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ABSTRACT

Hepatitis B virus X protein (HBx) is highly expressed in HBV-infected hepatocellular carcinoma (HCC) and
upregulates transcriptional activation of telomerase reverse transcriptase (TERT). NHP2 is a component of the
telomerase complex and also increased in HCC. However, whether NHP2 could accelerate HCC caused by HBx
overexpression remains unknown. This study intended to investigate the effects of NHP2 knockdown on HBx-
overexpressed HCC and uncover the potential mechanism. Results showed that after HBx overexpression, the
expression of TERT and NHP2 was increased. NHP2 knockdown inhibited cell proliferation, colony formation
and telomerase activity, while promoting cell apoptosis in PLC/PRF5 cells with or without HBx overexpression.
Moreover, the protein expression of TERT and HBx was inhibited, pro-apoptotic proteins Bax and cleaved-
caspase3 expression was enhanced, whereas anti-apoptotic protein Bcl-2 level was reduced upon NHP2
silencing in PLC/PRF5 cells with or without HBx upregulation. The interaction between NHP2 and TERT was also
confirmed. Treatment with shRNA-NHP2-1 inhibited tumor growth in xenograft model, and the alterations of
related proteins were consisted with in vitro results. In conclusion, knockdown of NHP2 could inhibit the
proliferation of hepatoma cells overexpressing HBx via inhibiting TERT expression.

INTRODUCTION taminated food, and certain genetic diseases such as
hemochromatosis and various metabolic abnormalities
[3]. Although safe and effective HBV vaccines are

available, persistent HBV infection remains one of the

Hepatocellular carcinoma (HCC) is a malignant tumor
with high incidence globally. There are over 600,000

new cases diagnosed as HCC every year [1]. It is the
fifth most common tumor and the second leading cause
of cancer deaths in the world [2]. The major risk factors
for HCC include hepatitis B virus (HBV) or hepatitis C
virus (HCV) infection, cirrhosis, alcohol, aflatoxin-con-

most important pathogenic agents, especially in Asia
and Africa [4]. Previous epidemiologic studies revealed
that the HCC incidence for HBV carriers is 25-37 times
than that for uninfected people, and HBV infection also
contributes to the invasion, metastasis and development
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of HCC [5]. These findings indicated an etiological
connection of persistent HBV infection with HCC.

With the development of biotechnology and increasing
numbers of studies about HBV-associated HCC, the
causal relationship between HBV infection and HCC
has been firmly established and the molecular
mechanisms of HBV-induced HCC have been widely
clarified. On the one hand, the integration of HBV DNA
into the host genome can cause genomic instability,
thereby initiating hepatocarcinogenesis [6]. On the other
hand, the interaction between HBV and immune cells
may result in persistently existing and amplified hepatic
inflammatory response, which plays a considerable role
in tumor occurrence or development [6, 7]. Hepatitis B
virus X, encoded by the HBV X gene, is termed HBx.
HBX, required for the virus infection, has been believed
to function in the pathogenesis of HCC [8]. As studies
have shown, HBx expression may boost hepato-
carcinogenesis by reducing telomerase activity during
hepatoma cell proliferation, which is supported by
breakpoint analysis of the HBV genome [7]. HBx
protein may up-regulate the transcriptional activation of
human telomerase transcriptase (TERT), which is
possibly the mechanism in HCC [9, 10]. Besides, HBx
can serve as a transcriptional activator or suppressor and
prevent or promote hepatocyte apoptosis [11, 12].
However, the exact molecular mechanisms of HBXx-
induced HCC are incompletely understood.

TERT is located on chromosome 5p. HBV DNA is
integrated near TERT, which activates expression of the
TERT gene to promote the conversion of tumor cells
and provoke HCC [13]. Data from whole-genome
sequencing have confirmed the frequent observation of
HBYV genome integration in the TERT locus in a high
clonal proportion [14, 15]. Human TERT is a catalytic
subunit of telomerase and uses the RNA component
hTR as a substrate to generate telomere sequences. It is
closely related to immortalization of cells, tumori-
genesis and senescence of cells. The TERT protein
forms a complex with other essential factors, the
telomerase RNA component (TERC) and accessory
proteins, such as dyskerin (DKC1), TCAB1, NHP2,
NOP10 and GAR1, the deletion of any of which will
generate instability of the telomerase complex and
inhibition of telomerase activity [16, 17]. It is
noteworthy that, in GEPI online database, NHP2
displays higher expression in tissues of HCC compared
with normal hepatic tissues, indicating the potential
regulatory effect of NHP2 on HCC.

In the present study, we knocked down NHP2
expression in PLC/PRF5 hepatoma cell lines with or
without HBXx overexpression to investigate the
regulatory relationship between NHP2 and HBx-

induced HCC as well as explore the potential
mechanisms. At the same time, the above PLC/PRF5
hepatoma cell lines were transplanted into nude mice to
construct xenograft model, followed by injection of
shRNA-NHP2, to observe the actions of NHP2 in vivo.

RESULTS

Stable overexpression of HBx in PLC/PRF5
hepatoma cells increases the level of TERT and
NHP2

To confirm whether HBx could directly affect TERT
and NHP2 expression, we constructed two vectors to
overexpress HBx in PLC/PRF5 hepatoma cells. Result
from Figure 1A verified the successful overexpression
of HBx. OverExp-HBx-1 was chosen for establishing
stable HBx-overexpressing PLC/PRF5 cells based on its
higher efficacy. As shown in Figure 1B, the protein
expression of TERT and NHP2 was higher in
PLC/PRF5 cells that stably expressing HBx compared
with normal and negative control (NC) PLC/PRF5 cells.
These results confirmed the promotive effect of HBx on
TERT and suggested the active role of NHP2 in HBx-
induced HCC.

Knockdown of NHP2 inhibits proliferation while
promotes apoptosis in PLC/PRF5 hepatoma cells
with or without HBx overexpression

To clarify the effects of NHP2 on HBx-induced HCC,
two pairs of chemically synthesized shRNAs (shRNA1
and shRNA2) targeting NHP2 and negative control (sh-
NC group) were transfected into PLC/PRF5 hepatoma
cells subjected to OverExp-HBx-1 transfection or not,
respectively. The results of RT-gPCR showed that
compared with the blank control, the expression of
NHP2 was obviously inhibited by both shRNAs. The
inhibition efficiency of shRNA-1 was higher than that
of shRNA-2 (Figure 2A and 2B). Therefore, ShRNA-
NHP2-1 was chosen for subsequent experiments, and
results from western blot further confirmed the
knockdown of NHP2 protein (Figure 2C).

The effect of NHP2 on the proliferation of PLC/PRF5
cells that stably overexpressed HBx or not was
detected by CCK-8 and colony formation assays.
Compared with the blank and NC groups, the cell
viability was significantly reduced after NHP2 knock-
down regardless whether HBx were overexpressed in
PLC/PRF5 cells (Figure 2D). Consistent with the
results of the CCK-8 assay, the number of clones
formed in sShRNA-NHP2-1-transfected cells was
markedly decreased in comparison with the blank and
NC groups (Figure 2E). Moreover, flow cytometry
revealed that knockdown of NHP2 increased the
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proportion of apoptosis in PLC/PRF5 cells under HBx
promotion or not (Figure 3A and 3B). Further, the
expression of apoptosis-associated proteins including
Bax, Bcl-2 and cleaved-caspase3 was detected. The
data showed that the protein expression levels of Bax
and cleaved-caspase3 were significantly enhanced,
while the expression of anti-apoptotic protein Bcl-2
was obviously down-regulated in the NHP2-silenced
cells relative to those in blank or NC groups (Figure
3C), indicating the enhancement of NHP2 silence on
apoptosis in PLC/PRF5 cells in the absence or
presence of HBXx elevation.

Knockdown of NHP2 reduces telomerase activity in
PLC/PRF5 hepatoma cells that stably overexpressed
HBXx or not via interfering with TERT expression

Next, we explored the alterations of telomerase
activity under the circumstance of NHP2 knockdown.
We found reduced telomerase activity in shRNA-
NHP2-1 PLC/PRF5 cells compared with control or
shRNA-NC groups (Figure 4A and 4B). In addition,
we detected the expression changes of TERT and HBx
protein, and discovered that both TERT and HBXx
expression was cut down in the presence of shRNA-
NHP2-1 (Figure 4C). These results illustrated that

knockdown of NHP2 could disturb the activity of
telomerase. At the same time, the direct interaction
between NHP2 and TERT was confirmed by Co-IP
assay (Figure 4D and 4E).

Knockdown of NHP2 suppresses tumor growth and
promotes apoptosis in xenograft model undergoing
injection with or without HBXx-overexpressed
PLC/PRF5 hepatoma cells

Finally, in order to verify our findings in vivo, we
injected PLC/PRF5 cells stably overexpressing HBx or
not into nude mice to generate xenograft model. Then,
ShRNA-NHP2-1 or scramble shRNAs were injected into
tumor tissues of mice. As shown in Figure 5, the tumor
volume and tumor weight of mice that were treated with
ShRNA-NHP2-1 was significantly smaller than those of
mice treated with scramble shRNA or normal saline
(control), no matter whether HBx-overexpressing PLC/
PRF5 cells were injected. These results demonstrated that
knockdown of NHP2 could suppress the tumor growth of
HCC regardless of HBx upregulation or not.

Besides, the expression levels of related proteins in
tumor tissues were also evaluated. Results from Figure 6
revealed that, the expression of TERT, in mice tissues
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Figure 1. Overexpression of HBx in PLC/PRF5 hepatoma cells increases TERT and NHP2 expression. (A) The HBx mRNA
expression was determined after PLC/PRF5 cells were transfected with ov-NC, ov-HBx-1 or ov-HBx-2 plasmids. (B) The protein expression of
HBx, TERT and NHP2 was measured in the absence or presence of HBx stable expression. Ov: overexpression, NC: negative control, HBx:

Hepatitis B virus X, TERT: telomerase reverse transcriptase. “**P<0.001.
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with HBx enhancement or not, HBx as well as NHP2
was blunted, Bax and cleaved-caspase3 levels were
enhanced, whereas Bcl-2 expression was reduced after
NHP2 inhibition.

DISCUSSION

HCC is the leading cause of cancer-induced mortality
all over the world, however, the crucial mechanism
underlying HCC is largely unknown. HBV infection is
closely related to occurrence and development of HCC,
and HBx functions as a multifunctional regulatory
protein associated with hepatocellular carcinogenesis
[18]. Although it does not directly bind to DNA, HBx
enhances the activity of nuclear transcription factors via
interaction with specific proteins [19, 20]. HBx can
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expression of its target genes associated with apoptosis
[20]. In addition, HBx can activate multiple oncogenic
signaling pathways, including the NF-xB, JAK/STAT,
Ras/Raf/MAPK (mitogen-activated protein kinase),
PI3K (phosphatidylinositol 3 kinase)/Akt, and Wnt/p-
catenin pathways [21, 22]. Notably, data from several
studies reveled that HBx also enhances telomerase
activity, although its effects are under debate [23].
Compelling evidence has suggested that HBx activates
telomerase activity via up-regulating TERT mRNA
expression. HBx is also proved to induce telomere
shortening by acting as a transcriptional corepressor of
myc-associated zinc finger (MAZ) protein on the TERT
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Figure 2. Knockdown of NHP2 inhibits proliferation of PLC/PRF5 hepatoma cells with stable HBx overexpression or not. (A)
The NHP2 mRNA was determined after PLC/PRF5 cells were transfected with ShRNA-NC, shRNA-NHP2-1 or shRNA-NHP2-2. (B) The NHP2
mRNA was determined after HBx-overexpressed PLC/PRF5 cells were transfected with shRNA-NC, shRNA-NHP2-1 or shRNA-NHP2-2. (C)
Representative western blot bands together with quantitative analysis for NHP2 expression in PLC/PRF5 cells of different groups. (D) Cell
viability of PLC/PRF5 cells that stably overexpressed HBx or not in the absence or presence of NHP2 knockdown. (E) Representative colony
formation assay of PLC/PRF5 cells from various groups. Ov: overexpression, NC: negative control, HBx: Hepatitis B virus X. "P<0.05, **P<0.01

and *"P<0.001.
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previous studies, in which HBx was suggested to
function as a promoter in hepatocellular carcinogenesis
and enhance the activity of telomerase and TERT via
trans-activation [9, 20, 25, 26].

Although a study from Su et al unexpectedly found the
HBx-mediated suppression on human telomerase
promoter, their findings have also provided evidence for
the oncogenic property of HBx [27]. In a word, the active
effects of HBx on telomerase and TERT have been fully
evidenced by others’ and our studies. Therefore, to disturb
the actions of HBx on TERT may be a valuable therapy
for treating HBV-induced HCC. NHP2 is the component
of TERT complex, in which the deficiency of any
component will lead to its instability [28]. Importantly, the
increased expression of NHP2 is related to hepato-
carcinogenesis. Herein, we speculated that knockdown of
NHP2 would inhibit HBx-induced hepatocarcinogenesis
via decreasing TERT expression and disrupting the
stability of telomerase complex. HBx was promoted in
human hepatoma cell line PLC/PRF5 to simulate HBXx-
induced HCC, and shRNA-NHP2-1 was subsequently
transfected into cells to knockdown NHP2. As expected,
our results unveiled that the proliferation ability together
with telomerase activity and TERT expression were
significantly reduced, while apoptotic level was obviously
enhanced in the presence of NHP2 knockdown. Results
from in vivo xenograft model also confirmed the findings
of in vitro. These results displayed that knockdown of
NHP2 could actually prevent hepatocarcinogenesis
induced by HBx overexpression. In addition, we also
confirmed the interaction between NHP2 and TERT,
indicating the modulatory effect of NHP2 knockdown on
TERT expression. Interestingly, we also observed that in
PLC/PRF5 cells without HBx overexpression, knock-
down of NHP2 could still exert anti-hepato-carcinogenic
effects both in vitro and in vivo. The protective role of
NHP2 repression in PLC/PRF5 cells without HBX
overexpression was lower than that in HBx-
overexpressing PLC/PRF5 cells. These results implied
that knockdown of NHP2 could prevent the
hepatocarcinogenesis despite of HBx expression pattern,
which could be easily explained considering that the
reactivation of TERT can promote the conversion of
tumor cells and cause HCC [13]. However, the specific
mechanisms involved in the actions of NHP2 on TERT
and telomerase activity remain to be clarified.
Moreover, in this study, all the experiments were
performed on a single cell line PLC/PRF5, further in vitro
and in vivo studies need to be carried out using other
hepatoma cell lines.

Taken together, in the present study, we for the first
time revealed the modulatory effect of NHP2 on HBx-
induced HCC. Our results showed that knockdown of
NHP2 could suppress hepatocarcinogenesis associated

with HBx overexpression both in vitro and in vivo,
which could be explained by the disruption of TERT
complex stability. Therefore, inhibition of NHP2
expression may provide a novel therapeutic approach
for treating or preventing HBx-induced HCC.

MATERIALS AND METHODS
Cell culture

Human hepatoma cell line PLC/PRF5 was incubated
with DMEM medium supplemented with 10% FBS and
1% antibiotics (penicillin and streptomycin) in an
environment of 37°C containing 5% CO,. The medium
was changed within 1 to 3 days depending on the
growth of the cells, and cells were passaged under cell
confluence more than 85%.

Cell transfection

The full length HBx sequence was constructed in
mammalian expression vector pcDNA3.1 (Invitrogen,
USA) and then transfected into PLC/PRF5 cells using
Lipofectamine 2000 reagents (Invitrogen, USA)
according to manufacturer’s protocols. At 48 h after
transfection, the transfected cells were grown in selection
medium containing 500 mg/ml G418. PLC/PRF5 cells
stably overexpressing HBx were selected after formation
of resistant clones. Cells that transfected with empty
pcDNAS3.1 vectors were used as negative control.

NHP2 short hairpin (sh)-RNA plasmids (CCGGGTCAT
GTGTGAGGACCGAAATC-TCGAGATTTCGGTCC
TCACACATGACTTTTTG; Santa Cruz Biotechnology,
USA) or scrambled shRNA (shRNA-NC) were
transfected into PLC/PRF5 cells by Lipofectamine 2000
reagent (Invitrogen, USA). The NHP2 expression was
assessed by real-time quantitative polymerase chain
reaction (RT-qPCR) assays.

CCK-8

For the assessment of cell proliferation, PLC/PRF5 cells
stably transfected with HBx or empty vectors in the
absence or presence of NHP2 knockdown were
analyzed by Cell Counting Kit-8 (CCK-8). At 48 h post-
transfection, 10ul CCK-8 working solution was added
to each well, followed by incubation for 2 h under
normal cell culture condition. Finally, the optical
density (OD) was evaluated at the 450 nm wavelength
using a microplate reader.

Colony formation

For the assessment of colony formation, cell suspension
was resuspended with 1 ml DMEM medium in the
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presence of 20% FBS and 0.9% methylcellulose
medium (Sigma, USA). After being incubated in 24-
well plates for 2 weeks, a colony with more than 50
cells was counted as a positive colony. The colony
forming ability was calculated by a percentage of the
number of colonies in the test group to the control

group.
Western blot

Protein extraction from cultured PLC/PRF5 cells was
performed using RIPA lysis buffer (Thermo Fisher
Scientific, Inc.). Total proteins from tumor tissues were
extracted using lysis buffer containing 10 mM Tris PH
7.6, 50 mM NaCl, 1 mM EDTA, 1 mM phenyl-
methanesulfonyl fluoride (PMSF), 1% TritonX-100, 2.5
mM sodium pyrophosphate, 1% NazVOas, 0.5 pg/ml
leupeptin and other phosphatase inhibitors, and
homogenized by an electric homogenizer.

All protein samples were quantified by a bicinchoninic
acid kit (Thermo Fisher Scientific, Inc) and equal
amounts of protein were subjected to SDS-PAGE,
followed by transferring onto PVVDF membranes (Bio-
Rad Laboratories, Inc.). The membranes were blocked
with 5% non-fat milk at 37°C for 1 h, after which the
membranes were cultivated with the following primary
antibodies (Abcam) overnight at 4°C: anti-HBx
(ab39716, 1:500), anti-TERT (ab32020, 1:1000), anti-
NHP2 (ab180498, 1:1000), anti-Bcl2 (ab59348,
1:1,000), anti-Bax (ab32503, 1:1,000), anti-cleaved
caspase-3 (ab2302, 1:500) and anti-GAPDH (ab8245,
1:10000). Then, the membranes were incubated with
HRP-conjugated goat anti-rabbit 1gG (1:10000) for 2 h
at room temperature. The results were visualized using
electrochemiluminescence system (Amersham Imager
600; GE Healthcare). Image J software (1.8.0_112,
National Institutes of Health) was utilized for densito-
metric analysis of western blot.

The interaction of TERT and NHP2 in PLC/PRF5 cells
was validated by co-immunoprecipitation (Co-IP)
method. For Co-IP assay, the soluble protein samples
were pre-incubated with protein G/A-agarose (Cell
signaling Biotechnology, Germany) at 4°C overnight
and then incubated with 100uL of protein G/A-agarose
pre-coupled to primary antibodies for at least 3 h. The
mixtures were then washed, boiled, and subjected to
western blot.

Flow cytometry

Cell apoptosis was assessed by flow cytometry using
propidium iodide (PI) staining. Briefly, cells were
gently washed twice with PBS, digested with 0.25%
trypsin and centrifuged at 200 x g for 5 min. After the

resuspension of the cell pellet with 1 ml NaCl/Pi
supplemented with 100pug/ml RNase, the cells were
incubated with Pl for 15 min in the dark and
immediately analyzed by flow cytometry (BD
FACSCanto IT; Becton, Dickinson and Company). Data
were dissected by flow cytometry software (FlowJo 7.6;
Becton, Dickinson and Company).

Detection of telomerase activity

The isolation of genomic DNA was finished using
DNAzol regent (Cat. NO. 10503-027; Invitrogen;
Thermo Fisher Scientific, Inc) according to the
manufacture’s instruction. Then, the telomerase activity
was detected by RT-gPCR using kits (Cat. NO.
KGA1028H; KeyGEN BioTECH). The following
thermocycling conditions were used for the qPCR:
Initial denaturation at 95°C for 10 min; and 40 cycles of
95°C for 15 sec and 60°C for 30 sec, followed by
default of melt curve (Applied Biosystems 7500;
Thermo Fisher Scientific, Inc.).

Nude mice xenograft model

All animal studies were performed in accordance with
the Care and Use Guide of Laboratory Animals of the
National Institutes of Health, with the approval of the
Animal Studies Ethics Committees of the Shenzhen
People’s Hospital (IACUC-20180822-1). PLC/PRF5
cell lines stably expressing HBx or not were injected
into the six-week old male BALB/C nude mice
(Animal Experiment Center of Shenzhen People’s
Hospital). When the average tumor diameter reached
0.4-0.5 cm, shRNA-NHP2 or shRNA-NC was injected
into tumor every 3 days for three times. Control mice
were injected with normal saline. At the 21 day after
first injection, all mice were euthanized, tumors were
removed, and tumor volume was calculated by the
following equation: tumor volume (mm® = length
(mm) x width? (mm?) /2.

Statistical analysis

Data were derived from at least three independent
experiments and were presented as mean + standard
deviation. The statistical analyses were conducted using
GraphPad Prism 6 (GraphPad Software, Inc.) and group
statistical comparisons were assessed by one-way
ANOVA followed by Turkey’s post hoc test. P<0.05
was considered to indicate statistically significant
differences.
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