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LncRNA SNHG14 promotes hepatocellular
carcinoma progression via H3K27 acetylation
activated PABPC1 by PTEN signaling
Hui Zhang1, Hong-Bo Xu1, Erxat Kurban1 and Hong-Wu Luo 1

Abstract
Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide. LncRNA small nucleolar RNA host gene
14 (SNHG14) functions as an oncogene in a variety of cancers. However, the role of SNHG14 in HCC remains elusive.
The aim of this study is to unravel the functional role and regulatory mechanism of SNHG14 in HCC. A cohort of 40
HCC tumor tissues and paired adjacent normal tissues were collected. Histopathological changes were analyzed by
hematoxylin and eosin and immunohistochemistry. qRT-PCR and western blotting were performed to determine the
levels of SNHG14, PABPC1, and PTEN signaling molecules. CCK-8, immunofluorescence, and colony formation assays
were conducted to monitor cell proliferation. Wound healing and tube formation assays were employed to determine
cell migration and angiogenesis. ChIP assay was performed to investigate the enrichment of H3K27 acetylation in
PABPC1 promoter. Xenograft mice model was constructed to further verify the SNHG14/PABPC1 axis in vivo. SNHG14
was highly expressed in HCC tissues and cells, which promoted cell proliferation, migration, and angiogenesis in
Hep3B and HepG2 cells. PABPC1 functioned as a downstream effector of SNHG14. SNHG14 dramatically induced
upregulation of PABPC1 via H3K27 acetylation. In addition, SNHG14/PABPC1 promoted cell proliferation and
angiogenesis via PTEN signaling pathway in vitro and in vivo. SNHG14 promoted cell proliferation and angiogenesis
via upregulating PABPC1 through H3K27 acetylation and modulating PTEN signaling in the tumorigenesis of HCC.

Introduction
Hepatocellular carcinoma (HCC), the primary malig-

nancy of liver, is the fifth most common cancer and the
third deadliest cancer worldwide1. Currently, liver trans-
plantation and surgical resection remain the principal
treatment of HCC. For the treatment of advanced HCC,
sorafenib is the most commonly used systemic medica-
tion2,3. Despite the recent advances in liver transplanta-
tion and surgery, the prognosis of HCC remains poor.
Patients with HCC who are diagnosed in late stages might
be excluded from receiving a liver transplant or surgical
resection. In addition, high recurrence and metastasis are
also associated with poor prognosis2. Therefore, it is

critical to unravel the underlying mechanism and identify
the novel therapeutic targets for HCC.
In recent years, emerging evidence indicates that long

noncoding RNAs (lncRNAs, transcripts > 200 nucleotides
in length) play important roles in a variety of biological
processes at epigenetic, transcriptional, and post-
transcriptional levels4. More important, the critical roles
of lncRNAs in tumorigenesis and cancer progression
gained increasing attentions5,6. Previous studies have
demonstrated that small nucleolar RNA host gene 14
(SNHG14), also known as UBE3A-ATS, exerted onco-
genic functions in various types of cancers, including clear
cell renal cell carcinoma, gastric cancer, non-small cell
lung cancer (NSCLC), cervical cancer, breast cancer, and
bladder cancer7–12. For instance, SNHG14 promotes cell
proliferation via sponging miR-340 in NSCLC cells12. A
recent study illustrated that SNHG14 promotes
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proliferation, invasion, and trastuzumab resistance via
modulating poly(A) binding protein cytoplasmic 1
(PABPC1) expression through H3K27 acetylation in
breast cancer cells8. However, the expression pattern,
biological function, and underlying regulatory mechanism
of SNHG14 in HCC remain largely unclear.
In the present study, we demonstrated that SNHG14

was significantly upregulated in HCC tissues and cells,
which promoted cell proliferation, migration, and angio-
genesis via regulating PABPC1 in Hep3B and HepG2
cells. Besides, SNHG14 positively regulated PABPC1 via
H3K27 acetylation in the promoter of PABPC1. Func-
tional experiments revealed that SNHG14/PABPC1 axis
exerted oncogenic functions via inhibiting PTEN pathway
in vitro and in vivo.

Materials and methods
Collection of clinical specimens
A cohort of 40 HCC tissues and paired adjacent normal

tissues were obtained from patients with HCC in The
Third Xiangya Hospital of Central South University. The
study was approved by the Ethics Committee of The
Third Xiangya Hospital of Central South University and
consents from all patients were obtained. The relationship
between SNHG14 expression and clinical characteristics
of HCC patients is shown in Table 1. All experiments
were conducted in accordance with provisions of the
Declaration of Helsinki and Good Clinical Practice
guidelines. None of the patients received preoperative
treatment.

Hematoxylin and eosin (H&E) staining and
immunohistochemistry (IHC)
Tumors were harvested and fixed with 4% formaldehyde

at 4 °C for 24 h. Tissues were then embedded using par-
affin and sectioned serially. The slides were dewaxed and
stained with H&E for histopathological analysis. For IHC
analysis, paraffin sections were deparaffinized, rehydrated,
and subjected to antigen retrieval. Slides were then
blocked with 10% normal goat serum and incubated with
anti-Ki67 (1:500, Abcam, Cambridge, MA, USA), anti-
CD31 antibody (1:100, Thermo Fisher Scientific), PTEN
(1:100, Cell Signaling Technology, Beverly, MA, USA), or
VEGF (1:100, Cell Signaling Technology) at 4 °C over-
night, followed by an incubation with biotinylated sec-
ondary antibody and streptavidin-HRP. Immunoreactivity
was visualized using AEC solution (Thermo Fisher
Scientific).

Cell culture and lentiviral transfection
Human hepatic cell line L02 cells, human HCC cell lines

Hep3B, SMMC7721, Huh7, HepG2, and MHCC-97H
cells were the Xiangya Experiment Center (Changsha,
China), and had been authenticated before use. Human

umbilical vein endothelial cells (HUVECs) were pur-
chased from ATCC (Manassas, VA, USA). Cells were
tested without contamination with mycoplasma. Cells
were cultured in DMEM containing 10% FBS (Gibco,
Thermo Fisher Scientific, Waltham, MA, USA), 100 U/ml
penicillin, and 100 μg/ml streptomycin, respectively. Cells
were grown in a humidified incubator at 37 °C and 5%
CO2. A specific PTEN inhibitor, SF1670 (5 μM, 24 h) was
purchased from MedChemExpress (Monmouth Junction,
NJ, USA).
The full-length of SNHG14 and PABPC1 mRNA were

amplified and cloned into the lentivirus vector (named as
Lv-SNHG14 and Lv-PABPC1) for producing the retro-
virus in HepG2 cells by GeneChem (Shanghai, China).
The negative control vectors were also synthesized
(named as Lv-NC). Similarly, the lentivirus containing the
short hairpin RNA (shRNA) sequences against SNHG14
and PABPC1 or the short hairpin negative control (shNC)
was also obtained from GeneChem. All the vectors con-
tain green fluorescence protein (GFP). Transfection was
conducted using Lipofectamine 3000 transfection reagent
(Invitrogen, Thermo Fisher Scientific) according to the
manufacturer’s instructions. Twenty-four hours after
transfection, cells were subjected to evaluate transfection

Table 1 Relationship between SNHG14 expression and
clinical characteristics of HCC patients.

Clinical No. of cases SNHG14 expression

Low (n= 18) High (n= 22)

Age (years)

<59 15 11 4

≥59 25 7 18

Gender

Male 21 13 8

Female 19 5 14

Tumor size

<5 cm 12 10 2

≥5 cm 28 8 20

HBV infection

Positive 30 11 19

Negative 10 7 3

AFP (μg/L)

<400 13 3 10

≥400 27 15 12

Histologic grade

Well and moderate 25 14 11

Low 15 4 11

TNM stage

I/II 27 12 15

III/IV 13 6 7

PVTT

Yes 11 2 9

No 29 16 13
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efficiency. Forty-eight hours after transfection, cells were
harvested for the following experiments.

RNA isolation and quantitative PCR (qRT-PCR)
Total RNA were isolated from tissues and cells using

TRIzol reagent (Invitrogen). First-strand cDNA was syn-
thesized using Reverse Transcriptase SuperScript III
(Invitrogen). The following primers were used in this
study: SNHG14 (forward: 5′-GGGTGTTTACGTAGACC
AGAACC-3′, reverse: 5′-CTTCCAAAAGCCTTCTGCC
TTAG-3′); PABPC1 (forward: 5′-AGCAAATGTTGGGT
GAACGG-3′, reverse: 5′-ACCGGTGGCACTGTTAACT
G-3′); and GAPDH (forward: 5′-GAAGGTGAAGGTCG
GAGTC-3′, reverse: 5′-GAAGATGGTGATGGGATTT
C-3′). qRT-PCR was conducted using Power SYBR Green
Master Mix (Applied Biosystems, Thermo Fisher Scien-
tific) and ABI PRISM 7500 real-time PCR system (Applied
Biosystems) according to the manufacturer’s instructions.
GAPDH was used as an internal control. The specificity of
the fluorescent signal was verified by both melting curve
and gel electrophoresis. The expression level of the target
gene was determined using 2−ΔΔCT method.

Cell proliferation assay
Cell proliferation was determined using Cell Counting

Kit-8 (CCK-8) (Beyotime, Haimen, China) according to
the manufacturer’s instructions. In brief, cells (2 × 103

cells per well) were seeded in 96-well plates 24 h prior to
the lentiviral transfection. At 48 h after transfection, 10 μl
CCK-8 solution was added into each well and incubated
for 1 h at 37 °C. Absorbance was measured at a wave-
length of 450 nm by the use of microplate reader (Mole-
cular Device, Menlo Park, CA, USA). All experiments
were performed in triplicate.

Immunofluorescence microscopy
Hep3B and HepG2 cells were fixed in 4% paraf-

ormaldehyde and permeabilized with 0.1% Triton X-100
for 10min. Cells were then rinsed with PBS and blocked
with 10% normal goat serum for 1 h. This is followed by
an incubation with anti-Ki67 antibody (1:500, Abcam,
Cambridge, MA, USA) at 4 °C overnight. Cells were rinsed
with PBS before incubation with Alexa Fluor 594 con-
jugated secondary antibody (Molecular Probes, Thermo
Fisher Scientific). Slides were mounted in Prolong Gold
Antifade reagent with DAPI (Thermo Fisher Scientific).
Images were obtained using Nikon Fluorescence Micro-
scope (Nikon Instruments, Inc.).

Colony formation assay
Hep3B and HepG2 cells were seeded on six-well plates

(0.5 × 103 cells per plate) and subjected to lentiviral
transduction. Cells were then cultured for 14 days.

Medium was replaced every 3 days. The colonies were
fixed with 10% formaldehyde and stained with 0.1%
crystal violet. Viable containing at least 50 cells were
counted. All experiments were repeated at least
three times.

Wound healing assay
Cell migration was evaluated by performing wound

healing assay. Hep3B or HepG2 cells were seeded in six-
well plates and grown to 90% confluence. The cell
monolayer was lightly scratched using a sterile 200 μl
micropipette tip. The floating cell debris was carefully
removed. Wound closure was observed and evaluated in
five random fields using and inverted microscope (Carl
Zeiss, Germany) at 24 h. Triplicate wells for each treat-
ment were examined.

Tube formation assay
Tube formation assay was performed as previously

described13. In brief, the conditioned medium was the
suspension from Hep3B or HepG2 cells transfected with
different lentiviral construct(s) for 48 h. Then, HUVECs
(6 × 104 cells per well) were collected and cultured in 24-
well plates with the conditioned medium and each well
was coated with 50 μl growth-factor-reduced Matrigel
(BD Biosciences, San Jose, CA, USA). The capillary-like
structures were acquired using Zeiss inverted microscope
(Carl Zeiss) 24 h later.

Western blotting
Protein lysates from tissues or cells were prepared in IP

lysis buffer (Pierce, Thermo Fisher Scientific). Protein
concentration was determined by BCA Protein Assay
(Pierce). Protein extracts were then separated on SDS-
PAGE, transferred onto PVDF membrane (Millipore,
Billerica, MA, USA) and blocked with 5% nonfat milk.
Membrane was then incubated with primary antibodies,
including PABPC1 (1:1000, Abcam), PTEN (1:1000, Cell
Signaling Technology), VEGF (1:1000, Cell Signaling
Technology), PI3K (Cell Signaling Technology), p-PI3K
(1:1000, Cell signaling technologies), Akt (1:1000, Cell
Signaling Technology), p-Akt (1:1000, Cell Signaling
Technology), and β-actin (1:1000, Abcam) at 4 °C over-
night. The blots were then incubated with corresponding
secondary antibody (Thermo Fisher Scientific) for 1 h and
visualized using SuperSignal West Pico PLUS Chemilu-
minescent Substrate (Pierce).

Enzyme linked immune-sorbent assay (ELISA)
To examine the alteration of VEGF release in HCC cells

from culture medium supernatant, ELISA kit (Thermo
Fisher Scientific) was performed according to the manu-
facturer’s instructions.
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RNA immunoprecipitation (RIP) assay
RIP was performed using Magna RNA-binding protein

immunoprecipitation kit (Millipore). Hep3B or HepG2
cells were lysed in complete RNA lysis buffer and incu-
bated in RIP immunoprecipitation buffer containing
magnetic beads conjugated with anti-AGO2 antibody or
mouse IgG control. The immunoprecipitated RNAs were
then isolated by Proteinase K and subjected to qRT-PCR.

Chromatin immunoprecipitation (ChIP) assay
ChIP assay was performed using Pierce Agarose ChIP

kit (Pierce) according to the manufacturer’s instructions.
Briefly, Hep3B or HepG2 cells were transfected with LV-
SNHG14 or sh-SNHG14, respectively. Cells were cross-
linked in 1% formaldehyde and lysed at 48 h post trans-
fection. Chromatin was digested using micronuclease.
Sheared DNA was incubated with anti-H3K27ac antibody
(Abcam). Normal IgG was used as a negative control.
DNA was purified and analyzed by PCR.

Luciferase reporter assay
PABPC1 promoter region was cloned into pGL-3 luci-

ferase reporter vector (Promega, Madison, WI, USA).
Hep3B or HepG2 cells were transiently cotransfected with
the aforementioned plasmids and SNHG14 over-
expressing vector or shRNA and their negative controls,
respectively. Luciferase reporter assay was performed
using Dual Luciferase Reporter Assay System (Promega)
according to the manufacturer’s instructions. Renilla
luciferase activity was used to normalize the differences in
transfection efficiency.

Xenograft study
All animal experiments were undertaken in accordance

with the National Institute of Health guidelines for the
care and use of laboratory animals, with the approval of
the Ethics Committee of The Third Xiangya Hospital of
Central South University, Changsha. Eighteen female
BALB/c nude mice (6–8 weeks old) were purchased from
Slac-Jingda Laboratory Animal (Hunan, China). All mice
were housed in a 12 h light/12 h dark cycle and controlled
environment, for at least 7 days before the experiments. A
total of 1 × 107 HepG2 cells transfected with shNC, sh-
SNHG14, or sh-SNHG14+ LV-PABPC1 were suspended
in 25% Matrigel in serum-free medium DMEM and
injected subcutaneously in the flank of each BALB/c nude
mouse, within the principle of random allocation. The
investigator was blinded to the group allocation during the
experiment. The tumor sizes were measured or subjected
to IHC analysis 4 weeks after subcutaneous inoculation.

Statistical analysis
Data are presented as the means ± standard deviation

(SD) of triplicate assays in three independent experiments.

All data was in a normal distribution, and variance was
similar between the groups that are being statistically
compared. One-way analysis of variance followed by
Tukey’s post hoc test was used for multiple comparisons.
In selected experiments, a two-tailed Student’s t test was
used for paired comparisons. Statistical analysis was per-
formed using the SPSS17.0 (SPSS Inc., Chicago, IL, USA).
Differences were considered significant at P < 0.05.

Results
SNHG14 is highly expressed in HCC tissues and cells
To explore whether SNHG14 plays a role in the

tumorigenesis of HCC, HCC tissues and its paired adja-
cent normal tissues, we obtained, were firstly employed to
evaluate the histopathology. Firstly, we observed that the
damaged structure, irregularly arranged cells, stronger
expression of Ki67 (proliferation marker) and CD31
(angiogenic marker) in tumor tissues, suggesting that
abnormal hyperplasia and angiogenesis in HCC progres-
sion (Fig. 1a). Next, we focused on examining the
expression pattern of SNHG14. As shown in Fig. 1b, c, a
dramatically increased expression of SNHG14 was iden-
tified when compared with that of adjacent normal tis-
sues. Then, human normal hepatocytes L02 and five HCC
cell lines (Hep3B, SMMC7721, Huh7, HepG2, and
MHCC-97H) were employed for further confirmation.
The results identified that there was a significantly ele-
vated expression of SNHG14 in five HCC cell lines when
compared with L02 (Fig. 1d). Besides, among these five
HCC cell lines, relatively low level of SNHG14 was found
in Hep3B cells, whereas it was expressed at a relatively
high level in HepG2 cells (Fig. 1d). Therefore, these two
HCC cell lines were selected for the subsequent gain and
loss experiments. Furthermore, SNHG14 in primary
tumors form HCC patients (n= 40) were determined by
qRT-PCR. A cohort of 40 patients with HCC were divided
into a SNHG14 high expression group (n= 22) and a low
expression group (n= 18). The results showed that
patients with high SNHG14 expression has markedly
poorer prognosis with regard to overall survival than
those with low SNHG14 expression (Fig. 1e). Taken
together, these data suggest that SNHG14 may play an
oncogenic role in HCC progression.

SNHG14 promotes cell proliferation, migration, and
angiogenesis in HCC cells
We further investigated the functional role of SNHG14

in HCC progression in two HCC cell lines. Given that
different endogenous SNHG14 expression were found in
HCC cells, overexpression and knockdown experiments
were performed in Hep3B and HepG2 cells, respectively.
The transfection efficiency was measured by visualizing
GFP fluorescence. As shown in Fig. 2a, robust GFP
fluorescence was detected in the majority of cells. In
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addition, lentiviral transfection of Lv-SNHG14 success-
fully increased SNHG14 level in Hep3B cells, whereas sh-
SNHG14 dramatically decreased SNHG14 level in HepG2
cells (Fig. 2b). From the data of CCK-8 assays, we
observed that overexpression of SNHG14 significantly
promoted cell proliferation, while silencing of SNHG14
markedly inhibited cell growth (Fig. 2c). Similarly,
immunofluorescent staining of Ki67 also verified the
promotion of SNHG14 on cell proliferation (Fig. 2d).
Moreover, colony formation assay showed that the
number of colonies was notably increased in SNHG14
overexpressing Hep3B, whereas knockdown of SNHG14
caused a suppressed colony formation capacity (Fig. 2e).
Furthermore, wound healing assay indicated that
SNHG14 overexpression potentiated the capacity of cell
migration in Hep3B cells, while knockdown of SNHG14
exerted the opposite effects in HepG2 cells (Fig. 2f).
Furthermore, tube formation assays were conducted to
quantify in vitro angiogenesis. As presented in Fig. 2g,
overexpression of SNHG14 induced more branched

capillary structures of HUVEC cells. In contrast, broken
and shorter tubes were observed within SNHG14
knockdown. Collectively, these findings suggest that
SNHG14 may play an oncogenic role of HCC progression.

PABPC1 acts as a downstream effector of SNHG14 in HCC
cells
We further investigated the regulatory mechanism by

which SNHG14 exerted its oncogenic role in HCC. Pre-
vious study has demonstrated that SNHG14 regulates
trastuzumab resistance via targeting PABPC1 expression
through H3K27 acetylation (H3K27ac) in breast cancer8.
Interestingly, in this study, we also identified that PABPC1
was significantly elevated in HCC tissues compared with
paired normal tissues (Fig. 3a, b). Subsequently, the
Pearson’s correlation coefficient analysis further revealed
that SNHG14 was positively correlated with PABPC1
expression in HCC tissues (Fig. 3c). In accordance with
the results of qRT-PCR, western blotting also showed that
PABPC1 is remarkably upregulated in HCC tissue

Fig. 1 SNHG14 is highly expressed in HCC tissues and cells. a H&E staining and IHC analysis of Ki67 and CD31 in HCC and paired adjacent normal
tissues. Scale bar, 50 μm. b, c qRT-PCR analysis was performed to determine the expression of SNHG14 in 40 paired HCC tissues and adjacent
nontumor tissues. d The expression level of SNHG14 in L02 and different HCC cell lines were determined by qRT-PCR. GAPDH served as an internal
control. e Kaplan–Meier survival curves for HCC patients with high SNHG14 expression (n= 22) and those with low SNHG14 expression (n= 18). Data
were representative images or were expressed as the mean ± SD of n= 3 experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 2 (See legend on next page.)
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compared with paired normal tissues (Fig. 3d), indicating
that PABPC1 might also serve as a downstream molecule
of SNHG14 in HCC. Moreover, the RIP assay further
verified the direct interaction between SNHG14 and
PABPC1 in which SNHG14 was enriched by PABPC1 in
both Hep3B and HepG2 cells (Fig. 3e). In order to
investigate whether PABPC1 contributed to SNHG14-
mediated oncogenic effects, gain- and loss-of function
experiments were conducted. Western blotting confirmed
that Lv-PABPC1 and sh-PABPC1 successfully increased
and decreased PABPC1 protein levels in Hep3B and
HepG2 cells, respectively (Fig. 3f). Immunofluorescent
staining and colony formation assays suggested that
knockdown of PABPC1 attenuated SNHG14
overexpression-mediated upregulation of Ki67, as well as
enhanced clonogenic ability in Hep3B cells. In contrast,
overexpression of PABPC1 reversed the suppression of
SNHG14 knockdown on cell proliferation in HepG2 cells
(Fig. 3g, h). Tube formation assay revealed that sh-
PABPC1 abolished the positive effects of SNHG14 over-
expression on angiogenesis in Hep3B cells, whereas
PABPC1 overexpression exerted a rescue effect on
angiogenesis in SNHG14-knockdown HepG2 cells
(Fig. 3i). Taken together, these data indicate that PABPC1
acts as a downstream effector of SNHG14 in HCC cells.

SNHG14 upregulates PABPC1 expression via H3K27
acetylation in HCC cells
In order to understand the exact mechanism by which

SNHG14 modulated PABPC1 expression, we next further
examined whether H3K27ac was also involved in regulating
PABPC1 transcriptional regulation, according to the pre-
vious study. Thus, we performed ChIP assay in Hep3B and
HepG2 cells and the results indicated that significant
enrichment of H3K27ac was observed in PABPC1 promoter
in both HCC cells (Fig. 4a). Predominant nuclear localiza-
tion of SNHG14 was detected by subcellular fractionation
followed by qRT-PCR (Fig. 4b), suggesting that SNHG14
might be involved in H3K27ac-mediated transcriptional
regulation of PABPC1. As shown in Fig. 4c, overexpression
of SNHG14 promoted the enrichment of H3K27ac in
PABPC1 promoter, whereas knockdown of SNHG14
exerted an opposite effect. Moreover, luciferase reporter
assay revealed that overexpression of SNHG14 significantly
increased the luciferase activity of PABPC1 promoter.

Whereas, knockdown of SNHG14 caused the decline of
luciferase activity (Fig. 4d). Since it is well established that
H3K27ac is antagonistic to gene repression14, qRT-PCR
was further conducted to test the effect of SNHG14 on
PABPC1 expression. Lv-SNHG14 significantly induced
PABPC1 mRNA and protein levels in Hep3B cells, while sh-
SNHG14 dramatically reduced PABPC1 expression in
HepG2 cells (Fig. 4e, f). In short, these data indicate that
SNHG14 increased PABPC1 expression via H3K27 acet-
ylation in Hep3B and HepG2 cells.

SNHG14/PABPC1 promotes cell proliferation and
angiogenesis via inhibiting PTEN pathway
Accumulating evidence indicates that PTEN, a well-

known tumor suppressor, is frequently lost or mutated in
HCC15–17. Previous studies have been demonstrated that
PTEN is involved in cell proliferation or angiogenesis via
negatively regulating PI3K/Akt signaling or VEGF
expression, respectively17,18. We thus examined whether
PTEN pathway was involved in SNHG14/PABPC1-
mediated regulation of cell proliferation and angiogenesis
in HCC cells. As expected, IHC revealed that PTEN was
significantly downregulated in HCC tissues, whereas
VEGF was prominently expressed in HCC tissues com-
pared with paired normal tissues (Fig. 5a). ELISA assay
further showed that the secreted VEGF was much higher
in the cell supernatants of Hep3B and HepG2 cells when
compared with that of L02 cells (Fig. 5b). Consistently,
downregulated PTEN and upregulated VEGF protein
expression were found in Hep3B and HepG2 cells
(Fig. 5c). Gain- and loss-of-function experiments also
showed that Lv-SNHG14 suppressed PTEN expression,
thus leading to upregulation of VEGF and activation of
PI3K/Akt signaling in Hep3B cells. In addition, knock-
down of PABPC1 inhibited Lv-SNHG4-activated PTEN
signaling (Fig. 5d). By contrast, sh-SNHG14 exerted an
opposite effect in HepG2 cells, while overexpression of
PABPC1 attenuated the effect of sh-SNHG14 (Fig. 5d).
Subsequently, functional researches of colony formation
and tube formation assays showed that Lv-SNHG14-
mediated enhanced clonogenic ability and angiogenesis
were partially abolished by sh-PABPC1, while PTEN
inhibitor SF1670 further rescued the impaired clonogenic
ability and angiogenesis in Hep3B cells (Fig. 5e, f). In
contrast to Lv-SNHG14, sh-SNHG14+ Lv-PABPC1

(see figure on previous page)
Fig. 2 SNHG14 promotes cell proliferation, migration, and angiogenesis in HCC cells. Hep3B and HepG2 cells were transfected with lentiviral
vector containing full-length SNHG14 or sh-SNHG14, respectively. a The oligonucleotides labeled with GFP green fluorescence was transfected.
b qRT-PCR assay was subjected to certify the transfection efficiency to examine the change of SNHG14 expression. c Cell viability was monitored
using CCK-8 assay. d Ki67 expression was determined by immunofluorescence. Scale bar, 100 μm. e The capacity of cell proliferation was determined
by colony formation assay. f Cell migration was monitored by wound healing assay. g In vitro angiogenesis was quantified by tube formation assays.
Data were representative images or were expressed as the mean ± SD of n= 3 experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 3 (See legend on next page.)
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(see figure on previous page)
Fig. 3 PABPC1 acts as a downstream effector of SNHG14 in HCC cells. a, b qRT-PCR analysis was presented to detect the expression pattern of
PABPC1 in 40 paired HCC tissues and adjacent nontumor tissues. c The correlation between SNHG14 and PABPC1 were analyzed by the Pearson
correlation coefficient. d The protein level of PABPC1 was determined by western blotting. β-actin served as a loading control. e The direct
interaction between SNHG14 and PABPC1 was verified by RIP. f The protein level of PABPC1 was determined by western blotting. g Colony formation
assay was employed to evaluate the role of PABPC1 for colony formation. h Immunofluorescence staining was performed to assess the expression of
Ki67 expression in HCC cells. Scale bar, 100 μm. i In vitro angiogenesis was quantified by tube formation assays. Data were representative images or
were expressed as the mean ± SD of n= 3 experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

Fig. 4 SNHG14 upregulates PABPC1 expression via H3K27 acetylation in HCC cells. a The interaction between H3K27ac and PABPC1 promoter
region was determined by ChIP assay. b The expression of SNHG14 in cytoplasm and nucleus of HCC cells. c The effect of SNHG14 on the direct
binding between H3K27ac and PABPC1 promoter region was determined by ChIP assay. d Relative luciferase activity was determined by dual
luciferase reporter assay. Renilla luciferase activity acted as an internal control. e, f PABPC1 mRNA ad protein levels were determined by qRT-PCR and
western blotting. Data were representative images or were expressed as the mean ± SD of n= 3 experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 5 SNHG14/PABPC1 promotes cell proliferation and angiogenesis via inhibiting PTEN pathway. a IHC analysis of PTEN and VEGF in HCC
and paired adjacent normal tissues. Scale bar, 50 μm. b The VEGF level in cell culture supernatant was determined by ELISA assay. c Protein levels of
PTEN and VEGF in L02 and HCC cells were determined by western blotting. β-actin served as a loading control. d Protein levels of the key
components of PTEN signaling were determined by western blotting. β-actin served as a loading control. e Clonogenic ability was determined by
colony formation assay. f In vitro angiogenesis was quantified by tube formation assays. Data were representative images or were expressed as the
mean ± SD of n= 3 experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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promoted colony formation and angiogenesis when
compared with sh-SNHG14 alone, whereas SF1670
abrogated this effect in HepG2 cells (Fig. 5e, f). Taken
together, these data suggest that SNHG14/PABPC1 axis
may promote cell proliferation and angiogenesis via
inhibiting PTEN signaling.

SNHG14/PABPC1 promotes tumor progression via PTEN
signaling in vivo
To further verify the regulatory network of SNHG14/

PABPC1 in vivo, nude mice xenograft models were gen-
erated by subcutaneous injection of SNHG14-knockdown
HepG2 cells, sh-SNHG14+ Lv-PABPC1-transfected
HepG2 cells, or control cells. Tumors were harvested
7 weeks post implantation. We observed that silencing of
SNHG14 induced a remarkable reduction in tumor size,
while overexpression of PABPC1 impaired the suppres-
sion of SNHG14 knockdown on tumor growth (Fig. 6a–c).
To delineate the underlying mechanism, the harvested
tumors were further subjected to IHC and western blot-
ting analysis. IHC staining further indicated that the
dramatically decreased expression of Ki67 and CD31
induced by sh-SNHG14 was reversed by PABPC1 over-
expression (Fig. 6d). Consistent with the previous in vitro
findings, knockdown of SNHG14 also induced PTEN
expression, further leading to reduction of VEGF and
inactivation of PI3K/Akt signaling, while the PTEN
expression was repressed and the PI3K/Akt signaling was
reactivated by overexpression of PABPC1 (Fig. 6e). These
in vivo data imply that SNHG14/PABPC1 promotes
tumor progression via PTEN signaling in vivo.

Discussion
In recent years, high-throughput sequencing provides a

better understanding of HCC-related lncRNAs. A large
number of dysregulated lncRNAs have been identified,
and they are associated with a variety of biological pro-
cesses in HCC, such as cell proliferation, apoptosis,
migration, invasion, and angiogenesis19–21. Emerging
researches have revealed that SNHG family plays impor-
tant roles in tumorigenesis and the immune escape of
cancer via sponging miRNA22–24. In HCC, SNHG5 is
dramatically upregulated and closely associated with
several clinicopathological parameters, such as tumor size,
TNM stage, etc. Functional study revealed that SNHG5
exerts its oncogenic effect via miR-26a-5p/GSK3β axis
and Wnt/β-catenin signaling in HCC cells25. Apart from
SNHG5, a more recent study has illustrated the important
roles of SNHG3 in epithelial–mesenchymal transition and
sorafenib resistance in HCC cells12. Several studies have
demonstrated that SNHG14 functions as oncogene in
various cancers; however, the biological function of
SNHG14 in HCC remains largely elusive. In this study,
increased expression of SNHG14 was observed in HCC

tissues and cell lines. Overexpression and knockdown
experiments further revealed the oncogenic role of
SNHG14 in cell proliferation, migration, and angiogenesis
in Hep3B and HepG2 cells, suggesting that SNHG14 also
acts as an oncogene in HCC.
The aberrant expression and critical function of

SNHG14 in HCC promotes us to further unravel the
underlying regulatory mechanism. Interestingly, our pre-
liminary experiments showed that PABPC1 expression
was higher in HCC tissues and cells compared with nor-
mal controls. PABPC1, a member of conserved PABPC
gene family, plays crucial roles in poly(A) shortening,
recruitment of ribosome, and translation initiation via
specifically binding to poly(A) tail of mRNA in cyto-
plasm26. More important, previous studies also illustrated
that PABPC1 interacts with argonaute 2 (AGO2) and
contributes to miRNA-mediated gene silencing in high-
grade HCC27. In addition to PABPC1-mediated inhibition
efficiency of miRNA, our findings indicated that PABPC1
acted as a downstream effector of SNHG14 in HCC cells.
Silencing of PABPC1 attenuated SNHG14-induced cell
proliferation and angiogenesis in Hep3B cells, whereas
overexpression of PABPC1 abrogated the effect of sh-
SNHG14 on cell proliferation and angiogenesis in HepG2
cells. Moreover, it is worth noting that AGO2, which is an
active part of RNA-induced silencing complex, is essential
for miRNA maturation and small RNA-guided gene
silencing28. In HCC, AGO2 regulates angiogenesis via
PTEN/VEGF signaling29, strongly suggesting that
SNHG14 might modulate angiogenesis via PABPC1/
AGO2 in HCC. Further investigation is required to vali-
date this hypothesis.
Histone acetylation is one of the major histone mod-

ification type involved in the regulation of chromatin
structure remodeling and transcription. It is well estab-
lished that acetylation neutralizes the positive charge of
lysine to unfold the chromatin structure, thus leading to
attenuated interaction between DNA and histone, as well
as enhanced transcriptional activity30. Genome bioinfor-
matics analysis (http://genome.ucsc.edu/) indicated that
H3K27ac was highly enriched in the promoter region of
PABPC1. ChIP assay confirmed the enrichment of
H3K27ac in PABPC1 promoter region in both Hep3B and
HepG2 cells. Subsequent subcellular fractionation
revealed that SNHG14 was predominantly expressed in
nucleus, indicating its potential role in the regulation of
gene transcription. Notably, dysregulation of SNHG14
positively regulated PABPC1 expression via H3K27ac in
HCC cells. This finding is consistent with a previous study
that demonstrated that SNHG14 promotes breast cancer
tumorigenesis and chemoresistance via regulating
PABPC1 expression through H3K27ac8, indicating that
SNHG14 might regulate PABPC1 expression by similar
mechanism in different types of cancers.
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PTEN, a well-known tumor suppressor, is commonly
dysregulated in HCC15,16. Previous studies have illustrated
that PTEN exerted its anti-oncogenic effect via antagoniz-
ing PI3K/Akt signaling18,31,32. In HCC, the critical con-
tributor of angiogenesis VEGF is frequently upregulated33.
It has been reported that PTEN regulates angiogenesis and
VEGF expression in HepG2 cells17. Consistently, our find-
ings showed that PTEN was significantly downregulated,
whereas VEGF was dramatically upregulated in HCC tis-
sues compared with normal tissue counterparts. Colony and
tube formation assays revealed that PTEN/PI3K/Akt and

PTEN/VEGF signaling contributes to SNHG14/PABPC1-
regulated cell proliferation and angiogenesis. Activation of
PI3K/Akt contributes to cell proliferation, survival, and
migration, and VEGF plays an important role in angio-
genesis31,32,34, indicating that SNHG14/PABPC1 might
regulate cell proliferation and angiogenesis via PTEN/PI3K/
Akt and PTEN/VEGF signaling, respectively.
In conclusion, SNHG14 promoted cell proliferation and

angiogenesis via upregulating PABPC1 through H3K27
acetylation and modulating the PTEN signaling in Hep3B
and HepG2 cells.

Fig. 6 SNHG14/PABPC1 promotes tumor progression via PTEN signaling in vivo. a Photographs of tumor that developed in xenograft
transplanted nude mouse tumor models in different groups. b Quantitative analysis of tumor volumes. c Quantitative analysis of tumor weights.
d IHC analysis of Ki67 and CD31 in tumors of different groups. Scale bar, 50 μm. e Protein levels of the key components of PTEN signaling were
determined by western blotting. β-actin served as a loading control. Data were representative images or were expressed as the mean ± SD of n= 3
experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

Zhang et al. Cell Death and Disease          (2020) 11:646 Page 12 of 13

Official journal of the Cell Death Differentiation Association



Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 24 October 2019 Revised: 27 March 2020 Accepted: 27 March
2020

References
1. Gerbes, A. et al. Gut roundtable meeting paper: selected recent advances in

hepatocellular carcinoma. Gut 67, 380–388 (2018).
2. Dhir, M. et al. A review and update of treatment options and controversies in

the management of hepatocellular carcinoma. Ann. Surg. 263, 1112–1125
(2016).

3. Daher, S., Massarwa, M., Benson, A. A. & Khoury, T. Current and future treat-
ment of hepatocellular carcinoma: an updated comprehensive review. J. Clin.
Transl. Hepatol. 6, 69–78 (2018).

4. Mercer, T. R., Dinger, M. E. & Mattick, J. S. Long non-coding RNAs: insights into
functions. Nat. Rev. Genet. 10, 155–159 (2009).

5. Gibb, E. A., Brown, C. J. & Lam, W. L. The functional role of long non-coding
RNA in human carcinomas. Mol. Cancer 10, 38 (2011).

6. Fatima, R., Akhade, V. S., Pal, D. & Rao, S. M. Long noncoding RNAs in
development and cancer: potential biomarkers and therapeutic targets. Mol.
Cell. Ther. 3, 5 (2015).

7. Liu, G., Ye, Z., Zhao, X. & Ji, Z. SP1-induced up-regulation of lncRNA SNHG14 as
a ceRNA promotes migration and invasion of clear cell renal cell carcinoma by
regulating N-WASP. Am. J. Cancer Res. 7, 2515–2525 (2017).

8. Dong, H. et al. Long non-coding RNA SNHG14 induces trastuzumab resistance
of breast cancer via regulating PABPC1 expression through H3K27 acetylation.
J. Cell. Mol. Med. 22, 4935–4947 (2018).

9. Liu, Z., Yan, Y., Cao, S. & Chen, Y. Long non-coding RNA SNHG14 contributes to
gastric cancer development through targeting miR-145/SOX9 axis. J. Cell.
Biochem. 119, 6905–6913 (2018).

10. Ji, N., Wang, Y., Bao, G., Yan, J. & Ji, S. LncRNA SNHG14 promotes the pro-
gression of cervical cancer by regulating miR-206/YWHAZ. Pathol., Res. Pract.
215, 668–675 (2019).

11. Li, J. et al. LncSNHG14 promotes the development and progression of bladder
cancer by targeting miRNA-150-5p. Eur. Rev. Med. Pharmacol. Sci. 23,
1022–1029 (2019).

12. Zhang, Z. et al. Long non-coding RNA SNHG14 exerts oncogenic functions in
non-small cell lung cancer through acting as an miR-340 sponge. Biosci. Rep.
39 (2019). https://doi.org/10.1042/BSR20180941.

13. Premzl, A., Turk, V. & Kos, J. Intracellular proteolytic activity of cathepsin B is
associated with capillary-like tube formation by endothelial cells in vitro. J. Cell.
Biochem. 97, 1230–1240 (2006).

14. Paauw, N. D. et al. H3K27 acetylation and gene expression analysis reveals
differences in placental chromatin activity in fetal growth restriction. Clin.
Epigenetics 10, 85 (2018).

15. Yao, Y. J. et al. PTEN/MMAC1 mutations in hepatocellular carcinomas. Onco-
gene 18, 3181–3185 (1999).

16. Bae, J. J. et al. Loss of heterozygosity on chromosome 10q23 and mutation of
the phosphatase and tensin homolog deleted from chromosome 10 tumor
suppressor gene in Korean hepatocellular carcinoma patients. Oncol. Rep. 18,
1007–1013 (2007).

17. Tian, T. et al. PTEN regulates angiogenesis and VEGF expression through
phosphatase-dependent and -independent mechanisms in HepG2 cells.
Carcinogenesis 31, 1211–1219 (2010).

18. Cully, M., You, H., Levine, A. J. & Mak, T. W. Beyond PTEN mutations: the PI3K
pathway as an integrator of multiple inputs during tumorigenesis. Nat. Rev.
Cancer 6, 184–192 (2006).

19. Li, C. et al. Progress and prospects of long noncoding RNAs (lncRNAs)
in hepatocellular carcinoma. Cell. Physiol. Biochem. 36, 423–434 (2015).

20. Huo, X. et al. Dysregulated long noncoding RNAs (lncRNAs) in hepatocellular
carcinoma: implications for tumorigenesis, disease progression, and liver
cancer stem cells. Mol. Cancer 16, 165 (2017).

21. Xia, Q. et al. Identification of novel biomarkers for hepatocellular carcinoma
using transcriptome analysis. J. Cell. Physiol. 234, 4851–4863 (2019).

22. Meng, Q., Yang, B. Y., Liu, B., Yang, J. X. & Sun, Y. Long non-coding RNA SNHG6
promotes glioma tumorigenesis by sponging miR-101-3p. Int. J. Biol. Markers
33, 148–155 (2018).

23. Pei, X., Wang, X. & Li, H. LncRNA SNHG1 regulates the differentiation of Treg
cells and affects the immune escape of breast cancer via regulating miR-448/
IDO. Int. J. Biol. Macromol. 118, 24–30 (2018).

24. Zhu, Y. et al. Investigating potential molecular mechanisms of carci-
nogenesis and genes as biomarkers for prognosis of gastric cancer
based on integrated bioinformatics analysis. Pathol. Oncol. Res. 25,
1125–1133 (2019).

25. Li, Y. et al. Long non-coding RNA SNHG5 promotes human hepatocellular
carcinoma progression by regulating miR-26a-5p/GSK3beta signal pathway.
Cell Death Dis. 9, 888 (2018).

26. Kuhn, U. & Wahle, E. Structure and function of poly(A) binding proteins.
Biochimi. et Biophys. Acta 1678, 67–84 (2004).

27. Zhang, H. et al. PABPC1 interacts with AGO2 and is responsible for the
microRNA mediated gene silencing in high grade hepatocellular carcinoma.
Cancer Lett. 367, 49–57 (2015).

28. Hock, J. & Meister, G. The argonaute protein family. Genome Biol. 9, 210
(2008).

29. Ye, Z. L. et al. Argonaute 2 promotes angiogenesis via the PTEN/VEGF sig-
naling pathway in human hepatocellular carcinoma. Acta Pharmacol. Sin. 36,
1237–1245 (2015).

30. Kouzarides, T. Chromatin modifications and their function. Cell 128, 693–705
(2007).

31. Chalhoub, N. & Baker, S. J. PTEN and the PI3-kinase pathway in cancer. Annu.
Rev. Pathol. 4, 127–150 (2009).

32. Jiang, B. H. & Liu, L. Z. PI3K/PTEN signaling in angiogenesis and tumorigenesis.
Adv. Cancer Res. 102, 19–65 (2009).

33. Schoenleber, S. J., Kurtz, D. M., Talwalkar, J. A., Roberts, L. R. & Gores, G. J.
Prognostic role of vascular endothelial growth factor in hepatocellular carci-
noma: systematic review and meta-analysis. Br. J. Cancer 100, 1385–1392
(2009).

34. Keniry, M. & Parsons, R. The role of PTEN signaling perturbations in cancer and
in targeted therapy. Oncogene 27, 5477–5485 (2008).

Zhang et al. Cell Death and Disease          (2020) 11:646 Page 13 of 13

Official journal of the Cell Death Differentiation Association

https://doi.org/10.1042/BSR20180941

	LncRNA SNHG14 promotes hepatocellular carcinoma progression via H3K27 acetylation activated PABPC1 by PTEN signaling
	Introduction
	Materials and methods
	Collection of clinical specimens
	Hematoxylin and eosin (H&#x00026;E) staining and immunohistochemistry (IHC)
	Cell culture and lentiviral transfection
	RNA isolation and quantitative PCR (qRT-PCR)
	Cell proliferation assay
	Immunofluorescence microscopy
	Colony formation assay
	Wound healing assay
	Tube formation assay
	Western blotting
	Enzyme linked immune-sorbent assay (ELISA)
	RNA immunoprecipitation (RIP) assay
	Chromatin immunoprecipitation (ChIP) assay
	Luciferase reporter assay
	Xenograft study
	Statistical analysis

	Results
	SNHG14 is highly expressed in HCC tissues and cells
	SNHG14 promotes cell proliferation, migration, and angiogenesis in HCC cells
	PABPC1 acts as a downstream effector of SNHG14 in HCC cells
	SNHG14 upregulates PABPC1 expression via H3K27 acetylation in HCC cells
	SNHG14/PABPC1 promotes cell proliferation and angiogenesis via inhibiting PTEN pathway
	SNHG14/PABPC1 promotes tumor progression via PTEN signaling in�vivo

	Discussion
	Acknowledgements




