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Introduction: A poor prognosis owing to cancer invasion and metastasis, hepatocellular
carcinoma (HCC) is one of the leading causes of malignancy deaths worldwide. A dominant
epithelial-to-mesenchymal transition or EMT function in tumour metastasis is substantially
evidenced. Prior reports identiﬁed a likely correlation of the nuclear hormone receptor
NR1D2 with HCC progression, but the underlying molecular mechanisms and role of
invasion and metastasis are still to be adequately documented.
Methods: We carried out PROGgeneV2 platform database analysis and compared NR1D2
expression in HCC tissues with that in adjacent noncancerous tissues by Western blotting.
Cell proliferation, invasion, and migration were also assessed using a lentivirus system.
Moreover, the relevant signalling proteins were evaluated.
Results: The PROGgeneV2 platform database analysis suggested an upregulated NR1D2
expression related to poor overall survival, or OS, in HCC, with higher levels in HCC,
compared to the adjoining non-cancerous tissue. Depleting NR1D2 decreased HCC cell
proliferation, migration and invasion in vitro, whilst in vivo downregulation revealed
fewer metastatic nodules in the lungs. Furthermore, NR1D2 knockdown ampliﬁed epithelial
marker, namely E-cadherin expressions, and decreased mesenchymal markers, ie, N-cadherin
and vimentin expressions, with β-catenin overexpression.
Conclusion: NR1D2 is shown to accelerate HCC progression via driving EMT.
Keywords: hepatocellular carcinoma, NR1D2, epithelial-to-mesenchymal transition
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Hepatocellular carcinoma was the sixth most common malignancy diagnosed, and
the fourth main reason for mortality worldwide, as of 2018, registering around
841,000 new patients, and 782,000 deaths per year.1 The 5-year survival rate is
below 12%.2 HCC is mostly misdiagnosed at the early stages due to a lack of
typical clinical manifestations, which often leads to poor prognosis.3 Thus, an
enhanced knowledge of the mechanisms underlying HCC occurrence, as also its
progression, is critical.
REV-ERBs, the nuclear hormone receptors nuclear receptor subfamily 1 group
D member 1 (NR1D1, also known as REV-ERBα) and NR1D2 (also known as
REV-ERBβ), are haem-binding circadian clock components. NR1D2 is a variant of
NR1D1. Substantive evidence has demonstrated that disruption of the circadian
clock is associated with tumourigenesis.4,5 Pharmacological modulation of NR1D2
may be suitable as an effective anticancer strategy.5 Notably, NR1D2 is aberrantly
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upregulated in HCC cells.6 A previous study revealed that
NR1D2 also regulated epithelial-to-mesenchymal transition (EMT) and cell motility in glioblastoma cells.7
Biologically, the EMT process involves a transient dedifferentiation that alters epithelial cell plasticity, thereby
inducing a mesenchymal phenotype.8 The characteristic
transformations during EMT include decreased
E-cadherin, an epithelial marker, and increased
N-cadherin and vimentin, both constituting mesenchymal
markers.9,10 EMT aids cell proliferation, invasion and
metastases during HCC progression, as exhaustively
demonstrated.11–13 Interestingly, aberrant Wnt pathway
activation is a critical key process in many cancers, including HCC.2 The Wnt/β-catenin pathway is a signallinginitiated EMT in several cancers, which include HCC
and lung cancer as well.14–16 Wnt/β-catenin signalling
can increase hypoxia-induced EMT in HCC.17
NR1D2 functionality in HCC, as also the underlying
molecular mechanisms, require further study. We therefore
performed both in vitro and in vivo analyses for more
information on the same.

Table 1 Clinical Characteristics of the HCC Patients
Features
Ages (yrs), median (range)
Gender (male/female)

51.6 (40–83)
43/29

α-fetoprotein (ng/mL), median (range)

205 (0–62,400)

UICC TNM stage (I/II/III)
ALT (U/mL, mean±SD)

45/15/12
62.1±52.5

Liver cirrhosis (present/absent)

70/2

Hepatitis B history (yes/no)
Tumor size (cm, mean±SD)

69/3
6.3±4.0

Interferon-α (IFN-α) treatment (yes/no)

61/11

Immunohistochemistry (IHC)
A pathologist conducted the IHC staining, which helped us
assess NR1D2 expression. Slides incubated overnight at
4°C using the primary antibody rabbit anti-NR1D2 (1:200;
R&D Systems, Shanghai, China), were infused with secondary antibody (1:1000, Abcam, Shanghai, China) for
30 min at 37°C the following day, and the expression
then quantiﬁed with ImageJ software.

Cell Culture
Materials and Methods
Bioinformatics Analysis
The ProgeneV2 prognostic (http://genomics.jefferson.edu/
proggene/) database sourced the data relevant to evaluating NR1D2 function in HCC survival.18,19 Kaplan-Meier
plots were used for overall survival rates, then compared
with the Log rank test.

Clinical Samples
The Medical Ethics Committee at Shanghai Jiao Tong
University School of Medicine’s Ruijin Hospital approved
this study. All 52 participants, primarily HCC patients who
were enrolled from Feb’2015 to Nov’2016, presented written informed consent forms. Primary HCC and adjoining
non-cancerous tissues were collected during hepatectomies. Table 1 comprehensively summarizes clinical
characteristics of patients. The HCC as well as adjacent
tissue samples were veriﬁed via haematoxylin and eosin,
or H&E staining.

The American Type Culture Collection (Manassas, VA,
USA) sourced our purchase of immortalized human hepatocyte, namely MIHA and THLE3, as well as HCC cell
lines of HCCLM3, HepG2, Huh7, and SK-HEP-1, all of
which are commercially available. The latter were cultured
in Dulbecco’s modiﬁed Eagle medium, or DMEM (SigmaAldrich, Shanghai, China) after supplementing 10% foetal
bovine serum, or FBS (Invitrogen Gibco, Carlsbad, CA,
USA), and then incubated at 37°C in a 5% CO2 incubator.

CCK8 Assay
The cells were cultured to approximately 75% conﬂuence.
A CCK8 assay (Thermo Fisher Scientiﬁc, Waltham, MA,
USA) was carried out to assess cell viability, and the
absorbance then was measured at 570 nm.

Reverse-Transcription Quantitative
Polymerase Chain Reaction (RT-qPCR)
RT-qPCR was carried out using an ABI PRISM 7500
sequence detection system (Applied Biosystems, Foster

Table 2 Short Hairpin RNAs Sequences Interfering Human NR1D2
Sequence
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shRNA1

CCGGCGCATCATTATTTGATGCAAACTCGAGTTTGCATCAAATAATGATGCGTTTTT

shRNA2

CCGGCCAATGAGTAAGTCTCCATATCTCGAGATATGGAGACTTACTCATTGGTTTTT
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City, CA, USA). All gene transcripts were quantiﬁed by
RT-qPCR with the Power SYBR Green PCR Master Mix
and the ABI StepOnePlus System (Applied Biosystems).
The forward primer sequences for NR1D2 and GAPDH,
the internal control, were 5ʹ-TTTAGTGGCATGGTTCT
ACTGTG-3ʹ and 5ʹ-AGCCTTCGCAAGCATGAACT-3ʹ,
respectively, and the reverse sequences were Forward 5ʹCGCGCCCCCGGTTTCTA-3ʹ and Reverse 5ʹ-GGCTCGG
CTGGCGAC-3ʹ,24 respectively. The 2−ΔΔCt method was
applied to calculate relative mRNA expression.

Western Blot (WB) Analysis
Total protein was extracted using radioimmunoprecipitation assay (RIPA) buffer (Sigma-Aldrich, St. Louis, MO,
USA), and protein concentrations were assessed using the
BCA Protein Assay Kit (Beyotime, Shanghai, China). The
total proteins separated via gel electrophoresis using a
10% sodium dodecyl sulphate polyacrylamide gel were
then transferred to polyvinylidene ﬂuoride membranes,
which, after an approximately 60-min blocking in 5%
bovine serum albumin, were incubated overnight at 4°C
with β-actin (1:2000; Cell Signaling Technology, Danvers,
MA, USA), NR1D2 (1:1000; R&D Systems), E-cadherin
(1:1000; Abcam), N-cadherin (1:1000; Abcam), vimentin,
activated β-catenin (1:1000; Cell Signaling Technology),
and total β-catenin (1:1000; Cell Signaling Technology)
antibodies. A horseradish peroxidase-conjugated goat antirabbit IgG (1:1000, Beyotime, Shanghai, China) secondary
antibody was then applied for 60 min at 37°C. β-actin
internally controlled all Western blots. The Bio-Rad
Quantity One software (Bio-Rad, Hercules, CA, USA)
helped quantify protein expression.

Lentivirus Infection
We obtained a commercial sample of the lentiviral short
hairpin RNA, or shRNA construct targeting NR1D2, and
built two shRNA sequences, which interfered with human
NR1D2 (cat. no. SHCLNV-NM_005126, Merck Life
Science Co., Ltd., Shanghai, China; Table 1).
Oligonucleotides were then phosphorylated and annealed
into the pLKO.1-cloning vector (Sigma-Aldrich).
Lentivirus-overexpressing β-catenin particles and overexpressing control particles (overexpression control group,
OE-NC) were purchased from GenePharma Co., Ltd.
(Shanghai, China). Lentivirus infection was executed as per
manufacturer directives. The cells were ﬁrst incubated in a
growth medium, with lentivirus particles and polybrene
(1 μg/mL), and the infection medium replaced after 18 h.
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Transfected cells, after 48 h, were screened with 1 µg/mL
puromycin for 7 days, to yield stable NR1D2-knockdown cell
lines. RT-qPCR and Western blot (WB) analyses quantiﬁed
NR1D2 expression. Subsequent experiments utilized these
stable transfected cells.

Colony Formation Assay
Colony formation assays conducted, as previously
described,25 entailed seeding cells in a 6-well plate, at a
400-cells-per-well density, subsequent to lentivirus infection for 72 h, culturing those cells for 10 days in 5% CO2
at 37°C, ﬁxing the colonies for 15 min with 4% paraformaldehyde, and then staining for 5 min using Giemsa
solution (#G5637; Sigma-Aldrich, St. Louis, MO, USA).
A microscope helped count single colonies comprising
over 50 cells. All experiments were done in triplicate
wells, with the assays repeated thrice.

Flow Cytometry Analysis
The expression of NR1D2 was analysed by ﬂow cytometry
at 72 h after lentivirus infection. The target cells incubated
for 30 min at 4°C with anti-human NR1D2 PE and its
isotype control (R&D Systems), and then washed and
examined via a FACSCanto ﬂow cytometer. FlowJo vX
software was used for data analysis.

Wound Healing Assay
The cells seeded into 12-well plates were cultured to
approximately 100% conﬂuence, and a pipette tip was
used to scratch a straight line wound in the cell layer.
The cells washed with PBS were then treated with
DMEM, minus FBS. Cell migration was captured with
photographs, and the wound width measured.

Transwell Migration Assay
Cell culture inserts were seeded (24-well, pore size 8 μm;
Sigma-Aldrich) with approximately 1 × 105 cells in
200 μL DMEM, minus FBS. DMEM with 5% FBS
(500 μL) that served as a chemotactic agent, was supplemented in the lower chamber, and 12 h later, a cottontipped swab was used to remove cells on the upper side of
the membrane, whereas the lower cells were ﬁxed with 4%
paraformaldehyde. Cells were counted subsequent to 0.1%
crystal violet staining. Experiments were separately conducted with inserts in triplicates, and ﬁve microscopic
ﬁelds counted per insert.
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Transwell Invasion Assay
Matrigel (BD Biosciences, San Jose, CA, USA) was supplemented to each well, as per manufacturer directives,
prior to seeding cells (2 × 105) on the upper chamber.
Incubation at 37°C for 24 h yielded non-invasive cells at
the top of matrigel, which were gently removed using a
cotton-tipped swab. Invasive cells at the matrigel base
were ﬁxed in 4% paraformaldehyde, and counted after
0.1% crystal violet staining. Experiments were separately
executed with inserts in triplicate, and ﬁve microscopic
ﬁelds counted per insert.

In vivo Model of Tumor Pulmonary
Metastasis
The Institutional Animal Research Committee at Shanghai
Jiao Tong University School of Medicine’s Ruijin Hospital
approved the animal study. All animal studies must follow
the ARRIVE guidelines (Supplemental Material 1). Our
study model was based on an established model from a
previous study of pulmonary metastasis in nude mice by
subcutaneous injection.26 Brieﬂy, 12 BALB/c nude mice,
5 weeks old and weighing 18–20 g (SLAC laboratory
animal C), were reared within speciﬁc pathogen free, or
SPF grade settings and fed a sterilized diet, whilst

maintaining 18–22°C temperatures, 50–60%, humidity,
ammonia concentrations below 20 ppm, and 10–20
times/h ventilation frequency. These mice were injected
with HCCLM3 cells, and randomized into an NC group
that was without scrambled shRNA, and an sh group, with
lentiviral shRNA transfection. The mice (n = 6 per group),
subcutaneously inoculated with 1 × 107 HCCLM3 cells
suspended in PBS, were monitored daily for tumour
volumes, and sacriﬁced 6 weeks later. The formula: V
(cm3) = width2 (cm2) × length (cm)/2 was used to calculate
tumour volumes. The lungs were thereafter harvested, and
examined for metastatic foci. A dissecting microscope was
used to count metastatic nodules on the H&E-stained lung
surface.

Statistical Analysis
SPSS 20.0 software (IBM Corp., Armonk, NY, USA)
helped perform all statistical analyses. Experiments were
conducted in triplicates at least, and data presented as
mean ± standard deviations. The two-tailed Student’s
t-test assessed statistical signiﬁcance; a one-way variance analysis with Dunnett’s test was used when comparing two groups. Repeated measures ANOVA was
used to compare the tumour volume between two groups
in the in vivo assay. For analysis of relationship between

Figure 1 High NR1D2 mRNA levels in hepatocellular carcinoma tissues are associated with poor overall survival. Analysis of the ProgeneV2 prognostic database. Overall
survival curve of patients with high and low nuclear hormone receptor NR1D2 mRNA expression. Statistical analysis was performed using the Log rank test.
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Figure 2 Expression of NR1D2 in hepatocellular carcinoma and the establishment of NR1D2-knockdown cells. (A and B) Immunohistochemical staining for NR1D2
expression in hepatocellular carcinoma (HCC) tissues. Representative image of HCC tissues and adjacent matched noncancerous tissues (magniﬁcation: 100×, 200×);
Paired t-test was used to compare the expression levels of NR1D2 in HCC tissues and adjacent matched noncancerous tissues. *P < 0.05, signiﬁcantly different
compared with adjacent matched noncancerous tissues. (C) NR1D2 mRNA levels in HCC and noncancerous tissues (T, tumour tissue; N, adjacent matched
noncancerous tissue) were assessed by quantitative polymerase chain reaction analysis (qPCR). Paired t-test was used. *P < 0.05, signiﬁcantly different compared
with adjacent matched noncancerous tissues. (D) NR1D2, activated β-catenin, E-cadherin, N-cadherin, and vimentin levels in HCC and noncancerous tissues (T,
tumour tissue; N, adjacent matched noncancerous tissue) were assessed by Western blot (WB) analysis. (E) NR1D2 mRNA levels in HCC cell lines (HCCLM3,
HepG2, Huh7, and SK-HEP-1), normal hepatocyte cell lines, and primary hepatocytes (THLE3 and MIHA) assessed by qPCR. The independent Student’s t test was
used to compare gene expression between two groups. *P < 0.05, signiﬁcantly different compared with THLE3 cells. (F) NR1D2 mRNA levels in HCC cell lines
(HCCLM3, HepG2, Huh7, and SK-HEP-1), normal hepatocyte cell lines (THLE3 and MIHA), and primary hepatocytes assessed by WB. The images are representative
of ﬁve independent experiments. (G) NR1D2 mRNA levels analysed by qPCR. The independent Student’s t-test was used to compare gene expression between two
groups. *P < 0.05, signiﬁcantly different compared with the normal group. The data are presented as mean ± standard deviations. Each experiment was repeated at
least ﬁve times. shNC, control short hairpin RNA group; sh1, short hairpin RNA1; sh2, short hairpin RNA2; mock, mock treatment. (H) Protein expression of
NR1D2 analysed by WB. The images are representative of ﬁve independent experiments.
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NR1D2 expression and clinical pathological features,
chi-square tests were performed. A Cox regression
model was also performed to analyze whether NR1D2
can be used as a prognostic factor for HCC patients.
P-values ≤0.05 were considered statistically signiﬁcant.

Results
Upregulated NR1D2 mRNA Expressions in
HCC Tissues are Related to Poor Survival
The ProgeneV2 prognostic database analysis indicated
increased NR1D2 mRNA expression in HCC tissue correlated with poor OS (high NR1D2, n = 40; low NR1D2,
n = 40; hazard ratio = 3.1, P = 0.046) (Figure 1).

NR1D2 Levels Were Higher in HCC and
Associated with TNM Stage. Moreover,
NR1D2 Expression Was an Independent
Risk Factor for HCC
IHC revealed signiﬁcantly higher NR1D2 levels in HCC,
relative to adjoining non-cancerous tissues (Figure 2A
and B; P <0.05), evaluated via WB and PCR. Adjoining
non-cancerous tissue revealed smaller NR1D2 mRNA
levels, as compared to HCC tissue (Figure 2C and D;
P < 0.05). Moreover, higher NR1D2 mRNA and protein
levels were reported in HCC cell lines, which include
HCCLM3, HepG2, Huh7, and SK-HEP-1, than in natural
hepatocyte THLE3 and MIHA cell lines (Figure 2E and F;
P < 0.05).
To investigate the correlation of NR1D2 expression
and clinical features, using the 13-point score analysis of
IHC,20 single-factor analysis were performed. NR1D2
expression was associated with TNM stage (P < 0.05,
Table 3). Moreover, a Cox regression model analysis was
carried out to analyze the correlation of NR1D2 and the
prognosis of HCC. The regression analysis showed that
NR1D2 expression was a prognostic factor of HCC
patients (P < 0.05, Table 4).

Downregulate NR1D2 Levels in Huh7
and HCCLM3 Cell Lines by shRNAs
To investigate the regulating mechanisms of an NR1D2
and HCC correlation, we depicted the cellular effects
when deploying lentiviral RNA interference vectors
expressing shRNA, namely sh-NR1D2, for a stable
NR1D2 expression knockdown in human HCC Huh7
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Table 3 Correlation Between NR1D2 and Clinical Pathological
Features
Variables

Age (Years)
<50
≥ 50

Patients (N=72)

NR1D2 Expression

P value

Low*

High*

37
35

17
19

20
16

0.479

43
29

21
15

22
14

0.810

0.014

Gender
Male
Female
TNM Stage
I–II

60

38

22

III–IV

12

3

9

Notes: High* represents IHC score ≥6; low* represents IHC score <6. For analysis
of relationship between NR1D2 and clinical pathological features, chi-square tests
were performed. Results were considered statistically signiﬁcant at P<0.05.

Table 4 NR1D2 Levels Were a Prognostic Factor for HCC
Patients
Hazard

95%

P

Ratio

Conﬁdence
Interval

value

Age (<50 vs ≥ 50)

0.681

0.254

1.469

0.071

Gender (male vs female)

2.451

0.941

4.627

0.465

TNM stage ((I–II)vs (III–IV))
NR1D2 (high* vs low*)

2.406
3.42

0.891
1.64

9.145
8.153

0.084
0.041

Notes: High* represents IHC score ≥6; low* represents IHC score <6.

and HCCLM3 cell lines. Protein and NR1D2 mRNA
levels were examined 72 h after lentivirus infection
(Figure 2G and H; P < 0.05). Moreover, the time course
of the expression of NR1D2 after lentivirus infection was
analysed and is shown in Supplemental Material 1. The
expression of NR1D2 was analysed by ﬂow cytometry at
72 h after lentivirus infection (Supplemental Material 2).
NR1D2 mRNA and protein expressions were signiﬁcantly decreased by shRNA1 and shRNA2 (P < 0.05).

Cell Proliferation and Viability Decrease
Due to NR1D2 Knockdown
shRNAs downregulated NR1D2 expression, relative to
control groups. CCK8 assayed a signiﬁcantly reduced
cell proliferation, owing to NR1D2 knockdown, at 72 h
(Figure 3A and B; P < 0.05). Furthermore, signiﬁcantly
less colony formation was observed in the NR1D2 depletion group at day 10 (Figure 3C; P < 0.05).
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Figure 3 The effects of NR1D2 knockdown on cell proliferation. (A) Effect of NR1D2 on cell viability evaluated by a CCK8 assay in Huh7 cells. The relative proliferation rate
of Huh7 cells following lentivirus transfection at 12, 24 and 72 h. (B) Effect of NR1D2 on cell viability evaluated by a CCK8 assay in HCCLM3 cells. The relative proliferation
rate of HCCLM3 cells following lentivirus transfection at 12, 24, and 72 h. (C) Effect of NR1D2 on cell viability evaluated by colony formation assay. The data are presented
as mean ± standard deviations. Each experiment was repeated at least ﬁve times. shNC, control short hairpin RNA group; sh1, short hairpin RNA1; sh2, short hairpin
RNA2; The independent Student’s t-test was used. *P < 0.05 compared with the shNC group.

NR1D2 Knockdown Reduces HCC Cell
Migration and Invasion
The colony formation/transwell/invasion assays were
normalized by the cell numbers per well. Markedly
fewer cells migrated through the pores following suppression of NR1D2 at 12 h (Figure 4A and D).
Moreover, signiﬁcantly fewer cells invaded through the
pores following suppression of NR1D2 at 24 h
(Figure 4B and E). A wound-healing assay was also
carried out to evaluate the role of NR1D2 on cell migration. NR1D2 knockdown signiﬁcantly decreased the

OncoTargets and Therapy 2020:13

wound-closure capacity of cells at 1 day post-injury
(Figure 4C and F).

NR1D2 Depletion Decreases the EMT in
Huh7 and HCCLM3 Cell Lines
The levels of mesenchymal (N-cadherin and vimentin) and
epithelial (E-cadherin) markers were evaluated. WB analyses showed that N-cadherin and vimentin were increased
due to NR1D2 knockdown. On the contrary, cells with
downregulated NR1D2 expression had higher E-cadherin
expression (Figure 5).
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Figure 4 NR1D2 knockdown decreased migration and invasion by HCC cell lines. (A and D) A transwell assay was performed to assess cell migration capabilities. The
numbers of cells were counted on six microscopic ﬁelds per insert (magniﬁcation = 200×). The independent Student’s t test was used. *P < 0.05 compared with the shNC
group. All data are expressed as mean ± standard deviation. (B and E) A transwell assay was performed to assess the cell invasion capability. The numbers of cells were
counted on six microscopic ﬁelds per insert (magniﬁcation = 200×). The independent Student’s t test was used. *P < 0.05 compared with the shNC group. All data are
expressed as mean ± standard deviation. (C and F) Wound-healing assay was performed to evaluate cell migration (magniﬁcation = 200×). The images are representative of
ﬁve independent experiments. The relative widths of the wound gaps were measured using ImageJ software. All data are expressed as mean ± standard deviation. The
independent Student’s t-test was used. *P < 0.05 compared with the shNC group.

NR1D2 Depletion Inhibits β-Catenin
Signalling

NR1D2 Knockdown Impairs Lung
Metastasis in vivo

The possible underlying molecular mechanism was investigated by evaluating the Wnt/β-catenin signalling pathway.
The downregulation of NR1D2 signiﬁcantly decreased the
levels of total β-catenin and activated β-catenin (Figure 5).
Next, we investigated the effects of lentiviral β-catenin
overexpression on E-cadherin, N-cadherin, and vimentin
expression in NR1D2-knockdown cells. The cells were
pre-treated by β-catenin overexpression for two days.
Interestingly, supplementation with the β-catenin-overexpressing lentivirus decreased E-cadherin levels in both the
mock-transfected and NR1D2-knockdown cells (Figure 6).
On the contrary, the expressions of vimentin and
N-cadherin in both the mock-transfected and NR1D2knockdown cells were signiﬁcantly upregulated with the
β-catenin-overexpressing lentivirus (Figure 6).

As shown in Figure 7, the number of lung metastases in
the NR1D2-knockdown (sh) group was signiﬁcantly lower
than that in the shNC group. Moreover, the volumes of the
HCC xenografts in mice injected with NR1D2-knockdown
(sh) cells were notably smaller than those in the controls.

3938

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

Discussion
HCC, the sixth most prevalent cancer, registers at least 1
million new cases globally.1 Speciﬁc molecular targets that
improve outcomes in patients with HCC are urgent, given
its prognosis. NR1D2 is a suppressor gene involved in the
circadian rhythm.7 Moreover, NR1D2 is a major variant in
various cancer cells.6 The bioinformatics analysis we conducted indicated lower NR1D2 expression levels in HCC
patients related to a higher survival rate. Also, NR1D2
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Figure 5 NR1D2 knockdown downregulated the expression of epithelial-to-mesenchymal transition (EMT)-associated markers and β-catenin. Images are representative of
ﬁve independent experiments. Protein levels of E-cadherin, N-cadherin, vimentin, NR1D2 and β-catenin were assessed by WB. A βc, activated β-catenin protein; t βc, total βcatenin protein.

Figure 6 The effects of overexpressing β-catenin lentivirus on the expression of
EMT markers. Protein levels of E-cadherin, N-cadherin, vimentin and β-catenin
were assessed by WB. The images are representative of three independent experiments. A βc, activated β-catenin protein; t βc, total β-catenin protein; shNC,
control short hairpin RNA group; sh1, short hairpin RNA1; sh2, short hairpin
RNA2; siR, β-catenin siRNA; siRctrl, control siRNA.

OncoTargets and Therapy 2020:13

levels were signiﬁcantly higher in HCC tissue, relative to
adjoining non-cancerous tissues. Furthermore, normal
hepatocyte cell lines had lower NR1D2 levels, as compared to HCC cell lines. HCC cells’ proliferation, migration and invasion ability also diminished following
downregulated NR1D2 expressions. An in vivo tumour
metastasis model helped us investigate NR1D2 role in
HCC metastases, and signiﬁcantly fewer metastatic
nodules were detected in lung tissues comprising
NR1D2-knockdown cells, which implied that NR1D2 is
an HCC tumour-inducing gene.
EMT role in HCC is also attracting interest. Mounting
evidence conﬁrms EMT adversely effects HCC survival
rates.13 EMT is a complex process wherein epithelial cells
lose distinctive features to acquire mesenchymal features
such as invasiveness, motility, and even an ability to evade
immune system surveillance.21 E-cadherin, an EMT marker,
is primarily expressed in epithelial cells, and its decrease or
loss activates a series of signalling molecules.22 EMTinduced changes involve ampliﬁed expressions of mesenchymal proteins, namely vimentin and N-cadherin.23 Meng
et al revealed that driving the EMT accelerated tumour
aggressiveness. Similarly, we discovered NR1D2 depletion
reduced E-cadherin expression, whilst enhancing those of
N-cadherin and vimentin. Furthermore, the lung metastases
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Figure 7 Depletion of NR1D2 inhibits growth and lung metastasis in HCCLM3 cells. (A) Haematoxylin and eosin-stained lung sections. (B) The numbers of pulmonary
metastasis nodules in the NR1D2-knockdown and control groups were counted (n = 6). All data are expressed as mean ± standard deviation. The independent Student’s
t-test was used. *P < 0.05 compared with the shNC group. (C) Gross pathology image showing lung metastasis. (D) Gross images of tumour tissues. (E) Tumour volume at
days 0, 10, 15, 20, and 25. sh, NR1D2-knockdown (sh) group. Repeated measures ANOVA was used to compare the tumour volume between two groups. *P < 0.05
compared with the shNC group.

count in the NR1D2-knockdown group was lower, relative
to the shNC group. The volumes of the HCC xenografts in
mice injected with NR1D2-knockdown (sh) cells were notably smaller, indicating that NR1D2 promoted the EMT
process in HCC cells.
Growing evidence indicates multiple E-cadherin and
β-catenin interactions with EMT-inducing transcriptional
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repressors that stabilize invasive mesenchymal phenotypes
in epithelial tumour cells.24 The Wnt/β-catenin signalling
pathway contributes to the activation of EMT in cancers.25
Gang et al26 indicated that downregulation of β-catenin in
HCC led to decreased proliferation and survival. Likewise,
in our study, NR1D2 depletion inhibited β-catenin.
Upregulation of β-catenin also rescued the downregulation
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of EMT-associated markers by NR1D2 knockdown.
NR1D2 upregulated the expression of β-catenin to regulate
the progression of EMT, in which NR1D2 may bind to the
promoter region to promote the transcription of β-catenin
(Supplemental Material 4).
Pervious reported demonstrated that ARN5187, a novel
lysosomotropic NR1D2 ligand, was an effective strategy
for eliciting cytotoxicity in cancer cells.27 Gabriele et al
also indicated two agonists of NR1D2 (SR9009 and
SR9011) were speciﬁcally lethal to cancer cells and oncogene-induced senescent cells.28 These results strongly
indicate that pharmacological modulation of NR1D2 is
an innovative and selective strategy for cancer treatment.
Our study had several limitations. First, later studies
needed to investigate the involvement of other signalling.
Recently, Yu et al revealed that NR1D2 regulate EMT by
targeting AXL.7 Second, the results should be checked in
other HCC cell lines. Third, an overexpression experiment
with NR1D2 to promote tumourigenesis will ultimately
test the oncogenic function of NR1D2. We intend to
carry out the necessary additional studies to complete our
analysis of NR1D2. Finally, our sample size was very
small, which may have resulted in selection bias.

Conclusions
In conclusion, in HCC, NR1D2 accelerates β-catenininduced EMT.
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