's Hospital of Hangzhou. Written informed consent was obtained from all participants.

Quantitative real time PCR (qRT-PCR)
Total RNA was extracted from sera samples using the TRIzol reagent (Invitrogen, CA, USA) according to the manufacturer's instructions. RNA was reverse transcribed using the SuperScript First Strand cDNA System (Invitrogen). The expression of PVT-1 was determined by quantitative real time PCR, which was performed on an Applied Biosystems 7500 Fast Real-Time PCR system (Applied Biosystems Life Technologies, Foster City, CA, USA) and using a SYBR Premix Ex Taq II kit (Takara, Dalian City, Liaoning Province, China) according to the manufacturer's protocol. The primer sequences for PVT-1were as follows: Forward, 3′-CATCCGGCGCTCAGCT-5′ and reverse, 3′-TCATGATGGCTGTATGTGCCA-5′. GAPDH was used to normalize mRNA expression levels. The primers were forward, 5′-GTCAACGGATTTGGTCTGTATT-3′; and reverse, 5′-AGTCTTCTGGGTGGCAGTGAT-3′. The PCR conditions were 35 cycles at 95°C  for 30 seconds, at 95°C for 5 seconds, and at 60°C for 35 seconds. The relative level of PVT-1 was calculated by the 2−ΔΔCt method.

Cell culture
The human cervical cancer cell lines Hela and C33A were purchased from the American Type Culture Collection (ATCC, USA) and routinely maintained in Dulbecco's modified Eagle's medium (DMEM, Gibco) with 10% fetal bovine serum (Gibco), 100 U/ml of penicillin, and 100 mg/ml of streptomycin sulfate. All cells were cultured in a humidified 5% CO2 incubator at 37°C and used when they were in the logarithmic growth phase.

Plasmid constructs and cell transfection
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]The researchers used the pcDNA3.1vector to up-regulate PVT-1 expression. In summary, the resulting amplicon of PVT-1 was cloned into the pcDNA3.1vector (Invitrogen) to generate the PVT-1-pCDNA3.1 vector. On the contrary, RNA interference was employed to down-regulate PVT-1 expression. The sequences of PVT-1-specific siRNAs were as follows: siPVT1-1, 5′-GCUUGGAGGCUGAGGAGUUTT-3′; siPVT1-2, 5′-CCCAACAGGAGGACAGCUUTT3′. Hela and C33A cells were transfected with the PVT-1-pCDNA3.1 vector or an empty vector and siPVT1-1, siPVT1-2, or si-control using Lipofectamine 2000 (Invitrogen) according to the manufacturer's directions. Cells were incubated in a humidified air atmosphere containing 5% CO2 at 37°C for 24 hours before use in assays. 

CCK-8 assay detects cell proliferation
Cell proliferation was detected by the CCK-8 assay. In summary, Hela and C33A cells were seeded in a 96-well plate and transfected with PVT-1-pCDNA3.1 or empty vector pCDNA3.1. After incubation for 0 hours, 12 hours, 24 hours, and 48 hours, 10 μl of CCK-8 solution (Seven Sea Biology Ltd. CO, Shanghai, China.) was added to each well, and the plate was incubated for four hours in a humidified atmosphere at 37°C. Finally, the viability of the cells was measured at 405 nm using an ELISA reader (BioTek, Winooski, VT, USA) according to the manufacturer's instructions. All experiments were performed in triplicate and then the average value was calculated. 

Quantification of apoptosis by flow cytometry
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK10][bookmark: OLE_LINK9]The cell apoptosis was detected by Annexin V-PI double-labeling staining. In brief, an Annexin V (AV) kit and propidium iodide (PI) was purchased from Invitrogen. Hela and C33A cells were seeded in a 96-well plate and transfected with siPVT1-1, siPVT1-2, or a siPVT1 control for 24 hours. Subsequently, cells were washed twice with ice-cold phosphate-buffered saline (PBS, pH 7.4), re-suspended in100 μl of binding buffer, and then stained with 5 μl of Annexin V staining solution and 1 μl of PI working solution (100 μg/ml). The labeled cells were incubated for 15 minutes at room temperature in the dark and immediately analyzed using a FACSCalibur (Becton-Dickinson, Drive Franklin Lakes, USA) and the CellQuest software according to the manufacturer's instructions. The experiment was repeated three times.

Statistical analysis
SPSS version 18.0 software was used for the analysis (SPSS Inc., IL, USA). All the experiments were repeated at least three times. Data were expressed as mean ± SD. A Mann-Whitney U test was used to determine differences between the two groups, and overall survival was estimated using the Kaplan-Meier method and log-rank test. Findings were considered significant when P＜0.05 or P＜0.01.

Results
LncRNA PVT-1 expression is upregulated in the sera of cervical cancer patients
Abnormal expression of PVT-1 has been found to be a prognostic indicator for human cancer patients.[10, 12, 15, 18] In the current study, to investigate the clinical significance of PVT-1 in cervical cancer, the researchers first examined PVT-1 expression levels in the sera of 120 cervical cancer patients and 118 normal controls by qRT-PCR. As shown in Figure 1, compared to the normal controls, the expression of PVT-1 was significantly upregulated in the sera of cervical cancer patients (P<0.0001, Fig. 1). The data indicated that abnormal PVT-1 expression may be related to cervical cancer pathogenesis.
[image: Figure 1]
[bookmark: OLE_LINK19][bookmark: OLE_LINK21]Figure 1: Circulating PVT-1 is upregulated in cervical cancer patients. qRT-PCR analyses of PVT-1expression levels in the sera of cervical cancer patients and normal controls. Results are expressed as mean ± SD for three replicate determinations. **P < 0.01.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Correlations between PVT-1 and clinicopathological characteristics, as well as cervical cancer patients' prognosis 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Up-regulated lncRNA PVT-1 expression may serve as a new biomarker and a potential therapeutic target for several human cancers.[10, 18, 19] Therefore, the researchers further explored correlations between PVT-1 expression and clinicopathological characteristics. The results of the present study revealed that PVT-1 expression was much higher in patients at advanced tumor stages (stages III and IV) (P<0.0001, Fig. 2A). To uncover the correlation between PVT-1 expression and tumor size—as well as lymphatic node metastasis—120 cervical cancer patients underwent an appropriate operation. The researchers found that PVT-1 was significantly higher in patients whose tumor size was ≥3 cm (P=0.0218, Fig. 2B) and whose lymphatic node metastasis was positive (P<0.0001, Fig. 2C). These results indicate that PVT-1 expression was positively associated with WHO grading, tumor size, and lymphatic node metastasis. 

To perform follow-up analysis, the 120 patients with cervical cancer were divided into a high PVT-1 expression group (n=60) and a low PVT-1 expression group (n=60). The association between PVT-1 expression and the survival of cervical cancer patients was investigated by Kaplan-Meier analysis and the log-rank test. As the Kaplan-Meier curve has shown, cervical cancer patients with high PVT-1 expression tend to have shorter overall survival than those with low PVT-1 expression (log-rank test, P < 0.05, Fig. 2D). Kaplan‑Meier analysis indicated that a high level of PVT-1 was significantly related with a short period of overall survival. All these results indicate that abundant PVT-1 expression is involved in poor prognosis in cervical cancer.
[image: Figure 2]
Figure 2: Correlations between circulating PVT-1 and clinicopathological characteristics, as well as patients' prognosis. PVT-1 expression was significantly higher in patients at advanced tumor stages (stages III and IV, A) and in patients whose tumor size was ≥3 cm (B) and whose lymphatic node metastasis was positive (C), *P < 0.05. Kaplan-Meier overall survival curves for 120 patients with cervical cancer classified according to PVT-1 expression level: significantly shorter survival times for patients with high PVT-1 expression than for those with low PVT-1 expression, *P < 0.05 (D).

[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Up-regulation of PVT-1 promotes proliferation of Hela and C33A cells
Next, the researchers conducted PVT-1 overexpression assays using the pcDNA3.1vector to investigate the biological function of PVT-1 transcripts in cervical cancer cells. A CCK-8 assay was also performed to detect cell proliferation of Hela and C33A cells. qRT-PCR analysis showed that after transfection with PVT1-pCDNA3.1, both Hela and C33A cells showed significantly increased mRNA expression of PVT-1 compared to the pcDNA3.1 group (Fig. 3A). The results suggest that the researchers successfully upregulated PVT-1 expression in human cervical cancer cells. In addition, data from the CCK-8 assay revealed that proliferation of Hela and C33A cells was remarkably higher in PVT1-pCDNA3.1 transfected cells than in the pcDNA3.1 group (Fig. 3B, 3C). This suggests that PVT-1 overexpression significantly promoted cell proliferation in both cervical cancer cell lines. 
[image: Figure 3]
Figure 3: LncRNA PVT-1 overexpression appears to promote cell proliferation of Hela and C33A cells. Hela and C33A cells were transfected with PVT1-pCDNA3.1 or empty vector pCDNA3.1 for 24 hours, and then the expression of lncRNA PVT-1 was measured by qRT-PCR (A). Hela and C33A cells were transfected with PVT1-pCDNA3.1 or the empty vector pCDNA3.1. After transfection for 0 hours, 12 hours, 24 hours, and 48 hours, a CCK-8 assay was conducted to determine the proliferation of Hela (B) and C33A cells (C). **P<0.01.

3.4 Knockdown of PVT-1 appears to promote apoptosis in Hela and C33A cells 
[bookmark: OLE_LINK20]To further investigate the role of PVT-1 in human cervical cancer, PVT-1 specific siRNAs (si-PVT1-1 and si-PVT1-2) were transfected into Hela and C33A cells, respectively. Nonspecific siRNA was used as a negative control (si-control). The researchers investigated the role of PVT-1 in Hela and C33A cell apoptosis by Annexin V-PI double-labeling staining and flow cytometry. Using qRT-PCR, the researchers confirmed that PVT-1 expression in Hela and C33A cells transfected with PVT-1-specific siRNAs was significantly lower than that in cells transfected with the si-control (Fig. 4A). Moreover, flow cytometry analysis revealed that apoptosis in Hela and C33A cells was remarkably higher in si-PVT1-1 and si-PVT1-2 transfected cells than in the si-control group (Fig. 4B, 4C). These data suggest that down-regulation of PVT-1 promoted apoptosis in cervical cancer cells. 
[image: Figure-4]
Figure 4: Knockdown of PVT-1 appears to promote apoptosis in Hela and C33A cells. qRT-PCR analysis showed that PVT-1 expression levels of both cell lines transfected with si-PVT1-1 or si-PVT1-2 were significantly lower than those of si-control cells (A). Annexin V-PI double staining and flow cytometry were performed to analyze apoptosis in Hela and C33A cells. The cell apoptosis percentages of Hela and C33A cells with or without PVT-1 knockdown (B). Statistical analysis of apoptosis in Hela and C33A cells (C). **P<0.01.

Discussion
Cervical cancer is currently the second most common female cancer and remains a leading cause of cancer-related deaths worldwide.[20] Emerging evidence has suggested that lncRNAs play oncogenic or tumor-suppressive roles in cervical cancer, including upregulated lncRNA HOTAIR expression[21] and downregulated expression of lncRNA MALAT1,[22] lncRNA MEG3,[23] and lncRNA GAS5.[13] Moreover, several published reports have revealed that PVT-1 contributes to cancer pathophysiology, and the human PVT-1 oncogene has been revealed to be markedly up-regulated in a series of human cancers,[15, 24] including colorectal,[12] ovarian, and breast cancers.[15] However, the role of lncRNA PVT-1 expression in cervical cancer and the underlying mechanism behind it is still unclear.

[bookmark: _Hlk500255918][bookmark: _Hlk500255940]In the current study, the clinical significance of PVT-1 was initially analyzed in the sera of 120 pathologically diagnosed cervical cancer patients and 118 normal, age-matched women. By using qRT-PCR, the research data showed that PVT-1 was significantly upregulated in cervical cancer patients (Fig. 1). Similar upregulated PVT-1 expression has been found in previous studies. An interesting study on ovarian and breast cancers indicated that PVT-1 contributes independently to ovarian and breast pathogenesis when overexpressed.[15] Expression levels of lncRNA PVT-1 have also been found to be significantly increased in colorectal cancer tissues,[12] hepatocellular carcinoma tissues,[10, 19] lung cancer tissues and cells.[18] The high expression levels of PVT-1 in these cancers might represent a novel biomarker for predicting tumor recurrence in cancer patients and a potential therapeutic target for cancer intervention.

Subsequently, the researchers investigated correlations between PVT-1 expression and clinicopathological characteristics. qRT-PCR analysis demonstrated that PVT-1 expression was significantly higher in patients at advanced tumor stages (stages III and IV) (Fig. 2A), as well as in patients whose tumor size was ≥3 cm (Fig. 2B) and whose lymphatic node metastasis was positive (Fig. 2C), suggesting that PVT-1 expression was positively associated with WHO grading, tumor size, and lymphatic node metastasis. A follow-up analysis was performed to further explore the association between PVT-1 expression and the survival of cervical cancer patients. Kaplan‑Meier analysis indicated that abundant PVT-1 expression was significantly correlated with a short period of overall survival and with poor prognosis in cervical cancer (Fig. 2D). These findings are consistent with those of previous studies. Patients with high lncRNA PVT-1 expression have proven to have a significantly poorer clinical prognosis than those with low PVT-1 expression.[12, 19] Moreover, the amplification of PVT-1 has been associated with reduced survival duration in several studies and has been used as an independent prognostic marker for overall survival of cancer patients.[15, 18, 25]

[bookmark: OLE_LINK24][bookmark: OLE_LINK23]In the follow-up experiment, the researchers used a pcDNA3.1 vector to up-regulate PVT-1 expression and then investigate the biological function of PVT-1 transcripts in two cervical cancer cell lines: Hela and C33A cells. CCK-8 assay revealed that PVT-1 overexpression appeared to significantly promote cell proliferation of Hela and C33A cells (Fig. 3B, 3C), which also supported previous research results suggesting that lncRNA PVT-1 promotes cell proliferation in hepatocellular carcinoma cells[19] and that knockdown of PVT-1 significantly inhibits colorectal cancer cell proliferation.[12] 

On the other hand, several groundbreaking studies on cell apoptosis have indicated that inhibition of PVT-1 expression also induces a strong apoptotic response in cell lines in which it is overexpressed,[15] and down-regulated PVT-1 promotes colorectal cancer cell apoptosis.[12] In addition, the amplification of PVT-1 has been associated with reduced survival duration in patients treated with agents that act through apoptotic mechanisms.[15] In this study, PVT-1-specific siRNAs (si-PVT1-1 and si-PVT1-2) were used to further investigate the biological functions of PVT-1in Hela and C33A cells. The results of Annexin V-PI double-labeling staining and flow cytometry revealed that forced downregulation of PVT-1 appeared to promote apoptosis in Hela and C33A cells (Fig. 4B, 4C), suggesting that PVT-1 may play an oncogenic role in cervical cancer. Additional studies are required to focus on the underlying molecular mechanism of PVT-1 in cervical cancer. 
[bookmark: _GoBack]In summary, the researchers demonstrated that circulating PVT-1, which encodes an lncRNA and maps to 8q24, was commonly upregulated in cervical cancer patients and significantly correlated with advanced tumor stage, tumor size, and lymphatic node metastasis. In addition, the upregulation of PVT-1 was associated with short survival duration, suggesting that PVT-1 plays a key role in cervical cancer progression. Moreover, abnormal expression of PVT-1 appeared to exercise great influence over Hela and C33A cell proliferation and apoptosis. Thus, the findings of the present study indicate that PVT-1 is a promising prognostic indicator and therapeutic target for cervical cancer. Further study is required to understand the underlying mechanism of apoptosis inhibition by PVT-1. 
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