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Abstract
Aim: Plasmacytoma variant translocation 1 (PVT1), a long intergenic non-coding RNA, was overexpressed in liver 
cancer. A single nucleotide polymorphism (SNP) rs4733586 was identified as an expression quantitative trait 
loci (eQTL) for PVT1  using bioinformatics analysis. This study was to assess the association of PVT1  eQTL with 
hepatocellular carcinoma (HCC) prognosis.

Methods: A case-only study was performed to assess the association between SNP and HCC overall survival in 
331 HCC patients with hepatitis B virus. Cox proportional hazard regression models were conducted for survival 
analysis with adjustment for age, gender, smoking status, drinking status, Barcelona-Clinic Liver Cancer stages, 
and chemotherapy or transcatheter hepatic arterial chemoembolization (TACE) status. 

Results: The variant genotype C allele of rs4733586 was significantly associated with a higher death risk 
compared with T allele (adjusted hazard ratio = 1.26, 95% confidence intervals = 1.05-1.51, P  = 0.012 in the additive 
model). By stepwise Cox proportional hazard analysis, four variables (age, drinking status, chemotherapy or TACE 
status, PVT1  eQTL) were remained in the final regression model. In the stratified analysis, no heterogeneity was 
observed among different subgroups. 

Conclusion: These findings suggest that eQTL SNP for PVT1  may be susceptibility marker for the HCC overall 
survival.
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INTRODUCTION
Liver cancer is the second most common cause of cancer death in the world, of which hepatocellular 
carcinoma (HCC) is the predominant form[1]. Ranked as the sixth most common form of cancer, HCC 
is also the third leading cause of cancer death[2]. In previous study, 3-year survival rate among patients 
at intermediate stages was 50%, whereas among those at advanced stage was just 8%[3]. Although several 
therapies including radiofrequency ablation, liver transplantation, tumor resection and some others are the 
potentially effective treatments for HCC, HCC still has a poor 5-year survival rate of about 7%[4,5]. Due to 
different factors of disease and the poor survival outcomes of HCC patients, it is crucial to identify beneficial 
molecular biomarker to guide individualized treatment and to improve the prognosis of cancer patients.

Non-coding RNAs (ncRNAs) are emerging as novel regulatory factor in the cancer paradigm[6]. Long 
noncoding RNAs (lncRNAs), longer than 200 nucleotides in length, are evolutionarily conserved non-
protein coding RNAs[7]. LncRNAs have been reported to play an important role in various biological 
processes related to cancer progressions, such as proliferation, apoptosis and invasion. Plasmacytoma 
variant translocation 1 (PVT1), a long intergenic non-coding RNA, is located in the chr8q24.21 region[7]. 
Chromosome 8q24 contains a locus conferring an increased risk for multiple cancers[8]. Recently, several 
studies have found that PVT1 was functioned as an oncogene and was overexpressed in human tumors 
including cervical cancer, serous melanoma and prostate cancer[9]. In addition, it was also reported that 
PVT1 overexpression was associated with clinicopathological features and reduced patients’ survival times[9]. 
However, the potential function of PVT1 expression quantitative trait loci (eQTL) in the prognosis of HCC 
has been rarely discussed.

In this study, we identified one single nucleotide polymorphism (SNP) (rs4733586) that may be the eQTL 
for PVT1 (http://www.regulomedb.org) by using the bioinformatics analysis. Therefore, we thought that the 
SNP rs4733586 may be likely to regulate the expression of PVT1. Here, we assumed that PVT1 eQTL may 
contribute to the development and progression of HCC. To verify our hypothesis, we examined the effect of 
the PVT1 eQTL (rs4733586) on the HCC prognosis of 331 patients from Han population.

METHODS
Study subjects
This study was authorized by the local institutional review board at Nanjing Medical University. After 
approval by the ethics committees, all the participants were given written informed consent, and the 
registration of the participants was described before[10,11]. In brief, all the patients were consecutively 
recruited from Nantong Tumor Hospital and the First Affiliated Hospital of Nanjing Medical University, 
Jiangsu, China[12], and were face-to-face interviewed to collect the demographic information including age, 
gender, smoking and drinking status. We recruited patients with HCC with hepatitis B virus (HBV) and 
excluded those with hepatitis C virus (HCV). All the subjects were diagnosed as HCC by histopathological 
examination. To construct a relatively homogeneous population, our study was limited to HCC patients 
who have not undergone surgery in intermediate stage (B) or advanced stage (C) according to the Barcelona 
Clinic Liver Cancer (BCLC) staging system[13]. Eventually, 331 of 414 intermediate or advanced HCC patients 
completed the follow-ups with the response rate of 80.0% and were performed the survival analysis. We 
followed up the study subjects every 3 months from the time of recruitment until the death or the last time 
of follow-up (January 2013).
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Serological testing
As described in previous study[11], HBsAg, anti-HBs, anti-HBc and anti-HCV were detected from every 
patient’s collected serum by following the step of the enzyme-linked immunosorbent assay (Kehua Bio-
engineering Co., Ltd., Shanghai, China). 

SNP selection and genotyping
We found one common eQTL SNP (rs4733586) in the intron region of lncRNA PVT1 based on the criteria 
of minor allele frequency (MAF) > 0.05 in Han Chinese from Regulome database. The genomic DNA was 
extracted from the leukocyte pellet by a series of treatments using conventional methods[14]. Then, we use the 
Sequenom Mass ARRAY iPLEX platform (Sequenom Inc) to genotype the SNP rs4733586. The information 
of primers was shown in Table 1. To reduce the false positive rates and error rates, three blank (water) 
controls were detected in each 384-well plate during samples testing every time. To controlling the quality 
and yield a 100% concordance rate, more than 10% samples were randomly selected to repeat. 

Statistical analysis
We calculated the median survival time (MST), and if the MST could not be calculated, then we use the 
mean survival time instead. Univariate and multivariable Cox proportional hazard regression analysis 
was performed to estimate the crude or adjusted hazard ratio (HR) and their 95% confidence intervals 
(CI), with adjustment of age, gender, smoking status, drinking status, BCLC stage, and chemotherapy or TACE 
(transcatheter hepatic arterial chemoembolization) status. The stepwise Cox regression model was also conducted 
to identify predictive factors of HCC prognosis, with a significance level set at P < 0.050 for entering and 
P ≥ 0.050 for removing the respective explanatory variables. The heterogeneity between subgroups was 
evaluated using the chi-square-based Q-test. All the statistical analyses were carried out by the R software 
(Version 3.4.2, 2017-09-28; R Foundation for Statistical Computing, http://www.cran.r-project.org/).

RESULTS
The demographic characteristics and clinical features of the 331 HCC patients were summarized previously[11,12]. 
Briefly, 258 of 331 HCC patients were deaths at the last time of follow-up. By univariate analysis, drinking 
status and chemotherapy or TACE status were significantly associated with the survival time (log-rank 
P = 0.006 and P ≤ 0.001 respectively). Obviously, alcohol-drinking was a risk factor of death (HR = 1.43, 
95%CI = 1.11-1.84), yet Chemotherapy or TACE was a protective factor (HR = 0.39, 95%CI = 0.29-0.51).

The polymorphisms of PVT1 rs4733586 and it’s association with HCC survival in different genetic models 
(additive models, dominant model and recessive model) were examined by log-rank test and Cox regression 
analyses. As shown in Table 2, patients with variant genotype CC had a higher risk of death than those 
with homozygous wild-type TT (adjusted HR = 1.59, 95%CI = 1.13-2.26, P = 0.008) after adjusting for age, 
gender, smoking status, drinking status, BCLC stage, and chemotherapy or TACE status. Furthermore, the 
results of the additive model analysis were also significant (adjusted HR = 1.26, 95%CI = 1.05-1.51, P = 0.012). 
Kaplan-Meier plot of HCC-specific overall survival by rs4733586 genotypes was shown in Figure 1. The 
results showed that there was a statistical significance between genotype of rs4733586 and HCC survival 
(log-rank P = 0.039). Stepwise Cox proportional hazard analysis was then preformed to evaluate the effect of 
demographic characteristics, clinical features and rs4733586 on HCC survival [Table 3]. We found that four 

Tian et al. Hepatoma Res 2018;4:27 I http://dx.doi.org/10.20517/2394-5079.2018.24                                                    Page 3 of 7

Table 1. Information of primers for Sequenom MassARRAY iPLEX

SNP Primer Sequence (5’-3’)
rs4733586 2nd-PCR Primer ACGTTGGATGCAGATTGGAGAGTAGTGGCT

1st-PCR Primer ACGTTGGATGACATCCGCCCTGGGTGATTC

Extend Primer GTAGTGGCTCATCACA

SNP: single nucleotide polymorphism; PCR: polymerase chain reaction



variables(age, drinking status, chemotherapy or TACE status, PVT1 eQTL) remained in the final regression 
model, with a significant level of 0.050 for entering (P < 0.0001 for chemotherapy or TACE status, P = 0.0012, 
0.0029 and 0.0136 for drinking status, age and rs4733586, respectively). However, in the stratified analysis 
[Table 4], no heterogeneity was noted among different age, gender, smoking status, drinking status, BCLC 
stage and chemotherapy or TACE status.

DISCUSSION
In this present case cohort study, we genotyped the PVT1 eQTL (rs4733586) among 331 HCC patients and 
shed light on that the variants of SNP were significantly associated with poor prognosis in HCC.

Several studies have shown that some locus located in PVT1 had potential risks to cancer.For example,one 
genome-wide association study identified a locus (rs1561927) at 8q24.21 that located 455 Kb telomeric of 
PVT1 associated with pancreatic cancer risk[15]. In a comprehensive genome-wide analysis, the authors 
identified lncRNA PVT1 that may be involved in HCC cells metastasis by comparing lncRNAs expression 
profiles[16]. Therefore, it is reasonable to believe that the key locus on the lncRNA PVT1 may be associated 
with the progress of HCC.

Since thousands of new lncRNAs have been explored in the ENCODE project and RNA-seq analysis, the 
genetic variation and biological function of lncRNAs are becoming hot topics in cancer[12]. SNP rs4733586 
was identified as an eQTL for PVT1 using bioinformatics analysis. PVT1 oncogene encodes a long noncoding 
RNA and maps to chromosome 8q24.21[17]. The well-characterized myelocytomatosis (MYC) oncogene also 
resides in the 8q24.21 region[18], and PVT1 is located downstream of MYC in this chromosomal region[9]. 
Moreover, PVT1 has been shown to be important for expression of MYC in tumors[19]. MYC activation 
may inf luence cancer immunoediting through the suppression of immune surveillance against tumor 

Table 2. The association between polymorphisms of PVT1  genes with HCC overall survival

Genotypes Patients Deaths MST (month) Crude HR 
(95% CI)

Adjusted HR 
(95% CI)a P a

PVT1  rs4733586

  TT 95 73 13.5 1.00 1.00

  TC 153 115 14.9 0.85 (0.63-1.14) 1.06 (0.78-1.44) 0.712

  CC 77 67 12.6 1.25 (0.90-1.75) 1.59 (1.13-2.26) 0.008

Additive model 1.11 (0.93-1.33) 1.26 (1.05-1.51) 0.012

Dominant model

  TT 95 73 13.5 1.00 1.00

  TC/CC 230 182 14.3 0.96 (0.73-1.26) 1.21 (0.91-1.61) 0.191

Recessive model

  TT/TC 248 188 14.7 1.00 1.00

  CC 77 67 12.6 1.39 (1.05-1.84) 1.54 (1.15-2.05) 0.004

aAdjusted for age, gender, smoking, drink, chemotherapy/TACE and BCLC stage. PVT1: plasmacytoma variant translocation 1; HCC: 
hepatocellular carcinoma; MST: median survival time; HR: hazard ratio; CI: confidence intervals; TT: wild-type allele; TC: heterozygous 
mutant allele; CC: homozygous mutant allele; TACE: transcatheter hepatic arterial chemoembolization; BCLC: Barcelona-Clinic Liver 
Cancer

Table 3. Stepwise Cox regression analysis on HCC overall survival

Variables b SE HR 95% CI P
Chemotherapy/TACE -1.2246 0.1540 0.29 0.22-0.40 < 0.0001

Drinking (yes vs.  no) 0.4423 0.1369 1.56 1.19-2.04 0.0012

Age (≤ 53 years vs.  ＞ 53 years) -0.4010 0.1348 0.67 0.51-0.87 0.0029

rs4733586 (additive model) 0.2263 0.0917 1.25 1.05-1.50 0.0136

b: the estimated parameter of the regression model; SE: the standard error of the regression model; HCC: hepatocellular carcinoma; TACE: 
transcatheter hepatic arterial chemoembolization; HR: hazard ratio; CI: confidence intervals
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cells. During tumor progression, high MYC expression results in increased expression of CD47 and PD-L1, 
suppressing both the innate and the adaptive immune response and favoring tumor growth[20]. Previous 
studies had shown that there was a significant relationship between PVT1 overexpression and poor 
overall survival of patients with gastric cancer, gynecology cancer and lung cancer[7]. Ding et al.[21] found 
that the relative expression levels of PVT1 were significantly higher in cancerous tissues compared with 
the corresponding non-cancerous tissues. Other research group demonstrated that PVT1 promotes cell 
proliferation, cell cycling, and the acquisition of stem cell-like properties in HCC cells by stabilizing NOP2 
protein, and HCC patients with high PVT1 expression had a poor prognosis[22]. All these conclusions can be 
consistent with the results of this study. 

Table 4. Stratification analysis of rs4733586 genotypes and HCC overall survival

Variables
      rs4733586 (patients/deaths) Adjusted HR P  for 

heterogeneityTT TC CC (95% CI)a

Age, years 0.146

  ≤ 53 49/38 83/65 37/32 1.05 (0.82-1.33)

  > 53 46/35 70/50 40/35 1.37 (1.05-1.79)

Gender 0.485

  Male 77/59 138/103 65/56 1.18 (0.97-1.44)

  Female 18/14 15/12 12/11 1.40 (0.91-2.17)

Smoking 0.721

  Never 38/31 57/37 24/22 1.14 (0.85-1.56)

  Ever 57/42 96/78 53/45 1.23 (0.98-1.54)

Drinking 0.634

  Never 36/28 68/46 22/20 1.12 (0.80-1.55)

  Ever 59/45 85/69 55/47 1.23 (0.99-1.53)

BCLC stage 0.071

  Stage B 89/68 142/106 69/61 1.29 (1.07-1.55)

  Stage C 6/5 11/9 8/6 0.56 (0.23-1.36)

Chemotherapy/TACE 0.135

  No 33/26 32/26 25/25 1.27 (0.94-1.71)

  Yes 62/47 121/89 52/42 0.96 (0.77-1.19)

aAdjusted for age, gender, smoking, drink, Chemotherapy/TACE and BCLC stage. HCC: hepatocellular carcinoma; HR: hazard ratio; CI: 
confidence intervals; TACE: transcatheter hepatic arterial chemoembolization; BCLC: Barcelona-Clinic Liver Cancer; TT: wild-type allele; 
TC: heterozygous mutant allele; CC: homozygous mutant allele.

HCC survival

Log-rank P  = 0.039
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Figure 1. Kaplan-Meier plots of HCC-specific overall survival by PVT1  eQTL rs4733586 genotypes, log-rank P  = 0.039. X-axis: HCC 
patients’ survival time (months); Y-axis: HCC patients’ survival probability. “Red line” denotes patients carrying homozygous wild-type 
TT alleles; “blue line” denotes those with heterozygous TC alleles; “black line” denotes those with variant CC alleles. HCC: hepatocellular 
carcinoma; PVT1 : plasmacytoma variant translocation 1; eQTL: expression quantitative trait loci; TT: wild-type allele; TC: heterozygous 
mutant allele; CC: homozygous mutant allele
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However, there are several limitations of the study that need to be addressed in further studies. Firstly, the 
further verification needs to be conducted. A series of large-scale studies are needed to verify the associations 
between the eQTL in PVT1 and the HCC prognosis. Secondly, there was few biological functional experiments 
conducted to provide additional evidence. 

In conclusion, it was the first study to examine the association of PVT1 eQTL with HCC prognosis. We 
found that rs4733586 might be served as a susceptibility marker for HCC survival.
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