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Abstract: PVT1 has been reported to be involved in the tumorigenesis and development of different cancers. How-
ever, the role of PVT1 in hepatocellular carcinoma (HCC) remains unclear. In this study, we applied gene microar-
ray analysis to detect differentially expressed genes (DEGs) between PVT1 RNAIi groups and controls. We initially
investigated and confirmed PVT1 expression in HCC using The Cancer Genome Atlas (TCGA). The potential genes
and pathways associated with PVT1 were also analyzed. We also performed bioinformatics analyses (Gene Ontology
(GO), pathway, Kyoto Encyclopedia of Genes and Genomes (KEGG), and network analyses) to explore the underly-
ing pathways and networks of these potential genes. We selected DLC1 for further analysis. Based on the TCGA
database, PVT1 was markedly up-regulated in HCC, whereas DLC1 was down-regulated. Moreover, PVT1 expression
negatively correlated with DLC1 in HCC, an observation that has been further validated in different cohorts with
Oncomine. High expression of PVT1 was positively associated with gender, race, vascular invasion and pathological
grade in HCC. Additionally, the ROC curve indicated that both PVT1 and DLC1 have high diagnostic value in HCC.
We speculated that PVT1 might play a significant role in HCC development and progression via regulation of vari-
ous pathways and genes, especially DLC1 and the Hippo signaling pathway. However, this mechanism should be
confirmed by functional experiments.
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Introduction 200 nucleotides to 100 kilobases [10-12].
Various IncRNAs have been demonstrated to
play significant roles in epigenetic gene regula-
tion, transcriptional regulation, and disease
development [13-15]. More importantly, due to
their wide distribution in the nucleus, INCRNAs
can regulate the transcription of adjacent genes
by combining the transcription factors or poly-
merases [16-18]. Accumulating evidence has
confirmed that differential IncRNA expression
could affect the progression of HCC by regulat-
ing the self-renewal ability of liver cancer stem
cells and other biological functions, including
proliferation, invasion, metastasis and apopto-
sis [19-22]. Moreover, several publications have
reported that the ectopic expression of IncRNAs
Long non-coding RNAs (IncRNASs) refer to non- might be related to chemotherapy resistance
protein coding RNAs with a length varying from seen in HCC patients [23, 24].

Hepatocellular carcinoma (HCC) remains the
most common liver malignancy worldwide, with
an extremely high mortality rate [1-4]. In China,
chronic infection of hepatitis B virus (HBV) has
become the leading cause of HCC [2, 5]. Though
the most effective treatment is surgery, includ-
ing liver transplantation and tumor resection,
high rates of metastasis and postoperative
recurrence remain an obstacle for long-term
survival of HCC patients [6-9]. As current treat-
ment strategies are unsatisfactory, it is essen-
tial to explore the underlying mechanism of
HCC, which might provide novel insights for the
diagnosis and treatment of HCC patients.
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Figure 1. Flow chart of this study. To explore the different expression of PVT1

SMMC-7721 was purchased

from American Type Culture

Collection (ATCC), and all ce-

lls were cultured in Dulbe-
Pi ti i li

cco’'s Modified Eagle’'s Me-
dium (DMEM) supplemented
with 10% fetal bovine serum
(FBS) and 1% penicillin/st-

in HCC and normal liver, we combined the gene expression profile with si- reptqmycin at _3_7_°C Vf/ith 5%
lencing PVT1 expression and GEO, TCGA and MEM databases to explore the CO, in a humidified incuba-
potential genes related to PVT1. Bioinformatics analyses, including GO, KEGG tor. The Lenti-siRNA vector
and network analysis, were applied to investigate the potential functions, for PVT1 was synthesized by
pathways and networks of the potential genes. The clinicopathological sig- . ;
nificance of PVT1 and the potential genes was also explored based on TCGA. GeneChem (Shanghai, Chi

LncRNA PVT1 is located on 824, a known can-
cer-related region [25]. PVT1 functions as an
oncogene by participating in DNA rearrange-
ment or through interacting with MYC and
encoding microRNA [26]. Several studies have
confirmed that overexpression of PVT1 could
accelerate the development and progression of
cancers and reduce the chemosensitivity of
cancer patients [27-31]. Although it has been
shown that PVT1 exhibits high expression in
HCC, promotes proliferation and predicts recur-
rence compared with normal tissues, the func-
tions and mechanism of tumor formation and
progression with respect to PVT1 in HCC remain
elusive [32-34].

In the present study, we sought to explore the
differential expression of PVT1 in HCC and nor-
mal liver. Furthermore, we combined the gene
expression profile with a silenced PVT1 expres-
sion profile and used Gene Expression Omnibus
(GEO), The Cancer Genome Atlas (TCGA), and
Multi Experiment Matrix (MEM) databases to
explore potential genes related to PVT1 in
HCC. Bioinformatics analysis, including Gene
Ontology (GO), Kyoto Encyclopedia of Genes
and Genomes (KEGG) and network analysis,
were applied to investigate the potential func-
tions, pathways and networks of identified
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na) (sense: 5-CCCAACAGG-

AGGACAGCUUTT-3’; antisen-
se: 5-AAGCUGUCCUCCUGUUGGGTT-3’). SiRNA
vectors of PVT1 were transfected into HCC cell
lines based on the manufacturer’s protocol.

Gene microarray analysis

The gene microarray hybridization and sample
analysis were performed by Kangchen Bio-tech
(Shanghai, China). Briefly, mRNA was extracted
from the total RNA after removing the rRNA
(MRNA-ONLY Eukaryotic mRNA Isolation Kit,
Epicentre Biotechnologies, Madison, USA).
Then, a random priming method was used to
transcribe and amplify the RNA into fluorescent
cRNA. The Human MRNA Array v3.0 (8 x 60 K,
Arraystar, Rockville, MD, USA) was utilized to
label and cross cRNAs. The Agilent Feature
Extraction software (version 11.0.1.1) was
used to obtain the original data. Quantile nor-
malization and data analysis were conducted
by the GeneSpring GX v12.1 (Agilent Techno-
logies). Differentially expressed genes (DEGS)
between PVT1 RNAi and control groups were
identified as a fold change (FC)>2, and P<0.05
was the cut-off.

Identification of potential genes and pathways
associated with PVT1

To further analyze the potential genes, path-
ways and functions associated with PVT1, three

Am J Transl Res 2017;9(9):3904-3917
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Figure 2. Gene clip after PVT1 knock-down in HCC. A. Volcano plot of differentially expressed genes in PVT1-control
and PVT1-RNAI groups; red dots indicate differentially expressed genes with |FC|>2 and P<0.05. Gray dots indicate
genes with expression of |FC|<2 or P>0.05. One hundred ninety-five up-regulated genes and 60 down-regulated
genes were significantly differentially expressed in the PVT1-control and PVT1-RNAi groups with fold change >2,
P<0.05. B. Box-scatter plot of differentially expressed genes in PVT1-control and PVT1-RNAi groups; the X axis
represents the normalized mean value of the PVT1-control group, and the Y axis represents the normalized mean

value of the PVT1-RNAi group.

databases were used to further explore differ-
entially expressed or co-expressed genes. We
selected the genes differentially expressed in
GEO (http://www.ncbi.nim.nih.gov/geo/) data-
base, The TCGA database, the genes associat-
ed with PVT1 in TCGA database, the co-
expressed genes of PVT1 in MEM (http://biit.
cs.ut.ee/mem/index.cgi) and the DEGs after
the knock-down of PVT1 [39-42]. Candidate
genes were identified based on Venn diagrams
(http://bioinformatics.psb.ugent.be/webtools/
Venn/). In addition, bioinformatic analyses,
including GO, KEGG and network analysis, were
applied to investigate the underlying functions,
pathways and networks of these genes as
described [1, 43, 44]. The DAVID Bioinformatics
Tool (https://david.ncifcrf.gov/, version 6.7) 50
and KOBAS 2.0 (http://kobas.cbi.pku.edu.cn/)
were used for GO and KEGG analyses. Three
categories were exported from GO analysis:
biological process (BP), cellular component
(CC) and molecular function (MF). In addition,
Cytoscape (version 2.8, http://cytoscape.org)
was applied to determine the functional
network between PVT1 and these potential
genes.
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Validation of the expression of PVT1 and po-
tential genes

Clinical data of HCC patients were obtained
from TCGA database. The relationship between
PVT1 and potential gene expression and the
clinical pathological parameters in HCC was
identified based on the original data in TCGA
database. Furthermore, the Oncomine (https://
www.oncomine.org/) database was also used
to verify the expression of PVT1 and DLC1 [45].

Statistical analysis

SPSS 22.0 was used for statistical analysis.
The mean * standard deviation (Mean + SD)
was used to estimate expression. PVT1 expres-
sion in HCC versus normal liver was evaluated
by Student’s t-test. Student’s t-test was also
utilized to evaluate the difference between
PVT1 expression and the clinicopathological
parameters. Comparisons between subgroups
were performed using one-way analysis of vari-
ance (ANOVA). The Spearman test was used to
investigate the correlation between PVT1 and
the potential genes. In addition, the ROC curve
was employed to predict clinical diagnostic

Am J Transl Res 2017;9(9):3904-3917
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Figure 3. Distribution of GO terms for up-regulated genes in HCC. These results show the most strongly enriched GO terms of the up-regulated genes. A. Biological
process (BP). B. Cellular component (CC). C. Molecular function (MF).

cacacid metabole process

resporse b boric substance condensed chromosome inetochore nucle 20d binding tramscription fackor

ro

A e I 0
ghtamine melabolic process muciear body _ RNA polymerase Il core promoter _
cardarykc acd metadoke process nCed 580 _ gand-depencent nuciear recepier ansiapion coacivalr _
e e [ — |
positve reguiation of biomineral Ss50e heterochromain _ core promoter sequence-speciic DNA bindeg _
I I

-
«

Earichment Score (dog 10(Pvake) Envichment Score (Hog10(Pvalue) Enrichment Score (Hog10Pvaloe

3907 Am J Transl Res 2017;9(9):3904-3917



The gene interaction regulatory network of PVT1 in HCC

Figure 4. Distribution of GO terms for down-regulated genes in HCC. These results show the most strongly enriched
GO terms of the down-regulated genes. A. Biological process (BP). B. Cellular component (CC). C. Molecular function

(MF).
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Figure 5. Distribution of KEGG terms for the differentially expressed genes in HCC. These results showed the most
strongly enriched KEGG terms of the differentially expressed genes in HCC. A. Up-regulated genes. B. Down-regu-

lated genes.
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Figure 6. A function network of Gene Ontology (GO) terms for the potential
genes of PVT1 in HCC. A function network was constructed according to Cy-

COP9 signalosome, and do-
uble-stranded DNA binding
(Figures 3, 4). In addition,
the KEGG analysis clarified
the most significant path-

toscape.

value of PVT1 and the potential genes in HCC.
P<0.05 (two-sides) was considered statistically
significant.

Results
Potential genes regulated by the PVT1

A gene microarray analysis was used to detect
differential expression profiles between PVT1
and PVT1 RNAi in three paired groups of SMMC-
7721 cells. One hundred ninety-five up-regulat-
ed genes and 60 down-regulated genes were
significantly differentially expressed in the
PVT1-control and PVT1-RNAi groups with
|FC|=2, P<0.05 (Figure 2). All up-regulated and
down-regulated genes were analyzed with GO
and KEGG. Results showed that the up-regulat-
ed genes were strongly enriched in response to
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ways, including the estrogen

signaling pathway, ascorbate

and aldarate metabolism,
antigen processing and presentation, and so
on (Figure 5).

Based on the MEM database, the top 2,000 co-
expressed genes of PVT1l in three different
probe sets (216240_AT, 1558290_A_AT and
1562153_A_AT) were selected for further
analysis. Among these co-expressed genes,
3626 genes were predicted by at least one
probe set. To identify key genes in HCC, we
downloaded one gene expression profile
(GSE57786) from the GEO database. A total of
12,018 DEGs were screened out. Additionally,
the TCGA database was utilized to select the
genes associated with PVT1 and the DEGs in
HCC. As a result, 60,244 genes were identified
as DEGs, and 1,313 genes associated with
PVT1 were screened out. Interestingly, only one

Am J Transl Res 2017;9(9):3904-3917
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Table 1. Top 5 enrichment GO terms (BP, CC, and MF) from the microarray data

Enrichment

GO:ID Term Ontology P Gene symbol
score

G0:0006412 Translation BP 5.40966 0.001796 RSL1D1, MRPL52, SLC25A32, RPS18, RPL30, RPL5, RPL22L1

G0:0045907 Positive regulation of vasoconstriction BP 2492308 0.006163 AVPR1A, ADRA1A, DBH

G0:0034605 Cellular response to heat BP 17.33779  0.012561 HSF1, HTRA2, ANO1

G0:0098609 Cell-cell adhesion BP 7.935706 0.013634 EPCAM, RSL1D1, YWHAZ, OLA1

G0:0050714  Positive regulation of Protein secretion BP 16.61538  0.013637 KCNN4, PPIA, ANG

G0:0016020 Membrane cc 2.934011 6.35E-05 DLC1, ABCE1, DARS, AIMP1, OLA1, ITGB2, RSL1D1, DDX56, RPL30, RPS18, FAM49B, PPIA, RPL8, FARSB,
RBM19, PABPC1, KSR1, TMPRSS13, APBA1

G0:0022625 Cytosolic large ribosomal subunit cC 13.26555  8.42E-05 RSL1D1, RPL30, RPL8, RPL5, RPL22L1, MRTO4

G0:0005925 Focal adhesion cC 3.504108  0.007635 DLC1, YWHAZ, RPS18, RPL30, NME2, PPIA, RPL8, PABPC1

G0:0070062 Extracellular exosome cC 1.675067  0.008663 YWHAZ, GNPDA1, ANO1, ITGB2, SYT7, APLP2, SCRIB, CMBL, EPCAM, ATP2B2, RPL30, FAM49B, CLCF1,
PABPC1, SLC39A4, GNG7, TECTA, DARS, SLC22A8, OLA1, RPS18, CCT4, PPIA, ZNHIT6, GDF15, FABP5

G0:0005730 Nucleolus ccC 2.532514  0.010996 RSL1D1, DDX56, MTDH, NCF2, ANG, RPL8, PAK1IP1, RBM19, OLA1, RPL5, MRTO4

G0:0003735  Structural constituent of ribosome MF 5.504157 2.15E-04 MRPL52, SLC25A32, RPS18, RPL30, RPL8, RPL5, MRPS21, RPL22L1, MRTO4

G0:0044822 Poly(A) RNA binding MF 2.31524 0.004573 YWHAZ, MTDH, DARS, ZC3HAV1, UBE2I, MRTO4, RSL1D1, RPL30, DDX56, RPS18, CCT4, PPIA, RPLS,
RBM19, PABPC1

G0:0005524  ATP binding MF 1.906669  0.010918 CIITA, ABCE1, DARS, OLA1, UBE2I, ACACB, DGUOK, MTHFD1L, ABCG8, ATP2B2, DDX56, NME2, ABCC9,
CCT4, GSK3B, FARSB, KSR1, RUNX1

G0:0098641 Cadherin binding involved in cell-cell MF 7.978675 0.013408 EPCAM, RSL1D1, YWHAZ, OLA1

adhesion
G0:0005515  Protein binding MF 3.88184 0.038969 NME2, ANG, TPPP, ITGB2, PABPC1

BP: biological process; CC: cellular component; MF: molecular function.
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Table 2. The most important enriched pathway terms from the microarray data

Pathway ID Definition

Enrichment_Score

P Gene symbol

bta03010 Ribosome 5.75487

bta04970 Salivary secretion 6.193996
bta04970 Hippo signaling pathway 4.255809
bta05134 Legionellosis 6.764496
bta04728 Dopaminergic synapse 4.016419
bta05200 Pathways in cancer 2.249195
bta04261 Adrenergic signaling in cardiomyocytes 3.570151

0.00346 RPS18, RPL30, RPL8, RPL5, MRPS21, RPL22L1
0.025342 KCNN4, ATP2B2, ADRA1A, PLCB2

0.027938 YWHAZ, GSK3B, ITGB2, PPP2R2C, SCRIB

0.070226 HSF1, ITGB2, NFKB2

0.074198 GSK3B, PLCB2, PPP2R2C, GNG7

0.083702 GSK3B, LPAR2, TCEB1, NFKB2, RUNX1, PLCB2, GNG7
0.097407 ATP2B2, ADRA1A, PLCB2, PPP2R2C

was constructed according
to the GO analysis (Figure 6).
Additionally, the KEGG path-
way analysis verified that
these genes were significant-
ly involved in the Hippo sig-
naling pathway, ribosomes,
dopaminergic synapses, and
pathways in cancer. The top
five most significant GO
terms (BP, CC and MF) and
the most important enriched
KEGG pathway items are dis-
played in Table 1 and Table
2. Altogether, the GO and
KEGG pathway items indicat-
ed that PVT1 might partici-
pate in the pathophysiologi-
cal mechanisms of HCC.

In addition, a gene network
of the 139 genes was con-
structed in the current study
(Figure 7). The relationships
between PVT1 and DEGs
were easily observed from
this network.

Figure 7. Network analysis between PVT1 and the potential candidate genes.

A gene network of the 139 genes was constructed based on Cytoscape. The
relationships between PVT1 and the potential genes were easily observed

from this network.

gene, DLC1, was selected based on all the
aforementioned genes.

GO and pathway analysis

Based on the aforementioned genes, 139
genes were screened and submitted for GO
and pathway analyses. The most strongly
enriched terms were identified as follows:
translation, cell-cell adhesion, nucleolus and
poly (A) RNA binding. To further elucidate the
functions of these genes, a function network
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Supplementary information
from the cancer genome
atlas (TCGA) database

To further elucidate the expression of PVT1 and
DLC1 and the relationship between the two, a
clinical study was performed based on the orig-
inal data in TCGA. We found that PVT1 was
highly expressed in HCC compared to non-can-
cerous liver tissues (P<0.0001, Figure 8A). We
also explored the relationship between PVT1
and the clinicopathological parameters of HCC
and discovered that high expression of PVT1 is
positively related to gender (P=0.012, Figure
8B), race (P=0.006, Figure 8C), vascular inva-

Am J Transl Res 2017;9(9):3904-3917
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els in HCC (Figure 9D). We
then compared the expres-
sion of PVT1 and DLC1
based on TCGA and found
that expression of PVT1 was
negatively correlated with
DLC1 in HCC (P=-0.063,
Figure 9E).

Moreover, two cohorts of

G1-G2 G3-G4 00 02
(n=232) (n=134)

Figure 8. Clinical significance of LncRNA PVT1 in HCC based on TCGA data-
base. A. Differential expression of PVT1 between HCC and non-cancerous liver
tissue; B. Differential expression of PVT1 in male vs female; C. White vs Yellow
vs Black; D. Non-vascular infiltration vs vascular infiltration; E. G1, G2 vs G3,

G4; F. ROC curve of PVT1 in HCC.

sion (P=0.033, Figure 8D) and pathological
grade (P=0.002, Figure 8E, Table 3). Addi-
tionally, the ROC curve indicates the area under
the curve (AUC) of PVT1 was 0.816 (95% CI
0.774~0.859, P<0.0001) for HCC patients,
which could place high diagnostic value on
PVT1 levels in HCC (Figure 8F). We also investi-
gated the relationship between PVT1 expres-
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04
Specificity

T Chen Liver and Wurmbach
Liver from Oncomine were
used for validation of PVT1
expression, and the results
further confirmed high ex-
pression of PVT1 in HCC
(Figure 10). Likewise, coho-
rts of Roessler Liver con-
firmed low expression of
DLC1 in HCC, similar to the results obtained
from TCGA (Figure 11).

6

Discussion
LncRNAs are involved in regulating biological

functions and gene expression in physiological
and pathological contexts, such as cancer [16,

Am J Transl Res 2017;9(9):3904-3917
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Table 3. Differential expression of PVT1 of other clinicopathological

parameters in HCC tissue

Clinicopathological features

PVT1 expression

HCC, which was consistent
with the results of Yu et al
and Ding et al [32, 33]. This
study is the first to show that

Mean + SD T P value . -

Tissues Normal liver 50 5.480+0.704 -11.794 <0.0001 oyerg?(pr855|on Of. PVTL .IS
significantly associated with

HCC 374 7.005£1.597 gender, race, vascular inva-

Age <60 169 7.058+1.505 0.520 0.603 sion and pathological grade
260 201 6.972+1.668 in HCC. As a result, our data

Gender Male 249 7.164+6.722 2.512 0.012 confirm that PVT1 is up regu-
Female 121 1.644+1.461 lated in HCC compared to

Race White 186 6.774+1.557 5.239  0.006 normal liver tissues based
Black 17 6.647+1.590 on TCGA database. Addition-

Yellow 158 7.306+1.621 ally, the high AUC of PVT1

T(tumor) TL+T2 275 7.010+1528 -0.214 0.831 predicts diagnostic value in
13+ 74 93 7.051+1.804 HCC. To date, several studies

Vascular invasion  No 206 6.685+1.532 -2.148 0.033 h_ave reporteq the expre§—
DO : ) sion and functions of PVT1 in

Yes 109 7.263+1.618 HCC. Wang [34] et al found

Pathological Grade g1 + g2 232 6.827+.494 -3.079  0.002 that overexpression of PVT1
g3 +g4 134 7.358+1.737 promotes proliferation and

Stage [+l 257 7.047+1.547 0.198 0.843 stem cell-like properties of
n+1v 90 7.008+1.768 HCC cells via stabilizing

Recurrence No 323 7.014+1.622 -1.079 0.281 NOP2. Ding [33] et al demon-
Yes 23 7.389+1.378 strated that higher expres-

46]. Growing evidence has clarified the func-
tions of different IncRNAs in HCC, including
IncRNA-PVT1 [19-22, 32]. Overexpression of
PVT1 was reported to promote proliferation and
invasion of gastric cancer cells through binding
to FOXM1, and high PVT1 expression was relat-
ed to poor prognosis in gastric cancer patients
[27]. Liu [28] et al also demonstrated that PVT1
could act as an oncogene in prostate cancer
and that PVT1 could activate miR-146a meth-
ylation to promote tumor growth. Another study
confirmed that PVT1 expression level was posi-
tively related to tumor stage and metastasis
and that high PVT1 expression could acceler-
ate the progression of epithelial-to-mesenchy-
mal transition in esophageal cancer [47]. In
addition, several studies confirmed that the
inhibition of PVT1 expression could promote
cancer patients’ sensitivity to drugs [29, 30,
48]. Nevertheless, the roles of PVT1 in HCC
remain elusive.

In our current study, we combine gene microar-
ray analysis with TCGA, GEO and MEM databas-
es to identify potential candidate genes and
explore the biological functions of PVT1 in HCC.
We found that PVT1 was highly expressed in
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sion of PVT1 was strongly
related to AFP level and pre-
dicted poor recurrence-free survival. In addi-
tion, the result of Yu et al indicated that
the combined up-regulation of two IncRNAs
(PVT1L and uc002mbe.2) could provide new
methodology for diagnosis of HCC, as expres-
sion of PVT1 and ucO02mbe.2 were positively
associated with tumor size and clinical stage in
HCC patients [32]. Furthermore, based on the
three aforementioned databases, DLC1 was
selected for further analysis. We found that
DLC1 is down-regulated in HCC based on the
TCGA database. We also detected a negative
correlation between PVT1 and DLC1 expres-
sion in HCC. Many studies have confirmed
expression of DLC1 in HCC. For example, song
[49] et al verified that DLC1 could be a potential
therapeutic target and an independent prog-
nostic marker in HCC. Ng [50] et al demonstrat-
ed that DLC1 is a tumor suppressor gene
and may play a significant role in hepatocar-
cinogenesis. In addition, we utilized Oncomine
to verify the high expression of PVT1 and the
low expression of DLC1 in NCC. GO analysis of
the identified candidate genes revealed that
they were involved in translation, cell-cell adhe-
sion, nucleolus and poly(A) RNA binding. In
addition, the KEGG analysis revealed that
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Table 4. Differential expression of DLC1 in other clinicopathological
parameters in HCC tissue

Clinicopathological features

DLC1 expression

Mean + SD T P value

Tissues Normal liver 50 11.667+0.544 14.873 <0.0001
HCC 205 10.138%0.977

Age <60 83 10.256+1.034 1.415 0.158
>60 121 10.059+0.935

Gender Male 132 10.276+0.879 2.583 0.011
Female 72 9.886+1.103

Race White 101 10.131+1.022 F=0.297 0.743
Black 11 10.371+0.684
Yellow 87 10.140+0.980

T (tumor) T1+T2 152 10.1404£0.974 0.190 0.850
T3+ T4 50 10.110+1.005

Vascular invasion  No 108 10.234+0.878 1.263 0.208
Yes 64 10.052+0.968

Pathological Grade g1 + g2 126 10.224+0.956 1.665 0.097
g3 +g4 74 9.987+0.998

Stage |+ 1 144 10.173%£0.992 0.555 0.580
I+ 1v 46 10.078+1.048

Recurrence No 179 10.129+0.960 0.249 0.804
Yes 14  10.061+1.298
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PVT1 pLC

these genes were signifi-
cantly involved in the Hippo
signaling pathway, which
has been linked to prolifer-
ation, tumor formation and
prognosis [51-53]. However,
further studies are needed
to fully identify the mecha-
nism of PVT1 and DLC1 in
HCC.

Our findings suggest that
PVT1 plays a significant
role in HCC. We also show
that the PVT1 is associated
with gender, race, vascular
invasion and pathological
grade in HCC. We hypothe-
sized that PVT1 may play
a significant role in HCC car-
cinogenesis and progres-
sion by modulating the
expression of DLC1 and the
Hippo signaling pathway.
However, the exact molecu-
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lar mechanism needs to be verified with future
functional experiments.
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