
1645

Abstract. – OBJECTIVE: To explore the role 
of LINC00963 in the pathogenesis of hepatocel-
lular carcinoma and its underlying mechanisms.

PATIENTS AND METHODS: The expression 
level of LINC00963 in 48 cases of hepatocellu-
lar carcinoma (HCC) tissues and paracancer-
ous tissues were detected by quantitative Re-
al-time (qRT-PCR). Survival analysis was carried 
out based on the expression level of LINC00963. 
The association between the expression level of 
LINC00963 and clinical characteristics of these 
subjects was analyzed by x2-test. The prolif-
eration and cell cycle of HCC cells after trans-
fection of LINC00963 overexpression plasmids 
were evaluated by cell counting kit-8 (CCK-8) as-
say and flow cytometry, respectively.

RESULTS: The expression level of LINC00963 
in HCC tissues was remarkably higher than that 
in paracancerous tissues, indicating a potential 
diagnostic significance of LINC00963. The pro-
gression-free survival of HCC patients suggest-
ed that the expression level of LINC00963 was 
remarkably associated with the tumor size and 
TNM stage, but not with age, gender, histolog-
ical type and lymph node metastasis. Overex-
pression of LINC00963 significantly enhanced 
the proliferation ability of HepG2 and HCC cells 
and prolonged their G0/G1 phase. Furthermore, 
the PI3K/AKT expression was increased after 
overexpression of LINC00963, while AKT siRNA 
effectively reversed the prolonged G0/G1 phase 
caused by LINC00963 overexpression.

CONCLUSIONS: Our data revealed that 
LINC00963 was upregulated in HCC, which sig-
nificantly extended the G0/G1 phase of HCC cells 
by activating PI3K/AKT pathway and promoting 
the proliferative ability of HCC cells. LINC00963 
may be involved in the HCC development.
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Introduction

Hepatocellular carcinoma (HCC) is one of 
the most common malignant tumors at present. 

Different treatment methods of HCC have been 
applied, such as surgical resection, liver trans-
plantation, radiotherapy and chemotherapy, ra-
diofrequency ablation, and molecular targeted 
therapy. However, the 5-year survival of HCC is 
still lower than 12%1. There are about 748,300 
new cases and 695,900 death cases of HCC re-
ported worldwide each year, and half of them are 
reported in China2. Researches on prevention and 
treatment of HCC have been widely carried out in 
the world due to its high incidence and mortality3. 
Therefore, in-depth investigation of the epide-
miology and etiology of HCC is of great signif-
icance for formulating a more effective therapy. 
Long non-coding RNAs (lncRNAs) are a class 
of highly abundant RNAs in human tissues with 
little or no function of encoding proteins. Recent 
researches have revealed that the abnormally ex-
pressed lncRNAs are involved in complex physi-
ological and pathological processes4. LncRNAs, 
including HOTTIP, MVIH, MALATI, UC.338, 
ZEB1-AS1 and lncRNA-ATB, were demonstrat-
ed significantly upregulated in HCC tissues. Fur-
thermore, these lncRNAs were confirmed to par-
ticipate in the malignant transformation, invasion 
and metastasis of HCC by regulating apoptosis, 
angiogenesis, drug resistance and epithelial-mes-
enchymal transition of tumor cells4-7.

LINC00963 is located on chromosome 9 with 
25027 bp in length, which is identified to be dif-
ferentially expressed in a variety of tumors and 
normal tissues. It was reported that LINC00963 
is significantly down-regulated in renal cell car-
cinoma and exhibits an effective inhibitory effect 
on the proliferation of renal carcinoma cells8. On 
the contrary, upregulated LINC00963 is observed 
in non-small cell lung cancer, which is involved in 
tumorigenesis through activation of PI3K/mTOR 
signaling pathway. Highly expressed LINC00963 
is associated with a poor prognosis of non-small 
cell lung cancer9. In addition, LINC00963 is also 
highly expressed in prostate cancer, which pro-
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motes the proliferation of tumor cells10. However, 
little is known about the function of LINC00963 
in the HCC progression. The primary of this 
study was to investigate the role of LINC00963 in 
the pathogenesis of hepatocellular carcinoma and 
its underlying mechanisms.

Patients and Methods

Basic Characteristics of Patients
A total of 48 tissues from HCC patients who un-

derwent hepatic carcinectomy in our hospital were 
collected. All enrolled HCC patients did not receive 
preoperative radiotherapy, chemotherapy, radiofre-
quency ablation or other adjuvant therapy. The col-
lected tissues were pathologically confirmed as HCC 
after operation. Adjacent normal tissues without any 
tumor cells confirmed by the postoperative pathology 
were taken as the controls (at least 3 cm away from 
the surgical margin). The tumor differentiation level 
was evaluated according to the Edmondson-Steiner 
grading criteria, and the tumor stage was assessed 
following the criteria of the seventh edition of the 
Staging System released by the American Joint Com-
mittee on Cancer (AJCC). Samples were immediately 
frozen in liquid nitrogen, and then stored in a -80°C 
refrigerator for the following experiments. This in-
vestigation was approved by the Ethics Committee 
of Peking University Cancer Hospital. Signed written 
informed consents were obtained from all partici-
pants before the study.

Cell Culture and Transfection
Normal liver cell line (L-02) and hepatocel-

lular carcinoma cell lines (HepG2, HB611 and 
HHCC) were purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA) 
and cultured in Dulbecco’s modified eagle Medi-
um (DMEM, Gibco, Rockville, MD, USA) high 
glucose complete medium supplemented with 
10% fetal bovine serum (FBS, Thermo Fisher 
Scientific, Inc. Waltham, MA, USA), and main-
tained in a 5% CO2 incubator at 37°C. Cells in 
the logarithmic growth phase were selected and 
transfected with the LINC00963 overexpression 
plasmids (Jima, Shanghai, China) according to 
the instruction.

Quantitative Reverse Transcriptase-
Polymerase Chain Reaction (qRT-PCR)

The total RNA was extracted by TRIzol meth-
od (Thermo Fisher Scientific, Inc. Waltham, MA, 
USA) and the RNA concentration was determined 
by a microliter plate reader. Reverse transcrip-
tion was performed according to the instructions 
of SYBR Green method (TaKaRa, Dalian, Chi-
na). Polymerase chain reaction (PCR) amplifica-
tion conditions were as follows: 5 min at 94°C, 
40 cycles of 30 s at 94°C, 30 s at 55°C and 90 s 
at 72°C. The primer sequences were as follows: 
LINC00963 (Forward: 5’-GGTAAATCGAGG-
CCCAGAGAT-3’; Reverse: 5’-ACGTGGATGA-
CAGCGTGTGA-3’).

Table I. Correlation between the expression level of LINC00963 in and basic characteristics of HCC patients (n = 48).

                                       LINC99963 expression 
  Number  
Clinicopathological features of cases Low (n=24) High (n=24) p-value 

Age (years)    0.7726
 ≤ 60 25 12 13 
 > 60 23 12 11 
Gender    0.7711
 Male 27 14 13 
 Female 21 10 11 
Tumor size    0.0205*
 ≤ 5 cm 22 7 15 
 > 5 cm 26 17 9 
TNM stage    0.0093*
 I-II 24 8 17 
 III-IV 24 16 7 
Histological classification    0.1457
 Low grade 21 13 8 
 Medium and High grade 27 11 16 
Lymph node metastasis    0.7679
 Absent 19 9 10 
 Present 29 15 14 
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Cell Counting Kit-8 (CCK-8) Assay
Cells were digested and collected after 24 h 

post-transfection. Cells were then seeded into 96-
well plates with six replicate wells in each group. 
After the static adherence, 10 µL of CCK-8 (Do-
jindo, Kumamoto, Japan) solution were added and 
cells were incubated at 37°C for 2 h. The optical 
value of each well at 450 nm was measured by a 
microplate reader.

Cell Cycle Detection
Cell suspension was prepared after treated 

cells were digested and washed with phosphate 
buffered saline (PBS) twice. The supernatant 
was discarded after centrifugation. Precooled 
75% ethanol was added for fixing cells. Before 
cell cycle detection, the cells were treated with 
0.5 µL of propidium iodide (PI) for 20-30 min 
at 4°C in the dark. The DNA content of cells in 
each cycle was determined at the wavelength of 
488 nm by flow cytometry. Each experiment was 
repeated for 3 times.

Western Blot
Protein was extracted from cells by radioim-

munoprecipitation assay (RIPA, Roche, Basel, 
Switzerland) method and then quantified using 
bicinchoninic acid (BCA) based on the instruc-
tions (Pierce, Rockford, IL, USA). Proteins were 
separated in a sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) gel 
and then transferred to a polyvinylidene diflu-
oride (PVDF) membrane (Millipore, Billerica, 
MA, USA). Membranes were blocked with 5% 
skimmed milk for 1 h, followed by the incuba-
tion of primary antibody overnight. Membranes 
were incubated with the secondary antibody 
at room temperature for 1 h. Immuno-reactive 
bands were exposed by enhanced chemilumines-
cence (ECL) method.

Statistical Analysis
Statistical product and service solutions 

(SPSS19.0, Armonk, NY, USA) statistical soft-
ware was utilized for analyzing data. All data 
were expressed as mean ± standard deviation. 
Comparison of measurement data was conducted 
using t-test. Survival analysis was performed us-
ing Graphpad. The correlation between the basic 
characteristics of patients and the expression level 
of LINC00963 was analyzed by x2-test. p<0.05 
was considered statistically significant.

Results

LINC00963 Was Upregulated 
in HCC Tissues

To elucidate the expression level of LINC00963 
in HCC, 48 cases of hepatocellular carcinoma tis-
sues and paracancerous tissues were collected. 
Higher expression level of LINC00963 in HCC 
tissues was observed compared with that in para-
cancerous tissues (p<0.001, Figure 1A). The cor-
relation between clinical characteristics of HCC 
patients and the expression level of LINC00963 
was showed in Table I. No significant differen-
ces were exerted in age, gender and histological 
type between the control group and HCC group. 
Next, patients were assigned into the high expres-
sion group and low expression group based on the 
expression level of LINC00963 in HCC. Shorter 
progression-free survival was observed in high 
expression group in comparison with that of 
the low expression group (p=0.023, Figure 1B). 
Additionally, the progression-free survival was 
markedly associated with the expression level of 
LINC00963, tumor size and TNM stage, but not 
with the age, gender, histological type and lym-
ph node metastasis (Table II). Besides, higher 
expression level of LINC00963 in stage III and 

Table II. Univariate and multivariate Cox regression analysis of progression-free survival (DFS) in HCC patients.

           Univariate analysis       Multivariate analysis

Variables p-value  HR 95% CI p-value  HR 95% CI

Age 0.823  0.997  0.654, 1.034 0.886  0.957  0.874, 1.659
Gender 0.739  0.867  0.715, 1.316 0.761  0.740  0.445, 1.457
Tumor size 0.031  1.432  1.228, 1.589 0.035  1.385  1.052, 2.163
Stage 0.012  1.361  1.149, 1.638 0.016  1.446  1.105, 2.031
Histological classification 0.167  1.004  0.572, 1.643 0.128  0.975  0.438, 1.957
Lymph node metastasis 0.824  1.032  0.883, 1.276 0.934  1.006  0.742, 1.495
LINC00963 0.002  3.617  1.745, 4.337 0.014  2.960  1.934, 3.475
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IV of HCC was found compared with that in sta-
ge I and II (p<0.001, Figure 1C). The area under 
ROC curve (AUC) was 0.763, indicating a po-
tential diagnostic significance of LINC00963 in 
HCC (Figure 1D). These results suggested that 
LINC00963 might be involved in the HCC deve-
lopment.

LINC00963 Promoted Proliferative 
Ability of HCC Cells

To explore the effect of LINC00963 on HCC cel-
ls, we first detected the expression of LINC00963 
in HCC cells (HepG2, HB611 and HHCC) and 

normal liver cells (L-02) by qRT-PCR. The expres-
sion level of LINC00963 in HCC cells was remar-
kably higher than that in normal liver cells (Figure 
2A). Given the greater abundance of LINC00963, 
HepG2 and HHCC cells were selected for the 
following experiments. As shown in Figure 2B, 
the expression level of LINC00963 in HCC cel-
ls was significantly elevated after transfection of 
LINC00963 overexpression plasmids. Proliferative 
ability of transfected cells was detected by CCK-8 
assay at 6, 24,48,72, 96 h, respectively. The results 
indicated that overexpression of LINC00963 pla-
smids significantly enhanced the viability of tumor 

Figure 1. LINC00963 was highly expressed in HCC. A, LINC00963 was up-regulated in HCC tissues compared to the para-
cancerous tissues. B, The survival rate of LINC00963 high expression group was lower than that of low expression group. C, 
The expression of LINC00963 in stage III + IV of HCC was significantly higher than that in stage I + II. D, ROC curve revealed 
the expression level of LINC00963 and the diagnostic sensitivity of HCC.
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of tumor growth. Since AKT pathway was de-
monstrated to participate in regulating cell cycle, 
expression levels of AKT and PI3K in HepG2 and 
HHCC cells were detected after LINC00963 ove-
rexpression. Our data suggested that overexpres-
sion of LINC00963 significantly up-regulated the 
expression levels of AKT and PI3K (Figure 3A). 
To further clarify the effect of LINC00963/AKT/
PI3K on cell cycle, cells were co-transfected with 
the LINC00963 overexpression plasmids and 
AKT siRNA. It was demonstrated that AKT siR-
NA partially reverses the prolonged G0/G1 phase 

cells (Figure 2C). Besides, cell cycle results reve-
aled that the G0/G1 phase of HepG2 and HHCC 
cells was remarkably prolonged after overexpres-
sing LINC00963 (Figure 2D). All above results in-
dicated that LINC00963 promotes the proliferative 
ability of HCC cells.

LINC00963 Enhanced the Proliferation 
of HCC Cells Through the PI3K/AKT 
Signaling Pathway

We next explored how LINC00963 regulates 
the cell cycle thus participating in the regulation 

Figure 2. LINC00963 promoted the proliferation of HCC cells. A, The expression of LINC00963 in normal liver cells (L-02) 
and HCC cells (HepG2, HB611 and HHCC). B, Transfection efficiency of LINC00963 overexpression plasmids in HepG2 and 
HHCC cells. C, Viability changes in HepG2 and HHCC cells were detected by CCK-8 assay. D, Cell cycle changes in HepG2 
and HHCC after overexpression of LINC00963 were detected by flow cytometry.
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caused by the overexpressed LINC00963, sugge-
sting that LINC00963 promotes the proliferation 
of HCC cells through PI3K/AKT signaling pa-
thway (Figure 3B).

Discussion

HCC is one of the most common malignant 
tumors. There is a high incidence of HCC, 
especially in East Asia, South Asia, Africa and 
South Europe. More than 700,000 new cases and 
600,000 death cases are reported worldwide each 
year11,12. Although a large number of studies have 
confirmed that the occurrence of HCC is closely 
related to hepatitis virus infection, aflatoxin in-
take, smoking, alcoholic cirrhosis, fatty liver and 
diabetes. The explorations of the molecular me-
chanisms underlying the invasion and metastasis 
of HCC cells are still limited13-16. Molecular stu-
dies17,18 have also found that genetic mutations, 
DNA methylation, histone acetylation or methyla-
tion and non-coding RNAs exert important roles 
in the development of HCC.

In 2016, high-throughput sequencing and bio-
informatics analysis revealed that there are a lar-
ge number of non-coding RNAs (ncRNAs) in di-
verse organisms and diseases19. According to the 
molecular weight, these ncRNAs can be divided 
into long non-coding RNAs (longer than 200 nt) 
and small regulatory RNAs (shorter than 200 nt) 
including microRNAs, short silence RNAs, small 
nuclear RNAs, etc20. Long non-coding RNAs 
(lncRNAs) are a class of non-coding RNAs wi-
thout open reading frames (ORFs), which were 
initially considered as “junk genes”21. However, 
growing evidence indicated that lncRNAs might 
be capable of regulating gene expression. Abnor-
mally expressed lncRNAs were reported in many 
diseases, such as HOTAIR in breast cancer, BA-
CE1-AS in Alzheimer’s disease, MEG3 in liver 
cancer, etc22-24. Therefore, investigating the un-
derlying mechanisms in the HCC pathogenesis is 
of great significance. LINC00963 was found dif-
ferentially expressed in a variety of tumors and 
normal tissues. Our study suggested that up-re-
gulated LINC00963 is significantly related to the 
poor prognosis of HCC.

Figure 3. LINC00963 enhanced HCC proliferation through PI3K/AKT signaling pathway. A, Western blot showed the pro-
tein changes of PI3K and AKT in HepG2 and HHCC cells after overexpression of LINC00963. B, Flow cytometry showed the 
cell cycle changes in the control group, LINC00963 group and LINC00963 + AKT siRNA group.
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The PI3K/AKT pathway is a well-established pa-
thway widely involved in the cell activities, inclu-
ding growth, proliferation, migration and survival. 
In addition, AKT, as the evolutionarily conserved 
serine/threonine kinase, is one of the major pro-
tein kinases highly activated in human cancers25. 
Studies have already confirmed that AKT signa-
ling pathway participates in the regulation of cell 
cycle. Inhibition of PI3K/AKT pathway, however, 
promotes cell apoptosis26. For example, decreased 
phosphorylation level of AKT by knockdown of the 
target gene Nox4 in human pancreatic cancer cells 
would lead to the increased cell apoptosis, indica-
ting that down-regulation of phosphorylated AKT 
might induce cell apoptosis27. Moreover, LY294002, 
the specific PI3K inhibitor, could notably arrest the 
cell cycle in G0/G1 phase, thus inhibiting the pro-
liferation of malignant tumors28. In this work, we 
found that overexpression of LINC00963 could si-
gnificantly promote the protein expressions of PI3K 
and AKT, which suggested that LINC00963 might 
increase the proliferation of HCC cells by activating 
PI3K/AKT signaling pathway. However, there are 
still some limitations. For instance, phosphorylated 
levels of PI3K and AKT are needed to explore in the 
future experiments.

Conclusions

We showed that LINC00963 is upregulated in 
HCC tissues and negatively correlated with the 
prognosis of HCC. LINC00963 could promote the 
proliferative ability of HCC cells through activa-
ting PI3K/AKT signaling pathway and extending 
the G0/G1 phase in HCC cells.
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