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LncRNA ANCR promotes hepatocellular carcinoma metastasis through upregulating
HNRNPA1 expression
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ABSTRACT
LncRNA ANCR plays important roles in the modulation of epithelial mesenchymal transition (EMT) and
tumour metastasis in many tumours. However, the role of ANCR in regulating hepatocellular carcinoma
(HCC) metastasis is still not known. The current study aims to investigate the underlying mechanism for
tumour oncogenesis of ANCR in HCC metastasis. HCC cell proliferation and migration/invasion were
measured by MTT and Transwell assays. Xenograft model was established to determine the effect of
ANCR on HCC growth and metastasis. ChIP assay was used to detect the H3 and H4 histone acetylation
levels at the ANCR promoter region. RNA pull-down and RIP assay was performed to analyse the
relationship between ANCR and heterogeneous nuclear ribonucleoprotein A1 (HNRNPA1). Dual-
luciferase reporter gene assay was conducted to determine the interaction between ANCR and miR-
140-3p. The results indicated that ANCR was highly expressed in HCC tissues and cells, which promoted
the proliferation and migration/invasion of HCC cells. In vivo experiments showed interfering ANCR
suppressed the growth and metastasis of HCC. H3/H4 histone acetylation levels at the ANCR promoter
region were elevated in HCC tissues and cells, and interfering histone deacetylases 3 (HDAC3) signifi-
cantly up-regulated ANCR expression. ANCR could bind to HNRNPA1, and promoted the expression of
HNRNPA1 through regulating its degradation. In addition, ANCR upregulated the expression of
HNRNPA1 through sponging miR-140-3p. Finally, we found that ANCR promoted the EMT and inva-
sion/migration of HCC cells through regulating HNRNPA1. In conclusion, ANCR promoted HCC metas-
tasis by upregulating HNRNPA1, inhibiting HNRNPA1 degradation and sponging miR-140-3p.
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Introduction

Hepatocellular carcinoma (HCC) is one of the common
malignant tumours and the major cause of death in the
world with an increasing number of new cases year by year
[1,2]. Studies have highlighted that chronic hepatitis c virus
infection, alcohol abuse, obesity and metabolic syndrome are
risk factors for HCC. So far, great progress has been made in
the study of the aetiology and prognosis of HCC. However,
the 5-year survival rate of HCC patients after surgical inter-
vention is still not high (approximately 46.8%), mainly due
to frequent metastasis of HCC [3]. Studies indicated that
genes associated with invasion/metastasis of cancer cells are
overexpressed in cancer tissues and cells [4,5]. The expres-
sion of heterogeneous nuclear ribonucleoprotein A1
(HNRNPA1) is elevated in HCC, especially in recurrent
HCC tissues, and high expression of HNRNPA1 is associated
with low survival rate of HCC patients [6]. Besides,
HNRNPA1 overexpression promotes the invasion of HCC,
and can be used as an indicator of poor prognosis for HCC
patients [7]. However, the molecular mechanisms that con-
trol HNRNPA1 expression in HCC metastasis are incomple-
tely understood.

Increasing evidences suggest that long non-coding RNAs
(lncRNAs) are important modulators in tumour metastasis,
and exert its control function through binding to proteins
or sponging microRNAs (miRNAs) [8]. Anti-differentiation
noncoding RNA (ANCR), located on human chromosome
4, is first reported in regulating the progenitor differentia-
tion and is 7.64 × 1090 times more likely to be a noncoding
transcript than protein-coding [9]. It has been proved that
ANCR plays important roles in the modulation of cell
proliferation, migration/invasion, epithelial mesenchymal
transition (EMT) and tumour metastasis in various
tumours [10,11]. In addition, ANCR can regulate EZH2
stability and its downstream molecules expression through
directly binding with EZH2, thus to affect osteosarcoma
and colorectal cancer cell growth, invasion and metastasis
[11,12]. ANCR can also act as a sponge of miR-758 to
regulate Notch2 expression in osteogenic differentiation of
periodontal ligament stem cells [13]. These studies indicate
that ANCR has the ability to binding with protein to
regulate protein level, and sponging miRNA to regulate
the target gene expression. However, whether the dysregu-
lation of ANCR occurs during HCC metastasis is still
unknown.
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In our preliminary experiments, RNA pull-down and Mass
spectrometry assays show that interfering ANCR remarkably
down-regulates the expression of HNRNPA1 in HCC cells,
indicating ANCR can positively regulate HNRNPA1 expres-
sion. In this study, we mainly focus on the impacts of ANCR
on HCC proliferation and migration/invasion, and whether
ANCR regulates HNRNPA1 expression through regulating
HNRNPA1 protein stability and sponging miRNA.
Collectively, ANCR may serve as a potential target for pre-
venting HCC metastasis.

Materials and methods

Patients and HCC tissues

HCC tissues and the paired normal tissues were collected
from HCC patients who underwent surgery at the Second
Affiliated Hospital of Nanchang University. All patients
recruited in this study did not receive chemotherapy before
surgery. All collected tissues were frozen with liquid nitrogen
after surgery and stored at −80°C for further use. This study
was approved by the Ethics Committee of the Second
Affiliated Hospital of Nanchang University and the written
informed consent was obtained from all patients. The hepati-
tis B surface antigen (HBsAg) and alpha fetoprotein (AFP)
were detected by MEIA (Abbott AxSYM, USA), the tumour
size and portal vein tumour thrombus were determined by
surgical evaluation, and the tumour differentiation and
tumour node metastasis (TNM) stage were confirmed by
histopathology.

Cell culture and transfection

Human hepatocytes (LO2) and human HCC cell lines
(Hep3B, HepG2 and Huh7) were purchased from American
Type Culture Collection (ATCC, VA, USA) and cultured in
Minimum Essential Medium (MEM; Gibco, CA, USA) sup-
plemented with 10% foetal bovine serum (FBS; Gibco, CA,
USA), 1% glutamax (Invitrogen, CA, USA), 1% non-essential
amino acids (Invitrogen, CA, USA) and sodium pyruvate
100 mM solution (Gibco, CA, USA) at 37°C with 5% CO2

and 95% air.
ANCR overexpressing vector (ANCR) and vector, small inter-

fering RNA ANCR-1 (si-ANCR-1, 5ʹ-UAUAUUGUAAG
CCGGUCAU-3ʹ), si-ANCR-2 (5ʹ-UUGACUUAAGCCAAC
AUC-3ʹ), si-HADC1-1 (5ʹ-AACTATGGTCTCTACCGAAAA
-3ʹ), si-HADC1-2 (5ʹ-AACCGGTCATGTCCAAAGTAA-3ʹ), si-
HADC2-1 (5ʹ-ACTGCATATTAGTCCTTCATT-3ʹ), si-HADC2
-2 (5ʹ-GUGUAAUGACGGUAUCAUU-3ʹ), si-HADC3-1 (5ʹ-AA
GGAGCTTCCCTATAGTGAA-3ʹ), si-HADC3-2 (5ʹ-GAUCGA
UUGGGCUGCUUUA-3ʹ), si-HADC4-1 (5ʹ-CGACTCATCTTG
TAGCTTATT-3ʹ), si-HADC4-2 (5ʹ-GAATCTGAACCACTGC
ATTTC-3ʹ) and si-control (5ʹ-UUCUCCGAACGUGUCACG
UTT-3ʹ), miR-140-3p mimic and pre-negative control (NC),
pcDNA-HNRNPA1 and pcDNA-control were synthesized by
RiboBio (Guangzhou, China) and transfected into the cells using
transfection reagent (Invitrogen, CA, USA) according to the
manufacturer’s instruction.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from HCC tissues or HCC cells
using TRIzol Reagent (Invitrogen, CA, USA), and cDNA
was synthesized using High-Capacity RNA-to-cDNA Kit
(Applied Biosystems, CA, USA). Reverse transcription was
conducted using the SuperScript III Reverse Transcriptase
kit (Invitrogen/Thermo Fisher Scientific Inc., USA) using
primers specific for miR-140-3p. Special miR-140-3p
reverse transcriptional primer was: 5ʹ-GTCGTATCCAGT
GCAGGGTCCGAGGTATTCGCACTGGATACGACCCGT-
TT-3ʹ. qRT-PCR was performed using SYBR Green Real-
Time PCR Master Mixes (Applied Biosystems, CA, USA)
and a standard protocol. GAPDH level was used as the
internal control for ANCR, and U6 level was used as the
internal control for miR-140-3p. The primers for ANCR
and miR-140-3p were as follows: ANCR, F: 5ʹ-GACAT
TTCCTGAGTCGTCTTCGAACGGAC-3ʹ, R: 5ʹ-TAGTGCG
ATTTAGAGCTGTACAAGTTTC-3ʹ; miR-140-3p, F: 5ʹ-AC
ACTCCAGCTGGGAGGCGGGGCGCCGCGGGA-3ʹ; R: 5ʹ-
CTCAACTGGTGTCGTGGA-3ʹ.

Cell proliferation assay

HCC cells were seeded into a 96-well plate at a density of
2 × 103 cells and incubated for 0 h, 24 h, 48 h, 72 h and 96 h.
MTT solution (10 μl, 5 mg/ml; Beyotime Biotechnology,
Shanghai, China) was added into each well and cultured in
an incubator for 4 h. Then, 100 μl Formazan solution was
added into each well and cultured in an incubator for 3 h. The
absorbance at the 490 nm was determined at the spectro-
photometer (ThermoFisher Scientific, CA, USA).

Cell migration and invasion assay

For cell migration assay, HCC cells were digested with Tyrisin
Protease (Pierce, CA, USA). Then, cells were centrifuged at
200 × g for 5 min, and re-suspended in DMEM medium
(Gibco, CA, USA) at a density of 4 × 105 cells/ml. HCC
cells (100 μl, 4 × 104 cells) were seeded on the upper chamber
of Transwell containing a porous membrane (pore size 8 μm;
Corning, New York, USA). The bottom chamber of Transwell
was added with 700 μl serum-free DMEM medium (Gibco,
CA, USA) supplemented with 10% FBS (Gibco, CA, USA).
After incubation for 48 h at 37°C with 5% CO2 and 95% air,
the remaining cells on the upper chamber were removed, and
cells on the bottom chamber were fixed with 4% paraformal-
dehyde and stained with 0.1% Crystal Violet solution. Cell
number was counted in three random fields by a light micro-
scope (Leica; Frankfurt, Germany). For invasion assay, the
Transwell was coated with Matrigel (final concentration of
250 μg/ml/well), and the other procedures were the same as
cell migration assay.

In vivo animal experiments

Interfering ANCR-1 lentivirus plasmid (lenti-si-ANCR) and
negative control (lenti-GFP) were purchased from
Genechem (Shanghai, China). HepG2 cells were transfected
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with lenti-si-ANCR or lenti-GFP with 5 μg/ml of polybrene
(Sigma, Wisconsin, USA). Forty-eight hours later, puromy-
cin (1.5 μg/ml; Sinopharm Chemical Reagent, Shanghai,
China) was used for the selection of stable cells. Lentivirus-
infected HepG2 cells (1.5 × 107) in 0.2 ml PBS were
injected subcutaneously into the right dorsal regions of
5-week-old female nude mice to establish xenograft model
(n = 6). Mice were checked every four days for the mea-
surement of tumour volume, and sacrificed 28 days later.
The tumours were collected and weighed. Lentivirus-
infected HepG2 cells (3 × 106) were injected into the
mice by tail vein to determine the metastatic ability. Mice
were sacrificed 40 days later, and the number of metastatic
nodules in lung was counted. All animal experiments were
approved by the Ethics Committee of the Second Affiliated
Hospital of Nanchang University.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was used to detect the H3 and H4 histone acetyla-
tion levels at the ANCR promoter region. HCC tissues were
cut into pieces smaller than 1 mm3, and Tyrisin Protease
(Pierce, CA, USA) was added to digest the pieces into single
cells. HCC cells were fixed with 1% formaldehyde for 5 min
and then lysed for 10 min using RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, China) on the ice. The protein-
DNA complexes of cells were cross-linked using formalde-
hyde for 10 min at 25°C. The genomic DNA of lysed cells was
sheared to 200–1000 bp by sonication. The final cell lysates
were incubated with acetyl-histone H3/H4 antibodies (Cell
Signalling Technology, Massachusetts, USA) or normal rabbit
IgG (Cell Signalling Technology, Massachusetts, USA) for
12 h at 4°C and precipitated with protein G magnetic beads.
After washing three times, the DNA-protein complex was
collected for reverse crosslink, and qRT-PCR was conducted
for the detection of acetylation of ANCR promoter after ChIP
assay. The comparative method 2−ΔΔCt was used to calculate
the relative expressions of DNA-H3 complex level and DNA-
H4 complex level.

RNA pull-down

RNA pull-down assay was performed using the Magnetic
RNA-Protein Pull-Down kit (Pierce, MA, USA) with cell
lysates to analyse the relationship between ANCR and
HNRNPA1. The biotinylated ANCR or antisense RNA
probe was synthesized by Genepharm (Shanghai, China).
Proteins (1 mg) extracted from HepG2 and Huh7 cells were
mixed with 50 pmol biotinylated ANCR or antisense RNA
probe, and incubated with streptavidin agarose beads
(Thermo Scientific, CA, USA). Western blotting was used to
measure proteins binding to the streptavidin-coupled beads.

RNA immunoprecipitation (RIP)

AGO2-RIP experiment was performed using the Magna RIP
RNA-Binding Protein Immunoprecipitation Kit (Millipore,
Massachusetts, USA). Generally, HepG2 or Huh7 cells at 80-
90% confluency was collected and were lysed using RIP lysis

buffer. Then 100 µl cell extract was incubated with RIP buffer
containing magnetic beads conjugated with human anti-Ago2
antibody (ab32381, Abcam, Cambridge, UK) or negative con-
trol Anti-IgG. The samples were incubated with Proteinase
K to digest the protein and then the immunoprecipitated
RNA was isolated. The purified RNA was further used for
qRT-PCR analysis of ANCR and miR-140-3p. Specific pri-
mers were used for the detection of mature miR-140-3p:
forward 5ʹ-ACACTCCAGCTGGGAGGCGGGGCGCCGC
GGGA-3ʹ, reverse 5ʹ-CTCAACTGGTGTCGTGGA-3ʹ. The
products of qRT-PCR were collected and an agarose gel
electrophoresis was performed to straightly see the existence
of ANCR and miR-140-3p in the AGO2-complexes. To
explore the binding between ANCR and HNRNPA1, the
HNRNPA1 antibody (ab5832, Abcam) was used in the RIP
experiment.

Western blotting

HCC cells were collected and lysed using RIPA lysis buffer
(Beyotime Biotechnology, Shanghai, China) with 1% PMSF
and phosphatase inhibitors. The concentration of protein sam-
ples was measured by Pierce BCA Protein Assay Kit (Thermo
Scientific, CA, USA). The samples were separated on 12% SDS-
PAGE and transferred to polyvinylidene fluoride (PVDF) mem-
brane (Invitrogen, CA, USA). The membrane was incubated
with primary antibodies against HNRNPA1 (1:1000; PA5-
19,431, Invitrogen, CA, USA), E-cadherin (1:500; 13–1700,
Invitrogen, CA, USA), ZO-1 (1:500; PA5-85,256, Invitrogen,
CA, USA), N-cadherin (1:1000; 33–3900, Invitrogen, CA,
USA), vimentin (1:1000; PA5-27,231, Invitrogen, CA, USA),
Twist1 (1:2000; PA5-49,688, Invitrogen, CA, USA), Nanog
(1:1000; PA5-85,110, Invitrogen, CA, USA) and β-actin
(1:5000; MA5-15,739, Invitrogen, CA, USA) at 4°C overnight
and subsequently incubated with horseradish peroxidase conju-
gated goat anti-rabbit IgG for 1.5 h at 25°C. Signals were detected
using Pierce Western Blot Chemiluminescent Substrate
(Thermo Scientific, CA, USA), and blots were visualized by
ChemiDoc™ MP Imaging System (Bio-Rad, CA, USA).

Dual-luciferase reporter gene assay

Dual-luciferase reporter gene assay was conducted to deter-
mine the interaction between ANCR and miR-140-3p. The
recombinant luciferase reporter vectors containing ANCR-wt
(pGL3-ANCR-wt) or ANCR-mut (pGL3-ANCR-mut) were
constructed by Genepharm (Shanghai, China). Then, 0.2 μg
pGL3-ANCR-wt or 0.2 μg pGL3-ANCR-mut combined with
40 pmol miR-140-3p mimic or pre-NC were transfected into
293T cells using Lipofectamine 2000 reagent (ThermoFisher
Scientific, CA, USA). 48 h after transfection, luciferase activity
was detected using Dual Luciferase Assay System (Promega,
Wisconsin, USA) in a TD-20/20 Luminometer (Turner
BioSystems, CA, USA).

Statistical analysis

The data were presented as mean±standard deviation (SD),
and were analysed by SPSS software (version 18.0; Chicago,
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Illinois, USA). The significance of difference was detected
using t test or one-way analysis of variance (ANOVA), with
p < 0.05 considered statistically significant.

Results

Lncrna ANCR was up-regulated in HCC tissues and cells

The expression of ANCR was measured by qRT-PCR in HCC
tissues and paired normal tissues. As shown in Fig. 1A, ANCR
was significantly up-regulated in HCC tissues than that of
normal tissues (p < 0.01). As shown in Table 1, the high
level of ANCR was associated with tumour size (p = 0.009),
tumour differentiation (p = 0.000), TNM stage (p = 0.000),
and portal vein tumour thrombus (p = 0.000), and was irre-
levant to age, gender and HBV infection, indicating that
ANCR was associated with the proliferation and metastasis
of HCC. Next, we measured the expression of ANCR in
hepatocytes (LO2) and HCC cells (Hep3B, HepG2 and
Huh7). ANCR was significantly up-regulated in HCC cell
lines, including Hep3B (p < 0.05), HepG2 (p < 0.01), and
Huh7 (p < 0.01), in comparison with that in LO2 cells
(Fig. 1B).

Lncrna ANCR promoted the migration and invasion of
HCC cells

As ANCR was lower in Hep3B cells than in HepG2 and
Huh7 cells, we overexpressed ANCR in Hep3B cells and
interfered ANCR in HepG2 and Huh7 cells. We found that
ANCR was significantly up-regulated in Hep3B cells after
the transfection of ANCR overexpressing vector (ANCR)
(Fig. 2A, P < 0.01). Besides, the proliferation of Hep3B cells
was significantly promoted after the transfection of ANCR
(Fig. 2B, P < 0.01), and the migration and invasion were
significantly induced (Fig. 2C, both p < 0.01). Next, we
found that ANCR was significantly down-regulated in
HepG2 and Huh7 cells after the transfection of si-ANCR
-1 or si-ANCR-2 (Fig. 2D, both p < 0.01). The proliferation

of HepG2 and Huh7 cells was significantly suppressed after
the transfection of si-ANCR-1 or si-ANCR-2 (Fig. 2E, both
p < 0.01), and the migration and invasion were also sig-
nificantly suppressed (Fig. 2F, both p < 0.01).

Interfering ANCR in vivo suppressed the proliferation and
metastasis of HCC

Since interfering ANCR in HepG2 and Huh7 cells suppressed the
proliferation, migration and invasion of tumour cells, we inter-
fered ANCR in vivo to observe the effect of ANCR on the
proliferation andmetastasis ofHCC.HepG2 cells were transfected
with Lenti-si-ANCR or Lenti-GFP, then lentivirus-infected
HepG2 cells were injected subcutaneously into the right dorsal
regions of 5-week-old female nudemice. Mice were sacrificed and
tumours were collected 28 days later. As shown in Fig. 3A, the
tumour volume and tumour weight were significantly decreased
in the Lenti-si-ANCR group than the Lenti-GFP group (p < 0.01),
indicating that interfering ANCR suppressed the proliferation of
HCC.Next, Lentivirus-infectedHepG2 cells were injected into the
mice by tail vein and lung nodules were counted to determine the
anti-metastatic ability of interfering ANCR. We found that the
number of metastatic nodules in lung was significantly reduced in
the Lenti-si-ANCR group than the Lenti-GFP group (p < 0.01),
and the H&E staining showed less tumour cells in nodule samples
(Fig. 3B), indicating that interfering ANCR suppressed lung
metastasis of HCC. Also, the expression of ANCR was signifi-
cantly down-regulated in HCC tumour of Lenti-si-ANCR group
than Lenti-GFP group (Fig. 3C, P < 0.01), suggesting the inhibi-
tion of proliferation and metastasis of HCC was associated with
the down-regulation of ANCR.

Histone acetylation at LncRNA ANCR promoter in HCC
tissues and cells up-regulated the expression of LncRNA
ANCR

It has been reported that ANCR expression can be regu-
lated by the histone acetylation at ANCR promoter in
breast cancer [10]. Therefore, we measured the H3 and

Figure 1. LncRNA ANCR was up-regulated in hepatocellular carcinoma (HCC) tissues and cells. A. ANCR was detected in HCC tissues and normal tissues using qRT-PCR.
B. ANCR was detected in hepatocyte LO2 cells and HCC cell lines (Hep3B, HepG2, and Huh7). *p < 0.05, **p < 0.01. Statistical analysis of qRT-PCR was calculated by
2−△CT.
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H4 histone acetylation levels of ANCR promoter to figure
out whether ANCR expression can be regulated by the
histone acetylation at ANCR promoter in HCC. As shown
in Fig. 4A, H3 and H4 histone acetylation levels were
significantly up-regulated in HCC tissues than normal tis-
sues. Besides, H3 and H4 histone acetylation levels were
significantly up-regulated in HCC cell lines, including
Hep3B (p < 0.05), HepG2 (p < 0.01), and Huh7
(p < 0.01), compared with those in LO2 cells (Fig. 4B).
Moreover, interfering HDAC3 (si-HDAC3-1 and si-HDAC3
-2) significantly up-regulated ANCR expression in Hep3B
cells (Fig. 4C, P < 0.01), whereas there was no significant
difference in ANCR expression (p > 0.05) after the trans-
fection of HDAC1 (si-HDAC1-1 and si-HDAC1-2),
HDAC2 (si-HDAC2-1 and si-HDAC2-2), and HDAC4 (si-
HDAC4-1 and si-HDAC4-2) (Fig. S1). The efficacy of
HDAC3 knockdown was confirmed by western blot analysis
(Fig. 4C). These findings suggested that the up-regulation
of ANCR in HCC was associated with increased H3 histone
acetylation at ANCR promoter.

LncRNA ANCR affected the proteasome degradation of
HNRNPA1 via binding with HNRNPA1

We found that HNRNPA1 was one of the most obvious
molecules with elevated expression after overexpressing
ANCR in Hep3B cells by LC-MS/MS analysis and RNA pull-
down assay (Table S1). Therefore, we speculated that ANCR
could interact with HNRNPA1. Biotinylated ANCR was incu-
bated with protein lysates from HepG2 and Huh7 cells, and
we found that biotinylated ANCR could bind to HNRNPA1,
whereas antisense RNA probe could not bind to HNRNPA1
(Fig. 5A). In addition, ANCR was accumulated after immu-
noprecipitation of HNRNPA1 antibody in HepG2 and Huh7
cells (Fig. 5B). Next, truncated fragment of biotinylated

ANCR was incubated with protein lysates from HepG2 cells,
and we found that 3ʹ-end (605–855 nt) of ANCR was neces-
sary for binding to HNRNPA1 (Fig. 5C). In addition,
HNRNPA1 expression was down-regulated in HepG2 and
Huh7 cells after the transfection with si-ANCR-1 and si-
ANCR-2 (Fig. 5D), while it was up-regulated after the trans-
fection with ANCR overexpressing vector (Fig. 5E), indicating
HNRNPA1 expression was positively related to ANCR.
Moreover, ANCR overexpression restored the expression of
HNRNPA1 after the treatment of cycloheximide (CHX)
which is a protein synthesis inhibitor, and the proteasome
inhibitor MG-132 did not affect the expression of HNRNPA1
with or without ANCR overexpression (Fig. 5E), indicating
that ANCR modulated the proteasome degradation pathway
of HNRNPA1 without affecting its synthesis. Then we further
investigated the effect of ANCR on the HNRNPA1 degrada-
tion. HepG2 and Huh7 cells were transfected with HA-Ub
and si-ANCR-1. As shown in Fig. 6A, si-ANCR significantly
promoted the ubiquitination of HNRNPA1. Moreover,
HepG2 and Huh7 cells transfected with si-ANCR or si-
control were treated with CHX for 0 h, 2 h, 4 h and 6 h.
We found that si-ANCR increased the degradation rate of
HNRNPA1 after the CHX treatment (Fig. 6B, P < 0.01).
These findings indicated that ANCR inhibited HNRNPA1
degradation via suppressing its ubiquitination.

LncRNA ANCR regulated the expression of HNRNPA1
through sponging miR-140-3p

According to the prediction of bioinformatics software Targetscan
andDIANA tools, we found that there were binding sites between
miR-140-3p and HNRNPA1 3ʹ-UTR (Fig. 7A), as well as between
miR-140-3p and ANCR (Fig. 7B). Dual-luciferase reporter assay
showed that miR-140-3p mimic significantly down-regulated the
activity of ANCR-wt (p < 0.01), whereas there was no significant
difference in the activity of ANCR-mut (Fig. 7B). In addition,
AGO2 antibody could bind to ANCR and miR-140-3p in
HepG2 and Huh7 cells, as ANCR and miR-140-3p were existed
in the AGO2-IP products (Fig. 7C). ANCR overexpression down-
regulated the expression of miR-140-3p in HepG2 cells (Fig. 7D).
These findings suggested that ANCR could bind to miR-140-3p,
andnegatively regulated the expression ofmiR-140-3p.We further
investigated the effect of ANCR on the expression of HNRNPA1,
and found that ANCRoverexpression up-regulated the expression
of HNRNPA1 in HepG2 cells (Fig. 7E). Moreover, si-ANCR
down-regulated the expression of HNRNPA1 in HepG2 and
Huh7 cells, whereasmiR-140-3p inhibitor abolished the inhibition
effect of si-ANCR (Fig. 7F). Meanwhile, si-ANCR significantly
down-regulated ANCR expression in HepG2 and Huh7 cells
(Fig. 7F, P < 0.01), and si-ANCRup-regulatedmiR-140-3p expres-
sion, whereas miR-140-3p inhibitor abolished the promotion
effect of si-ANCR (Fig. 7F, P < 0.01). Overexpressing miR-140-
3p significantly down-regulated HNRNPA1 expression in HepG2
and Huh7 cells, and ANCR overexpressing abolished the inhibi-
tion effect of miR-140-3p (Fig. 7G). We also found that over-
expression of ANCR alone up-regulated the expression of
HNRNPA1 (lane 3 compared to lane 1). These findings indicated
that ANCR promoted the expression of HNRNPA1 via sponging
miR-140-3p.

Table 1. Correlation between clinicopathological features and ANCR expression
levels of HCC patients.

Characteristics All cases

ANCR expression levels

High Low P value

Age 0.803
<60 46 25 21
≥60 54 28 26

Gender 0.766
Male 87 43 44
Female 13 7 6

HBsAg 0.974
Positive 89 49 40
Negative 11 6 5

Tumour size (cm) 0.009
≤5 40 14 26
>5 60 37 23

AFP (ng/ml) 0.545
≤400 57 30 27
>400 43 20 23

Tumour differentiation 0.000
Well/Moderately 38 13 25
Poor 62 44 18

TNM stage 0.000
I–II 36 12 24
III–IV 64 46 18

Portal vein tumour thrombus 0.000
Yes 32 25 7
No 68 26 42

RNA BIOLOGY 385



LncRNA ANCR promoted the EMT and invasion/migration
of HCC cells via up-regulating HNRNPA1 expression

To further verify whether ANCR was involved in the EMT
and invasion/migration of HCC cells via modulating
HNRNPA1, we transfected si-ANCR and pcDNA-
HNRNPA1 into HepG2 and Huh7 cells. As shown in Fig.
8A, si-ANCR up-regulated the expressions of epithelial

marker E-cadherin and tight junction protein ZO-1, down-
regulated the expressions of mesenchymal markers
N-cadherin, vimentin, Twist1 (an important transcription
factors of EMT) and Nanog in HepG2 and Huh7 cells,
whereas HNRNPA1 overexpression abolished these effects.
Meanwhile, si-ANCR inhibited the invasion and migration
of HepG2 and Huh7 cells, whereas HNRNPA1 overexpression
abolished these effects (Fig. 8B, P < 0.01). These findings

Figure 2. LncRNA ANCR promoted the migration and invasion of HCC cells. Hep3B cells were transfected with ANCR overexpressing vector (ANCR) or control vector
(vector) for 48 h. A. ANCR was detected in Hep3B cells using qRT-PCR. B. The proliferation of Hep3B cells was detected using MTT assay. C. The migration and invasion
of Hep3B cells were detected using Transwell assay. HepG2 and Huh7 cells were transfected with si-ANCR-1, si-ANCR-2 or negative control (NC) for 48 h. D. ANCR was
detected in HepG2 and Huh7 cells using qRT-PCR. E. The proliferation of HepG2 and Huh7 cells was detected using MTT assay. F. The migration and invasion of HepG2
and Huh7 cells were detected using Transwell assay. **p < 0.01, compared with vector or NC. Statistical analysis of qRT-PCR was calculated by 2−△△CT.
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indicated that ANCR promoted the EMT and invasion/migra-
tion of HCC cells via regulating HNRNPA1.

Discussion

Increasing evidences have proved that lncRNAs were
abnormally expressed in cancers and play vital roles in
the metastasis of HCC [14,15]. To the best of our knowl-
edge, this is the first study to report the dysregulation of

ANCR in HCC metastasis. We found that ANCR was
highly expressed in HCC tissues and HCC cells, and posi-
tively correlated with tumour size, tumour differentiation,
TNM stage and portal vein tumour thrombus. Moreover,
in vitro experiments showed that ANCR overexpression
promoted the proliferation, migration and invasion of
HCC cells, whereas interfering ANCR produced the oppo-
site results. In vivo experiments showed that interfering
ANCR remarkably decreased tumour volume, tumour

Figure 3. Interfering lncRNA ANCR in vivo suppressed the proliferation and metastasis of HCC. A. HepG2 cells were transfected with Lenti-si-ANCR or Lenti-GFP.
Lentivirus-infected HepG2 cells (1.5 × 107) in 0.2 ml PBS were injected subcutaneously into the right dorsal regions of 5-week-old female nude mice (n = 6 in each
group). Mice were sacrificed and tumours were collected 28 days later. Tumour volume and tumour weight were detected. B. Lentivirus-infected HepG2 cells (3 × 106)
were injected into the mice by tail vein. Mice were sacrificed 40 days later. The number of metastatic nodules in lung was counted and the nodule samples were
stained by H&E. C. The expression of ANCR was detected in tumour tissues using qRT-PCR. **p < 0.01, compared with Lenti-GFP. Statistical analysis of qRT-PCR was
calculated by 2−△△CT.
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Figure 4. Histone acetylation at lncRNA ANCR promoter in HCC tissues and cells up-regulated the ANCR expression. A. H3 and H4 histone acetylation levels were
detected in HCC tissues and normal tissues using ChIP assay. B. H3 and H4 histone acetylation levels were detected in LO2 cells and HCC cell lines (Hep3B, HepG2 and
Huh7). C. Hep3B cells were transfected with si-HDAC3-1, si-HDAC3-2, or si-control for 48 h. ANCR expression was detected using qRT-PCR. HDAC3 protein expression
was detected using western blot. *p < 0.05, **p < 0.01, compared with normal tissues, LO2 or si-control. Statistical analysis of qRT-PCR was calculated by 2−△△CT.
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Figure 5. LncRNA ANCR affected the degradation of HNRNPA1. A. HepG2 and Huh7 cells were transfected with biotinylated ANCR or antisense RNA probe. RNA pull-
down showed that biotinylated ANCR could bind to HNRNPA1, whereas antisense RNA probe could not bind to HNRNPA1. B. RIP assay showed that ANCR was
accumulated after immunoprecipitation of HNRNPA1 antibody in HepG2 and Huh7 cells. C. HepG2 cells were transfected with truncated fragment of biotinylated
ANCR. RNA pull-down showed that 3ʹ-end (605–855 nt) of ANCR was necessary for binding to HNRNPA1. D. HNRNPA1 expression was detected in HepG2 and Huh7
cells transfected with si-ANCR-1, si-ANCR-2, or si-control using western blot. E. HepG2 and Huh7 cells were transfected with ANCR overexpressing vector (ANCR) or
control vector (vector). After the treatment of CHX (50 μg/ml) and MG132 (10 μl/ml, an inhibitor of the proteasome), the expression of HNRNPA1 was detected using
western blot. **p < 0.01.

RNA BIOLOGY 389



weight and number of metastatic nodules in lung, indicat-
ing that ANCR interfering could suppress the growth and
metastasis of HCC.

More and more studies have shown that epigenetic regu-
latory factors, such as histone acetylation, can regulate the
expressions of lncRNAs in HCC, thereby to regulate HCC

metastasis [16–19]. A recent report found H3/H4 histone
acetylation-dependent regulation of lncRNA MIAT may pro-
mote the proliferation and invasion of HCC [20]. Increased
H3 histone acetylation level at CCAL promoter region could
promote the expression of lncRNA CCAL in HCC cells,
thereby to accelerating tumour metastasis [16]. LncRNA

Figure 6. LncRNA ANCR inhibited the degradation of HNRNPA1 via suppressing its ubiquitination. A. HepG2 and Huh7 cells were transfected with HA-Ub and si-ANCR
-1. HNRNPA1 specific antibody was used for immunoprecipitation, and then HA labelled antibody was used for immunoblotting. B. HepG2 and Huh7 cells were
transfected with si-ANCR or si-control for 48 h and then treated with CHX for 0 h, 2 h, 4 h and 6 h. The expression of HNRNPA1 was detected in using western blot.
**p < 0.01, compared with si-control.
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Figure 7. LncRNA ANCR regulated the expression of HNRNPA1 via sponging miR-140-3p. A. The binding sites between miR-140-3p and HNRNPA1 3ʹ-UTR, and the
binding sites between miR-140-3p and lncRNA ANCR. B. 293T cells were transfected with pGL3-ANCR-wt or pGL3-ANCR-mut, miR-140-3p mimic or Pre-NC (negative
control). The luciferase activities were detected using dual luciferase reporter assay. C. RIP assay showed AGO2 antibody could bind to ANCR and miR-140-3p in
HepG2 and Huh7 cells. D. miR-140-3p expression was detected in HepG2 cells after transfected with vector, ANCR, or ANCR mut-MRE using qRT-PCR. E. The expression
of HNRNPA1 was detected in HepG2 cells using western blot. F. The expressions of HNRNPA1, ANCR, and miR-140-3p were detected in HepG2 and Huh7 cells after
transfected with si-control+NC, si-ANCR, and si-ANCR+miR-140-3p inhibitor. G. HNRNPA1 expression was detected in HepG2 and Huh7 cells after transfected with pre-
NC+vector, miR-140-3p mimic+vector, pre-NC+ANCR, and miR-140-3p mimic+ANCR, and the relative intensity of HNRNPA1 protein expression was analysed.
**p < 0.01, compared with Pre-NC, vector or ANCR. Statistical analysis of qRT-PCR was calculated by 2−△△CT.
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LET expression was inhibited by HDAC3 through decreasing
the histone acetylation-mediated modulation of lncRNA LET
promoter region, which result in the promotion of HCC cell
invasion and metastasis [17]. Our results found that H3/H4
histone acetylation level at ANCR promoter was up-regulated
in HCC tissues and cells than normal tissues and hepatocytes.
Moreover, silencing HDAC3 significantly up-regulated ANCR

expression level in Hep3B cells, indicating histone acetylation
is the key factor controlling the dysregulation of ANCR in
HCC. These results showed the correlation between epigenetic
regulation and lncRNAs, and provided evidences for epige-
netic-related dysregulation of lncRNAs in HCC.

It is already known that lncRNAs can interact with pro-
teins or sponging microRNA to regulate the expression of

Figure 8. LncRNA ANCR promoted the EMT and invasion/migration of HCC cells via regulating HNRNPA1 expression. A. HepG2 and Huh7 cells were transfected with
si-control, si-ANCR, si-ANCR+pcDNA, or si-ANCR+pcDNA-HNRNPA1 for 48 h. The expressions of E-cadherin, ZO-1, N-cadherin, vimentin, Twist1 and Nanog were
detected using western blot. B. The invasion and migration of HepG2 and Huh7 cells were detected using Transwell assay. **p < 0.01, compared with NC or si-ANCR
+pcDNA.
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target molecules, thus to involve in the metastasis of HCC
[21,22]. Importantly, previous studies also reported ANCR
could be important regulators for the stability of their binding
proteins through interacting with these proteins [23].
However, the regulation mechanism of ANCR in HCC metas-
tasis remains largely unknown. Our results demonstrated that
ANCR could bind to HNRNPA1, and the protein level of
HNRNPA1 was positively regulated by ANCR. Furthermore,
we found that ANCR could bind to miR-140-3p, and nega-
tively regulated the expression of miR-140-3p. Interestingly,
HNRNPA1 was a target of miR-140-3p, and could be nega-
tively regulated by miR-140-3p. To the best of our knowledge,
this is the first study to report the effects of ANCR on the
expression of target molecule through binding to the protein
and sponging miRNA in HCC metastasis, which will provide
reference value for other lncRNAs likely in HCC metastasis.

In Hep3B cells, the overexpression of ANCR reduced miR-
140-3p expression and increased HNRNPA1 expression (Fig.
7D,E), while the knockdown of ANCR did not affect the
expressions of miR-140-3p and HNRNPA1 (Fig. S2). In
HepG2 and Huh7 cells, the knockdown of ANCR increased
miR-140-3p expression and reduced HNRNPA1 expression
(Fig. 7F), while the overexpression of ANCR did not affect
the expressions of miR-140-3p and HNRNPA1 in
(Supplemental Figure 2B). In LO2 cells, the overexpression
or knockdown of ANCR did not significantly affect the
expressions of miR-140-3p and HNRNPA1, although ANCR
knockdown slightly up-regulated miR-140-3p expression
(p < 0.05) (Supplemental Figure 2C). These data indicated
the ANCR-dependent regulatory network with HNRNPA1
and miR-140-3p in HCC cell lines, while the expressions of
HNRNPA1 and miR-140-3p may not be regulated by ANCR
in normal hepatocytes. In addition, in Hep3B cells, the pro-
liferation, migration, and invasion were promoted by ANCR
overexpression (Fig. 2A–C), while they were not significantly
affected by ANCR knockdown (Fig. S2). In HepG2 and Huh7
cells, the proliferation, migration, and invasion were inhibited
by ANCR knockdown (Fig. 2D–F), while they were not sig-
nificantly affected by ANCR overexpression (Fig. S2B). In
LO2 cells, cell proliferation was not affected by ANCR knock-
down or overexpression (Fig. S2C). These data suggested that
the HCC cellular ANCR needed to be elevated to a specific
dosage compared to normal hepatocytes to mediate the up-
regulation of HNRNPA1 and the pro-metastatic effect in
HCC, although more evidence was still needed.

Previous reports have demonstrated that HNRNPA1 can
be degraded by ubiquitination pathway. For example, the
interaction of ubiquilin-2 and HNRNPA1 enhances the degra-
dation of HNRNPA1 [24]. Also, HNRNPA1 is a direct sub-
strate of TRAF6, and can be directly ubiquitinated by TRAF6
[25]. However, the exact role of lncRNA in the regulation of
HNRNPA1 degradation is not known. In this study, immu-
noprecipitation using HNRNPA1 specific antibody found that
interfering ANCR enhanced the ubiquitination of HNRNPA1.
After the treatment of CHX, HNRNPA1 protein level was
down-regulated, and MG132 could abolish the increase of
HNRNPA1 protein level induced by ANCR overexpression,

which indicated that ANCR regulated HNRNPA1 degrada-
tion. To the best of our knowledge, no studies focused on the
regulation of lncRNA in the degradation of HNRNPA1, our
study will enrich the literature and provide directions for the
regulation role of ANCR on protein degradation.

In conclusion, this study proposed a novel function of
ANCR in the promotion of HCC metastasis by upregulating
HNRNPA1 through inhibiting HNRNPA1 degradation and
sponging miR-140-3p, which provided new insights into ther-
apeutic strategies to treat HCC metastasis.
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