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Abstract. Astrotactin 1 (ASTN1) is known to serve a physi-
ological role in neuronal migration; however its role in liver 
cancer remains to be determined. In the present study, 
ASTN1 levels were lower in liver cancer tissues compared 
with those in matching normal tissue. ASTN1 levels were 
negatively associated with microscopic vascular invasion, 
advanced clinical stage and a less favorable prognosis in 
patients with hepatocellular carcinoma (HCC). Furthermore, 
ASTN1 overexpression in a liver cancer cell line reduced 
the migratory and invasive capacity of the cells. Based on 
bioinformatics analysis, ASTN1 levels were negatively asso-
ciated with the Wnt signaling pathway. In addition, ASTN1 
downregulated the protein expression levels of β‑catenin, 
T‑cell factor  (TCF)1, TCF4, Jun proto‑oncogene  (C‑jun), 

Myc proto‑oncogene (C‑myc), cyclooxygenase‑2  (COX2), 
metalloproteinase (MMP)2, MMP9 and vascular endothelial 
growth factor (VEGF) protein levels, indicative of suppres-
sion of Wnt signaling. Furthermore, XAV939‑induced Wnt 
signaling suppression reversed the ASTN1‑mediated inhibi-
tion of invasion and migration in cells. Overexpression of 
ASTN1 in xenografts reduced cancer development as well as 
Wnt signaling. TIMER analysis showed that ASTN1 expres-
sion was negatively correlated with B cell, macrophage and 
neutrophil infiltrating levels in HCC. Together, the results of 
the present study showed that ASTN1 reduced the migratory 
and invasive capacity of liver cancer cells, potentially served 
as a candidate biomarker for diagnosis and prediction of the 
prognosis of HCC, and was associated with immune infiltra-
tion. Understanding the underlying mechanisms of action of 
ASTN1 may facilitate the development of novel strategies for 
prevention and treatment of liver cancer.

Introduction

Hepatocellular carcinoma (HCC) is the most common type 
of liver cancer, and ranks fifth in terms of mortality rates 
worldwide amongst all types of cancer, and its morbidity 
rates have been increasing on a yearly basis  (1). The 
outcomes of patients with HCC have improved significantly 
over the past decades, which has been ascribed to the 
development of improved local therapeutic techniques and 
resection criteria; nonetheless, the prognosis of patients with 
HCC remains poor, and the rates of distant metastasis and 
local recurrence are also high (2‑5). It is well documented 
that dysregulated gene expression serves an important role 
during the development and progression of cancer  (6‑8). 
Certain cancer markers have been identified for predicting 
the prognosis of surgical resection outcomes; however, they 
may not always exhibit the best predictive capacity (9,10). 
Therefore, identifying novel cancer markers is required 
to improve prediction of clinical outcomes. Additionally, 
understanding the mechanisms of action at the molecular 
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level underlying the involvement of predictive biomarkers 
may highlight potential novel targets for the treatment of 
patients with liver cancer.

Long non‑coding RNAs (lncRNAs) are non‑coding RNAs 
that are 2.2 kb in length. Hox transcript antisense RNA 
(HOTAIR) is a lncRNA encoded by the HOX gene cluster at 
the HOXC site (11). HOTAIR is upregulated in HCC compared 
with that in non‑cancerous tissues, and exerts its function 
through the activation of the Wnt/β catenin signal transduc-
tion pathway and is associated with metastasis (12). In vitro, 
it has been demonstrated that HOTAIR promotes migration 
and invasion of HCC cells (13,14). Furthermore, gene expres-
sion profiling has shown that HOTAIR knockdown results in 
upregulated astrotactin 1 (ASTN1) expression (15). ASTN1 
is a neuronal adhesion molecule, which is required for the 
physiological migration of granule cells during brain develop-
ment (16). However, its expression and functions within tumor 
tissues remain largely unknown, and additional studies are 
required to examine the role of ASTN1 in migration and inva-
sion in liver cancer.

The results of the present study showed that ASTN1 expres-
sion was decreased in liver cancer tissues compared with that 
noted in matched adjacent normal liver tissues. ASTN1 expres-
sion was upregulated or silenced to examine its functions in 
human liver cancer cells. Overexpression of ASTN1 reduced 
liver cancer invasion and migration through suppression of the 
Wnt signaling pathway. Additionally, ASTN1 expression was 
associated with HCC immune infiltration. Taken together, the 
results of the present study suggest that ASTN1 may be used 
as a diagnostic and prognostic marker in patients with liver 
cancer. 

Materials and methods

Patients and tissue specimens. In the present study 145 consec-
utive HCC cases (mean age, 47 years; age range, 22‑75 years; 
128 male and 17 female patients) undergoing surgical resection 
at Sun Yat‑sen University Cancer Center during 2004 were 
immunohistochemically analyzed. Their clinical data were 
acquired through reviewing medical records. Informed consent 
was obtained from all patients, and the study was approved 
by the Ethics Committee of Sun Yat‑sen University Cancer 
Center. Each case was followed once every month for the first 
6 months postoperatively, and once every 3 months thereafter. 
This study was ended on December 31, 2017. Magnetic reso-
nance imaging (MRI) or computed tomography (CT) was used 
to confirm tumor relapse or metastasis. Overall survival (OS) 
was deemed as the duration from the date of surgical resection 
to the date of death, whereas recurrence‑free survival (RFS) 
was the duration from the date of surgical resection to the date 
of metastasis or relapse.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from cells or tissues using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol, and subsequently treated with 
DNase. The RNA was reverse transcribed into cDNA using 
a RevertAid First‑Strand cDNA Synthesis kit (Thermo Fisher 
Scientific, Inc.). The thermocycling conditions was as follows: 
Pre‑degeneration at 95˚C for 10 min, denaturation at 95˚C for 

5 sec; annealing at 60˚C for 30 sec; followed by 40 cycles, 
and extension at 60˚C for 30 sec. qPCR was performed using 
SYBR‑Green qPCR Master mix (Thermo Fisher Scientific, 
Inc.) on an ABI 7300 system (Applied Biosystem; Thermo 
Fisher Scientific, Inc.). The sequences of the primers used 
were: ASTN1 forward, 5'‑CAA​TCT​CTT​CAA​TGG​CTA​
CAC‑3' and reverse, 5'‑TCC TTT​CCT​CCA​ATC​ATC​TAC‑3'; 
and GAPDH forward, 5'‑AAT​CC CAT​CAC​CAT​C TT​C‑3' and 
reverse 5'‑AGG​CTG​TTG​TCA​TAC​TTC‑3'. GAPDH was used 
as the loading control. Experiments were repeated three times. 
The 2−ΔΔCq method was used to normalize target gene mRNA 
expression to GAPDH mRNA levels (17).

Bioinformatics analysis. An HCC dataset including 374 tumor 
and 50 non‑carcinoma tissues was acquired from The Cancer 
Genome Atlas project (TCGA; tcga‑data.nci.nih.gov/tcga/). 
ASTN1 levels between tumor and adjacent non‑carcinoma 
tissues were compared using a Student's t‑test. The ASTN1 
levels between tumor and non‑tumor tissues were compared in 
the GEO datasets, GSE22058 (18) and GSE14520 (19), using 
Integrative Molecular Database of Hepatocellular Carcinoma 
(HCCDB) (20). ASTN1 expression in various types of cancer 
was determined using the Oncomine database (https://www.
oncomine.org/) with the selection criteria set as a significance 
threshold of P≤0.0001 and a fold change of 2. UALCAN 
(ualcan.path.uab.edu/index.html) was used to show ASTN1 
expression and patient clinical stage information based on 
gene expression. Survival analysis based on ASTN1 expression 
was performed using Kaplan‑Meier‑plotter (21). In addition, 
the pathways associated with ASTN1 were identified based 
on TCGA HCC dataset using gene set enrichment analysis 
(GSEA) using broad.mit.edu/gsea as described previously (22). 
Using Tumor Immune Estimation Resource (TIMER), ASTN1 
expression was analyzed across a range of different types of 
cancer and immune infiltration in HCC was estimated (23). 
The abundance of six immune infiltrates (B cells, CD4+ T cells, 
CD8+ T cells, neutrophils, macrophages and dendritic cells) 
were estimated, and their association with ASTN1 expression 
were analyzed using Spearman's rank correlation coefficient 
analysis. Scatter diagrams were drawn to show the correlation 
between immune‑related gene expression and ASTN1 expres-
sion.

Cell culture. HepG2, Hep3B, HCCLM3, Huh7, SKHEP1 and 
MIHA cells were provided by The Cell Bank of the Type 
Culture Collection of the Chinese Academy of Sciences, and 
cultured in DMEM supplemented with 10% FBS (Invitrogen, 
Thermo Fisher Scientific, Inc.), in the absence of antibiotics 
with 5% CO2 at 37˚C and 99% relative humidity.

Preparation and transfection of lentivirus. The lentiviral 
vector pLKO.1‑puro (Addgene, Inc.) containing one of the 
three anti‑ASTN1 short hairpin RNAs (sh)RNAs or the nega-
tive control (shNC) was transfected into cells. The sequences 
of the shRNAs were: shASTN1‑1, 5'‑GCC​AGA​GAA​AGC​
GGA​TCA​A‑3'; shASTN1‑2, 5'‑GCA​ACT​GCC​AGA​TG​GTC​
TT‑3'; and shASTN1‑3, 5'‑CCT​GGA​ACC​TGA​CAC​CAT​T‑3'. 
Human ASTN‑1 cDNA was inserted into a pLVX‑puro lenti-
viral vector (Addgene, Inc.) using the BamHI and EcoRI sites. 
Subsequently, Lipofectamine®  2000 (Invitrogen; Thermo 
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Fisher Scientific, Inc.) was used to transfect 293T cells with 
the lentiviral vector and packaging plasmids according to 
the manufacturer's protocol, to produce the lentiviruses. 
After 48 h of transfection, the medium from transfected cells 
were collected, mixed and filtered. The liver cancer cells were 
subjected to specific lentiviral infection using the filtered 
medium.

Western blotting. Antibodies against ASTN1 (dilution 
1:1,000; product code ab154522), T‑cell factor (TCF)1 
(dilution 1:1,000; product code ab183862), TCF4 (dilution 
1:1,000; product code ab130014), C‑jun (Jun proto‑oncogene) 
(dilution 1:5,000; product code ab40766), C‑myc (Myc 
proto‑oncogene) (dilution 1:1,000; product code ab32072), 
cyclooxygenase‑2 (COX2) (dilution 1:500; product code 
ab23672), metalloproteinase (MMP)2 (dilution  1:1,000; 
cat.  no.  ab97779), MMP9 (dilution 1:500; product code 
ab119906), vascular endothelial growth factor (VEGF) 
(dilution 1:300; product code ab1316) (all from Abcam), 
β‑catenin (dilution 1:1,000; cat.  no.  8480) and GAPDH 
(dilution 1:2,000; cat. no. 5174) (both from Cell Signaling 
Technology, Inc.) were used for western blotting. RIPA lysis 
buffer (JRDUN) supplemented with a protease inhibitor 
cocktail (Sigma Aldrich; Merck KGaA), was used to lyse 
tissues or cells. A bicinchoninic acid protein assay kit 
(Thermo Fisher Scientific, Inc.) was used to measure protein 
concentration. A total of ~25 µg protein lysate loaded on 
a 10  or  12% SDS gel, resolved using SDS‑PAGE and 
transferred to nitrocellulose membranes (EMD Millipore). 
Membranes were incubated with the primary antibodies 
overnight at  4˚C, and subsequently incubated with a 
horseradish peroxidase (HRP)‑labeled secondary antibody 
(dilution 1:1,000; cat. no. A0208 from Beyotime Institute 
of Biotechnology) for 1 h at room temperature. Enhanced 
chemiluminescence reagent (EMD Millipore) was used to 
visualize the signals.

Transwell and wound healing assays. Transwell assays 
were performed to determine the migratory and invasive 
capacity of the cells. In the migration assay, the transduced 
cells were plated in 24‑well plates. A total of 24 h later, cells 
were serum starved overnight, followed by trypsin diges-
tion; 200 µl serum‑free medium containing 5x104 cells was 
added to the upper chamber of a Transwell insert and 700 µl 
culture medium supplemented with 10% FBS was added to 
the lower chamber. The cells were incubated for 24 h at 37˚C. 
Subsequently, the cells which had migrated were fixed 
using 4% paraformaldehyde and stained using 0.5% crystal 
violet, and the number of cells stained was counted under a 
microscope. All tests were performed three times. Similarly, 
invasion assays were performed using a similar method to 
that of migration assay, with the addition of 80 µl Matrigel® 
(Corning, Inc.) to the upper chamber of the Transwell insert 
prior to addition of cells. 

For the wound healing assays, liver cancer cells were 
cultured in wells, and once confluent, the monolayer was 
scratched using a 10‑µl pipette tip. Subsequently, the cells were 
cultured using FBS‑free DMEM. An inverted microscope 
(Olympus IX73) was used to observe the migration of cells 
at 0, 12 and 24 h post‑scratching.

Tumor xenograft experiments in vivo. Animal studies were 
performed in accordance with guidelines released by the 
Experimental Animal Care Commission of Sun Yat‑sen 
University Cancer Center. Brief, 12  BALB/c nude mice 
(4‑5 weeks) (Shanghai SLAC Laboratory Animal Co., Ltd.) 
were raised under specific pathogen‑free conditions with 
a 12 h light/dark cycle, and ad libitum access to water and 
food. Establishment of tumor‑bearing nude mice was routinely 
accomplished through tail‑vein injections of HCCLM3 cells 
infected with the ASTN1‑expressing or control vector virus 
(1x107 cells in 100 µl PBS). A total of 4 weeks after cell trans-
plantation, the mice were sacrificed and the number of lung 
metastatic foci were counted. The tumors were extracted and 
subjected to hematoxylin and eosin (H&E) and immunofluores-
cence staining. The 5‑µm paraffin sections were stained with 
H&E for histological evaluation based on standard pathological 
methods. In the immunofluorescence assay, the 5‑µm sections 
were prepared from the paraffin‑embedded tissue blocks, 
followed by deparaffinization and rehydration according to a 
standard protocol. After antigen retrieval using citrate buffer 
solution (pH 6.0), tissues were incubated with anti‑ASTN1 
(Santa‑Cruz Biotechnology, Inc.; cat.  no.  sc‑514299) and 
anti‑β‑catenin (Abcam; cat. no. ab32572) overnight at 4˚C. 
Subsequently, anti‑mouse and anti‑rabbit horseradish peroxi-
dase (HRP)‑conjugated fluorescent dye-labeled secondary 
antibodies (cat. nos. A0428 and A0423; Beyotime Institute of 
Biotechnology) were used to label and visualize target protein 
expression in tissues.

Immunohistochemistry (IHC) analysis. For IHC, 5‑µm sections 
prepared from formalin‑fixed and paraffin‑embedded tissue 
blocks were used for analysis. Briefly, the paraffin‑embedded 
sections were deparaffinized using xylene and rehydrated 
using a series of solutions of decreasing alcohol concentrations. 
Subsequently, tissues were placed in boiling citrate buffer for 
antigen retrieval, and 3% H2O2 was used to block endogenous 
peroxidase activity. Tissues were incubated overnight with 
anti‑ASTN1 antibody (dilution, 1:150; cat.  no.  ab140533; 
Abcam) at 4˚C. The following day, the sections were washed 
and incubated using a HRP‑polymer anti‑Rabbit IHC kit 
(Maixin) at room temperature, and developed using DAB HRP 
Color Development kit (Maixin), followed by hematoxylin 
counter‑staining. Quantification of ASTN1 expression was 
performed as described in our previous study (9).

Statistical methods. GraphPad Prism (GraphPad Software, 
Inc.) was used for all statistical analyses. Differences between 
two groups were compared using a Student's t‑test. Difference 
between multiple groups were compared using a one‑way 
ANOVA with post hoc contrasts by Tukey test. The area 
under the receiver operating characteristic curve (AUC) was 
calculated using the pROC package in R. A χ2 test was used to 
analyze the association between ASTN1 expression levels and 
the clinicopathological characteristics. The OS was compared 
between patients with high and low ASTN1 expression levels 
using a log‑rank test and Kaplan‑Meier analysis. Furthermore, 
univariate and multivariate Cox proportional hazards regres-
sion models were used to determine survival‑related factors. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

ASTN1 expression is downregulated in HCC tissues relative 
to the matching adjacent normal tissue. ASTN1 levels within 
human HCC tissues were measured based on the TCGA 
dataset. ASTN1 expression levels were downregulated in HCC 
tissues (n=374) compared with the normal liver tissue (n=50) 
(9.14±0.14 vs. 10.95±0.14; P<0.0001; Fig. 1A). Furthermore, 
ASTN1 expression in the 50 paired HCC and adjacent 
non‑carcinoma tissue samples showed that ASTN1 mRNA 
levels were lower in tumor tissues compared with that in the 
paired non‑carcinoma HCC tissues (9.74±1.64 vs. 10.95±1.02; 
P<0.0001; Fig. 1B). Downregulated expression of ASTN1 in 
HCC was further validated in the GSE22058 (P=8.600x10‑11) 
and GSE14520 (P=2.480x10‑7) datasets (Fig.  1C). ASTN1 
differential expression between HCC and adjacent samples 
in HCCDB is shown in Fig. S1. ASTN1 protein and mRNA 
expression levels were analyzed in 5 liver cancer cell lines as 
well as in the MIHA normal liver cell line through western 
blotting and RT‑qPCR. ASTN1 levels were significantly lower 
in the liver cancer cells compared with the normal liver cell 
line (Fig. 1E and F). In addition, receiver operating charac-
teristic curve analysis suggested that ASTN1 was a potential 
diagnostic marker for HCC, with an AUC of 0.752 (Fig. 1D), 
and lower ASTN1 levels were associated with advanced patient 
clinical stage (Fig. 1G).

The Oncomine database showed that the ASTN1 expres-
sion was higher in two brain and CNS cancer studies, one liver 
cancer study [relatively small population using a micro‑array 
with lack of validation (GSE6764)], and one other cancer 
study; low in two brain and CNS cancer studies, two breast 
cancer studies, three kidney cancer studies and one myeloma 
cancer study (Fig. 2A). The differential expression of ASTN1 
across all TCGA cancer cases in TIMER is shown in Fig. 2B.

Associations between ASTN1 expression with clinicopatho‑
logical parameters and prognosis in patients with HCC. 
The associations between ASTN1 expression levels with the 
clinicopathological parameters were analyzed. Further, the 
ASTN1 levels in 145 HCC samples were also detected using 
IHC  (Fig. 3A). The 145 HCC patients were split into two 
groups, based on ASTN1 expression; 92 patients had levels of 
expression (score ≥6), and 53 patients had a low (score <6) 
ASTN1 levels. ASTN1 levels were significantly associated 
with the presence of microscopic satellite nodules (P=0.018), 
microscopic vascular invasion (P=0.010), tumor grade 
(P=0.003), encapsulation (P<0.001), Barcelona Clinic Liver 
Cancer (BCLC) stage (P=0.024) and Tumor‑Node‑Metastasis 
stage (P=0.007) as shown in Table I.

Prognosis and survival analysis was performed using 
the 365  cases from TCGA. Increased ASTN1 mRNA 
expression levels was associated with improved OS rates 

Figure 1. Downregulated ASTN1 levels in human liver cancer tissue samples are associated with advanced clinical stage. (A) ASTN1 expression was detected 
in HCC as well as normal liver tissues based on the TCGA HCC dataset. (B) ASTN1 mRNA expression levels were detected in HCC tissues as well as paired 
adjacent non‑cancerous tissues. (C) Further validation of ASTN1 expression using GEO datasets. (D) Diagnostic ability of ASTN1 in HCC. ASTN1 (E) mRNA 
and (F) protein expression levels in 5 liver cancer cell lines as well as the MIHA normal liver cell line. (G) Low ASTN1 levels were associated with advanced 
clinical stage. *P<0.05, **P<0.01, ***P<0.001 vs. normal control. ASTN1, astrotactin 1; TCGA, The Cancer Genome Atlas; HCC, hepatocellular carcinoma; 
GEO, Gene Expression Omnibus; AUC, area under the curve.
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(P=0.0056; Fig. 3B). KM‑plotter was used to validate the 
differences in OS based on ASTN1 expression, which showed 
that OS, RFS and progression‑free survival were significantly 
different in patients with HCC cases between low and high 
ASTN1 expression level groups (Fig. 3C). Low ASTN1 expres-
sion was associated with shorter survival times. To further 
verify the above findings, the ASTN1 levels among the recruited 
145 HCC patients were detected. The results suggested that 
patients with increased ASTN1 expression levels had higher 
OS (P<0.0001; Fig.  3D) as well as RFS rates (P<0.0001; 
Fig. 3E). According to results of univariate Cox regression 

analysis, ASTN1, microscopic vascular invasion, microscopic 
satellite nodules, and encapsulation were all associated 
with OS rates (Fig. 3F). Additionally, ASTN1, Child_Pugh, 
microscopic satellite nodule, microscopic vascular invasion 
and HBV history were all associated with RFS (Fig. 3G). 
To determine whether ASTN1 was an independent factor 
for predicting patient prognosis, multivariate analysis was 
performed on ASTN1 expression levels and clinicopatho-
logical characteristics. According to the Cox proportional 
hazards regression analysis, ASTN1 and microscopic vascular 
invasion were independent risk factors of OS  (Fig.  3H). 

Figure 2. ASTN1 expression in different types of cancer. (A) ASTN1 expression in different types of cancer based on the Oncomine database. (B) TCGA data-
base ASTN1 expression levels in TIMER. *P<0.05, ***P<0.001. ASTN1, astrotactin 1; TCGA, The Cancer Genome Atlas; TIMER, Tumor Immune Estimation 
Resource.
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Additionally, ASTN1, HBV history and microscopic vascular 
invasion were independent risk factors affecting patients 

RFS (Fig. 3I). Taken together, the above results suggest that, 
ASTN1 may serve as an independent biomarker for prediction 

Figure 3. Association of ASTN1 levels with HCC prognosis. (A)  Immunohistochemistry staining of HCC tissues. T, tumor; NT, nontumor tissue. 
(B) Kaplan‑Meier survival curves based on expression of ASTN1. (C) Kaplan‑Meier‑plotter was used to further validate the differences in survival based on 
ASTN1 expression. Low ASTN1 levels predicted a (D) less favorable OS and (E) RFS. Univariate analysis of (F) OS and (G) RFS. Multivariate analysis of 
(H) OS and (I) RFS. ASTN1, astrotactin 1; HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence‑free survival.
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of OS and RFS in patients with HCC [hazard ratio (HR), 0.313; 
95% confidence interval (CI), 0.188‑0.522; HR, 0.469; 95% CI, 
0.295‑0.745, respectively]. These results suggest that ASTN1 
may exhibit clinical value for the diagnosis and prognosis of 
patients with HCC.

Effects of knockdown and overexpression of ASTN1 levels in 
liver cancer cells. ASTN1 levels were significantly decreased in 
liver cancer cells, particularly in the HCCLM3 and Huh7 cells. 
To further investigate the role of ASTN1 in liver cancer, lentiviral 
transfection was performed to overexpress ASTN1 (oeASTN1) 
in HCCLM3 and Huh7 cells, and to knock down expression 
(shASTN1 1‑3) in HepG2 and Hep3B cells which exhibited higher 
levels of ASTN1 expression. Following transfection for 48 h, 
RT‑qPCR and western blotting were performed. Transfection 
with control shNC or the empty vector did not affect ASTN1 
expression levels (Fig. 4A). To knockdown ASTN1 expression, 
shASTN1 1‑3 were transfected into cells, and this resulted in 
a significant knockdown in ASTN1 expression in HepG2 and 
Hep3B cells; shASTN1‑3 exhibited the lowest knockdown effi-
ciency and was thus not used in subsequent experiments. ASTN1 
mRNA and protein expression levels were significantly upregu-
lated in the ASTN1 viral transfected cells compared with the 
untransfected and empty vector virus‑transfected cells (Fig. 4B).

ASTN1 suppresses the migratory and invasive capacities of 
liver cancer cells. Transwell invasion and migration assays 
were performed to determine the role of ASTN1 in the inva-
sive and migratory capacities of liver cancer cells. Knockdown 
of ASTN1 expression in HepG2 and Hep3B cells significantly 
increased the migratory and invasive capacity of the cells 
(Fig.  5A). Compared with the controls, overexpression of 
ASTN1 in HCCLM3 and Huh7 cell lines resulted in a signifi-
cant downregulation in migration and invasion  (Fig.  5B). 
These results suggest that ASTN1 suppressed the migratory 
and invasive capacity of liver cancer cells.

ASTN1 suppresses the Wnt signal transduction pathway in 
liver cancer. Pathways associated with ASTN1 were evaluated 
among TCGA HCC samples using GSEA. ASTN1 levels were 
negatively associated with REACTOME_SIGNALING_
BY_WNT and FEVR_CTNNB1_TARGETS_DN (Fig. 6A), 
suggesting ASTN1 potentially affected HCC migration and 
invasion through the Wnt/β‑catenin signaling pathway.

Activation of the Wnt signaling pathway induces invasion 
and proliferation of cells, which may serve a vital role in 
enhancing carcinogenesis. In the present study, ASTN1 levels 
were negatively associated with the Wnt signal transduction 
pathway; therefore, ASTN1 was hypothesized to inhibit the 
Wnt signaling activity. Western blotting was performed to 
measure the expression levels of the primary components 
(β‑catenin, TCF1, TCF4 and C‑jun) and the downstream effec-
tors (C‑myc, COX2, MMP2, MMP9 and VEGF) of the Wnt 
signaling pathway in liver cancer cells overexpressing ASTN1 
or with ASTN1 expression knocked down. Knockdown of 
ASTN1 expression in HepG2 and Hep3B cells resulted in a 
significant upregulation in β‑catenin, TCF1, TCF4, C‑jun, 
C‑myc, COX2, MM2, MMP9 and VEGF protein expression 
levels (Fig. 6B and D). Overexpression of ASTN1 in HCCLM3 
and Huh7 cells resulted in the opposite effect (Fig. 6C and E).

Table I. Association of ASTN1 with the clinicopathological 
variables of the HCC patients.

	 ASTN1 level
	 --------------------------------
Clinicopathological	 Case	 Low	 High
parameters	 (n=145)	 (n=53)	 (n=92)	 P‑value

Age (years)				    0.424
  <45	 73	 29	 44	
  ≥45	 72	 24	 48	
Sex				    0.338
  Male	 128	 45	 83
  Female	 17	 8	 9	
AFP (µg/l)				    0.805
  <400	 103	 37	 66	
  ≥400	 42	 16	 26	
Child_Pugh score				    0.132
  5	 143	 51	 92	
  6	 2	 2	 0	
HBV history				    0.248
  No	 20	 5	 15	
  Yes	 125	 48	 77	
Grades of differentiation				    0.003
  Low	 26	 17	 9	
  Medium	 99	 30	 69	
  High	 20	 6	 14	
Microscopic vascular invasion			   0.010
  Absent	 128	 42	 86	
  Present	 17	 11	 6	
Microscopic satellite nodules			   0.018
  Absent	 134	 45	 89	
  Present	 11	 8	 3	
Encapsulation				    <0.001
  Intact	 77	 15	 62	
  Destructed	 68	 38	 30	
Tumor size (cm)				    0.264
  <5	 88	 29	 59	
  ≥5	 57	 24	 33	
Tumor number				    >0.999
  Single	 132	 48	 84	
  Multiple	 13	 5	 8	
Tumor location				    0.526
  Left lobe	 43	 15	 28	
  Right lobe	 73	 35	 62	
  Both lobes	 5	 3	 2	
TNM stage				    0.007
  I	 113	 35	 78	
  II	 23	 12	 11	
  III	 9	 6	 3	
BCLC stage				    0.024
  A	 127	 43	 84	
  B	 15	 7	 8	
  C	 3	 3	 0	

ASTN, astrotactin 1; AFP, α‑fetoprotein; HBV, hepatitis B virus; 
BCLC, Barcelona Clinic Liver Cancer.
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Figure 5. ASTN1 reduces the migratory and invasive capacities of liver cancer cells. Transwell migration and invasions assays were performed to determine 
the migratory and invasive capacities of HepG2 and Hep3B cells following (A) ASTN1 silencing or (B) ASTN1 overexpression in HCCLM3 and Huh7 cells. 
*P<0.05, **P<0.01, ***P<0.001 vs. the shNC or Vector group. ASTN1, astrotactin 1; shNC, short hairpin negative control; Vector, empty vector transfected cells; 
oeASTN1, ASTN1‑overexpressing vector.

Figure 4. Knockdown and overexpression of ASTN1 expression in liver cancer cells. (A) HepG2 and Hep3B cells were subjected to ASTN1 shRNA 
(shASTN1‑1‑3) and shNC lentiviral infection. The protein levels of ASTN1 were detected following viral infection for 48 h. ***P<0.001 vs. with shNC. 
(B) ASTN1 was overexpressed in HCCLM3 and Huh7 cells using lentiviral transfection, and the protein levels of ASTN1 were detected following viral 
infection for 48 h. Untransfected cells were used as the negative control. ***P<0.001. ASTN1, astrotactin 1; shNC, short hairpin negative control; Vector, empty 
vector transfected cells; oeASTN1, ASTN1‑overexpressing vector.
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Wnt signaling mediates the effect of ASTN1 on migration and 
invasion. To determine the role of Wnt signal transduction in 
mediating the effect of ASTN1 on migration and invasion of 
cells, ASTN1‑silenced Hep3B cells were treated with XAV939 

to inhibit the Wnt signal transduction pathway (Fig. 7). ASTN1 
silencing significantly increased migration and invasion of 
cells, whereas XAV939 treatment suppressed these effects. 
Furthermore, western blot analysis showed that β‑catenin, 

Figure 6. ASTN1 suppresses the Wnt signaling pathway in liver cancer cells. (A) As suggested by gene set enrichment analysis, ASTN1 was negatively 
associated with the Wnt signal transduction pathway and CTNNB1 in TCGA HCC samples. Expression of the primary components of the Wnt signaling 
pathway (β‑catenin, TCF1, TCF4 and C‑jun) and the downstream effectors (C‑myc, COX2, MM2, MMP9, and VEGF) of the Wnt signaling pathway were 
assessed by western blotting in (B) HepG2 cells and (D) Hep3B cells following ASTN1 silencing, and in (C) HCCLM3 cells and (E) Huh7 cells following 
ASTN1 overexpression. HCC, hepatocellular carcinoma; ASTN1, astrotactin 1; shNC, short hairpin negative control; Vector, empty vector transfected 
cells; oeASTN1, ASTN1‑overexpressing vector; TCGA, The Cancer Genome Atlas; TCF, T‑cell factor; COX2, cyclooxygenase‑2; MMP, metalloproteinase; 
VEGF, vascular endothelial growth factor.
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TCF1, TCF4, C‑jun, C‑myc, COX2, MM2, MMP9 and VEGF 
protein expression levels were notably decreased in the Hep3B 
cells with ASTN1 expression knocked down when treated 
with XAV939. These results further verify the role of the Wnt 
signaling pathway in the effects of ASTN1 on migration and 
invasion.

ASTN1 inhibits tumorigenesis of HCC cells in vivo. To deter-
mine the role of ASTN1 levels in tumorigenesis, HCCLM3 
cells overexpressing ASTN1 (test group; oeASTN1) or the 
cells transfected with an empty vector virus (control group; 
vector), were injected into nude mice via the tail vein. The 
results suggested that, ASTN1 overexpression exhibited 

significantly slower tumor growth compared with the vector 
group (Fig. 8A). After 4 weeks, the number (Fig. 8B) and size 
(Fig. 8C) of tumors were significantly reduced in mice injected 
with ASTN1 overexpressing cells compared with the vector 
group. Furthermore, counterstaining of ASTN1 and β‑catenin 
was evaluated using immunofluorescence staining in tissues 
(Fig. 8D and E), which indicated that ASTN1 expression was 
upregulated, whereas β‑catenin expression was downregulated 
in the test group compared with the control group. These 
results suggest that overexpression of ASTN1 notably reduced 
HCC tumor development and metastasis in vivo, and this may 
have been mediated though inhibition of the Wnt signaling 
pathway.

Figure 7. The Wnt signal transduction pathway regulates the effects of ASTN1 on the migratory and invasive capacities of cells. Hep3B cells were transfected 
with ASTN1‑shRNA or shNC. Cells were treated with XAV939 after viral infection for 24 h. (A) Migratory and invasive capacities of Hep3B cells with 
ASTN1 expression silenced following XAV939 treatment were determined using Transwell assays. **P<0.01, ***P<0.001. (B) Western blot analysis of the key 
components and the downstream effectors of the Wnt signal transduction pathway. ASTN1, astrotactin 1; sh, short hairpin; NC, negative control; TCF, T‑cell 
factor; COX2, cyclooxygenase‑2; MMP, metalloproteinase; VEGF, vascular endothelial growth factor.
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ASTN1 is correlated with immune infiltration. The correlation 
between ASTN1 expression and immune infiltration levels 
were investigated using TIMER. The results showed that 
ASTN1 expression was significantly negatively correlated with 
tumor purity, B cell, macrophage and neutrophil infiltration 
(P<0.05; Fig. 9A). Patients with low macrophage (P=0.030) 
or neutrophil counts (P=0.008), or increased ASTN1 levels 
(P=0.002) exhibited improved survival rates (Fig. 9B). As 
shown in Table II, the correlations between ASTN1 expression 
and immune marker genes were also analyzed. The detailed 
correlation diagram results are presented in Figs. S2 and S3.

Discussion

HOTAIR is a lncRNA located on chromosome 12q13.13 at the 
HOXC site which is associated with cancer progression (24). 
Numerous studies examining the biological functions of 
HOTAIR during the progression of HCC have suggested 
that expression of HOTAIR is upregulated in hepatocellular 
carcinoma (HCC) tissues relative to the normal tissues, and 
that HOTAIR may serve as a potential marker of HCC (25). 
Inspired by the bioinformatics analysis on genes associated 
with invasiveness targeted by HOTAIR silencing, astrotactin 1 
(ASTN1) has been identified as one of the top most upregulated 
genes (15). Therefore, ASTN1 is speculated to be associated 
with liver cancer progression. To assess this hypothesis, ASTN1 
expression was examined using the TCGA HCC dataset as 
well as in patients who visited the Sun Yat‑sen University 
Cancer Center. According to the results of the present study, 
ASTN1 expression was significantly decreased in HCC tissues 
compared with non‑carcinoma tissues. Using Oncomine gene 
expression data we found that ASTN1 was slightly increased 

in HCC when compared with the normal liver. However, the 
Oncomine result should be interpreted with caution since 
GSE6764: i)  included a relatively small population (n=45), 
ii)  was based on microarray instead of RNA sequencing, 
and iii) had lack of validation. Additionally, downregulated 
ASTN1 expression levels in HCC were associated with a lower 
tumor grade, microscopic vascular invasion, microscopic 
satellite nodule, destructed encapsulation, advanced TNM 
stage, advanced BCLC stage and a less favorable OS. These 
results highlight the potential of ASTN1 as a candidate marker 
for diagnosis and prognostic prediction in patients with HCC.

There are only a few existing studies that have examined 
the effects of ASTN1 on tumor development, and only one 
study has examined its role in small lung cancer patients (26). 
Using exome sequencing, Iwakawa et al  (27) analyzed 44 
cancer tissues from 38 cases of small cell lung cancer in a 
Japanese cohort, as well as 38 normal controls, and there were 
notable ASTN1 gene mutations identified, highlighting the 
potential of ASTN1 during cancer development. The involve-
ment of ASTN1 in suppressing the migration of neuronal cells 
has garnered increasing attention over the last decades (28‑30). 
Yi et al (31) reported that miR‑sc3 enhanced the proliferation 
and migration of Schwann cells through targeting of ASTN1. 
Horn  et  al  (28) demonstrated that neuron migration and 
neuron‑glia attachment were determined by neural cadherin 
(CDH2) expression in glial cells, and ASTN1 enhanced 
cell migration through directly interacting with CDH2 in 
neurons and glial cells. CDH2 and ASTN1 formed a complex 
at the migration junction, which served a critical role in the 
glial‑mediated neuronal migration. In the present study, cases 
with ASTN1 downregulation were associated with increased 
risks of microscopic vascular invasion and advanced clinical 

Figure 8. ASTN1 suppresses the carcinogenesis of HCC cells in vivo. Nude mice (n=6) were injected with ASTN1‑overexpressing HCCLM3 cells (oeASTN1) or 
empty vector transfected cells. A total of 4 weeks after injection, the xenografts were collected and counted. (A) Representative images of the tumors generated 
by empty vector (top panel) and ASTN1‑overexpressing (bottom panel) cells. (B) Mean counts of two groups of mice were quantified. Less tumors were formed 
in the ASTN1‑overexpressing HCC cells compared with the empty vector transfected cells. *P<0.05, ***P<0.001. (C) Tumor sections stained with hematoxylin 
and eosin showed the presence of smaller tumor sizes in the ASTN1‑overexpressing group. Immunofluorescence staining was performed to assess (D ASTN1 
and (E) β‑catenin expression in xenografts. ASTN1 expression was increased and β‑catenin expression was decreased in the ASTN1‑overexpressing group. 
ASTN1, astrotactin 1; HCC, hepatocellular carcinoma.
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stage; therefore, the effects of ASTN1 on liver cancer migra-
tion and invasion were examined. The role of ASTN1 in the 
migratory and invasive capacity of liver cancer cells was 
assessed in the present study through regulating the expres-
sion of ASTN1 using lentiviral transfection. To the best of our 
knowledge, the present study is the first to show that ASTN1 
may be considered a tumor‑suppressor gene in liver cancer. 

At present, a number of signal transduction pathways 
have been shown to participate in regulating the invasive 

and metastatic capacity of liver cancer cells. Of these, the 
Wnt/β‑catenin signal transduction pathway is a classical 
pathway, which serves a critical role in embryonic development 
as well as self‑renewal of adult tissues (32). When abnormally 
activated, this pathway results in abnormal cell growth as 
well as malignant transformation (33). Approximately 30% of 
HCC patients show abnormally high levels of Wnt/β‑catenin 
signal transduction pathway activity (34‑36). The abnormal 
activation of the Wnt/β‑catenin signaling pathway within 

Figure 9. ASTN1 is correlated with immune infiltration. (A) Correlation between ASTN1 expression and tumor purity together with six immune infiltrates 
(B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages and dendritic cells). (B) Prognostic analysis of ASTN1 expression and six immune infiltrates. 
ASTN1, astrotactin 1.
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Table II. Correlation analysis between ASTN1 and immune cell markers in TIMER.

	 Correlation without adjustment	 Correlation adjusted by purity
	 ----------------------------------------------------------	 ----------------------------------------------------------
Cell types	 Gene markers	 Correlation	 P‑value	 Correlation	 P‑value

CD8+ T cells	 CD8A	 0.034182	 0.511591	 0.081896	 0.128411
	 CD8B	 0.015941	 0.759587	 0.063422	 0.239343
T cells (general)	 CD3D	 ‑0.12757	 0.013933	‑ 0.10127	 0.059859
	 CD3E	 0.007557	 0.884658	 0.034257	 0.52537
	 CD2	 ‑0.03618	 0.487164	‑ 0.00988	 0.854771
B cells	 CD19	 0.014771	 0.776747	 0.039349	 0.465652
	 CD79A	 0.11551	 0.026093	 0.13686	 0.010818
Monocytes	 CD86	 ‑0.04087	 0.432495	‑ 0.01351	 0.802259
	 CD115 (CSF1R)	 0.043919	 0.398952	 0.065139	 0.226833
TAMs	 CCL2	 0.180094	 0.000491	 0.191626	 0.000337
	 CD68	 ‑0.07161	 0.168719	‑ 0.05022	 0.351714
	 IL10	 0.002457	 0.962381	 0.023704	 0.660375
M1 macrophages	 INOS (NOS2)	 0.126491	 0.01477	 0.131225	 0.01458
	 IRF5	 ‑0.16654	 0.001285	‑ 0.16246	 0.002436
	 COX2 (PTGS2)	 0.26749	 1.69E‑07	 0.27122	 3.01E‑07
M2 macrophages	 CD163	 0.136422	 0.008511	 0.161701	 0.002554
	 VSIG4	 0.035601	 0.494211	 0.054388	 0.313091
	 MS4A4A	 0.050425	 0.332751	 0.066037	 0.220477
Neutrophils	 CD66b (CEACAM8)	 0.003447	 0.94725	‑ 0.00637	 0.906081
	 CD11b (ITGAM)	 ‑0.17579	 0.000671	‑ 0.16203	 0.002503
	 CCR7	 0.1447	 0.005231	 0.147673	 0.005923
Natural killer cells	 KIR2DL1	 0.081523	 0.116985	 0.102597	 0.05658
	 KIR2DL3	 0.042478	 0.41462	 0.053668	 0.319551
	 KIR2DL4	 ‑0.06845	 0.18832	‑ 0.02314	 0.667981
	 KIR3DL1	 0.073519	 0.157592	 0.089658	 0.095901
	 KIR3DL2	 0.056232	 0.28001	 0.097365	 0.070477
	 KIR3DL3	 ‑0.00972	 0.851954	 0.010157	 0.850686
	 KIR2DS4	 0.01597	 0.759156	 0.024581	 0.648643
Dendritic cells	 HLA‑DPB1	 0.01705	 0.743422	 0.047378	 0.37963
	 HLA‑DQB1	 ‑0.01022	 0.844391	 0.020789	 0.699987
	 HLA‑DRA	 0.01886	 0.717289	 0.049302	 0.360557
	 HLA‑DPA1	 0.032908	 0.527457	 0.056162	 0.297547
	 BDCA‑1 (CD1C)	 0.188423	 0.000262	 0.181648	 0.000687
	 BDCA‑4 (NRP1)	 0.193742	 0.000173	 0.219065	 3.95E‑05
	 CD11c (ITGAX)	 ‑0.06498	 0.211775	‑ 0.04713	 0.382092
Th1	 T‑bet (TBX21)	 0.111911	 0.031157	 0.127942	 0.017264
	 STAT4	 ‑0.03855	 0.45914	‑ 0.03675	 0.495677
	 STAT1	 ‑0.06341	 0.223052	‑ 0.05128	 0.341569
	 IFN‑γ (IFNG)	 ‑0.11173	 0.031431	‑ 0.0763	 0.156743
	 TNF‑α (TNF)	 ‑0.00913	 0.860897	‑ 0.00176	 0.973948
Th2	 GATA3	 0.050592	 0.331143	 0.076333	 0.156542
	 STAT6	 0.148376	 0.004181	 0.167407	 0.00178
	 STAT5A	 0.045432	 0.382891	 0.082603	 0.125135
	 IL13	 ‑0.01168	 0.822557	‑ 0.00147	 0.978293
Tfh	 BCL6	 0.136255	 0.008592	 0.123545	 0.02153
	 IL21	 ‑0.00174	 0.973357	‑ 0.01194	 0.824809
Th17	 STAT3	 0.067729	 0.19304	 0.095733	 0.075343
	 IL17A	 0.076524	 0.141253	 0.069255	 0.198757
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HCC enhances cell proliferation and increases resistance to 
sorafenib (37), and suppressing the Wnt/β‑catenin signaling 
pathway reduces the tumorigenic potential  (38). This 
suggests that the excessive activation of the Wnt/β‑catenin 
signal transduction pathway facilitates HCC tumorigenesis. 
Therefore, it is essential to explore the related mechanism of 
the hyperactivation of the Wnt/β‑catenin signal transduction 
pathway within liver cancer, which may assist in the develop-
ment of targeted therapeutics for preventing tumor relapse. 
Nonetheless, the role of ASTN1 in mediating the Wnt signal 
transduction pathway remains unclear. In the present study, 
the GSEA results based on TCGA dataset suggested that the 
ASTN1 levels were negatively associated with the Wnt signal 
transduction pathway. Consistent with this, the Wnt/β‑catenin 
signal transduction pathway was also found to be excessively 
activated in human liver cancer tissues. Therefore, these 
results suggest that ASTN1 functioned via the Wnt/β‑catenin 
signal transduction pathway and downregulated several of the 
downstream genes of this pathway. Overexpression of ASTN1 
resulted in a significant downregulation in β‑catenin, TCF1, 
TCF4, C‑jun, C‑myc, COX2, MM2, MMP9 and VEGF protein 
expression levels, which are the primary signaling components 
or effectors downstream of the Wnt signaling pathway, and are 
involved in the development of liver cancer. Treatment with 
XAV939, an inhibitor of the Wnt/β‑catenin signaling pathway, 
significantly increased the migratory and invasive capacity 
of ASTN1‑overexpressing cells. Taken together, these results 
suggest that the Wnt signaling transduction pathway regulated 
the functions of ASTN1 with regards to the invasive and 
migratory capacities of cells. 

Recent advances in checkpoint inhibition therapy have 
renewed investigative interest into tumor immunotherapy. 
The present study also predicted the association between 
ASTN1 expression and different immune infiltration levels 
in HCC. The results showed that the expression of ASTN1 in 
HCC was significantly associated with increased infiltration 
of B cells, macrophages and neutrophils. ASTN1 and marker 
genes of M1 macrophages were also significantly correlated. 
It has been shown that SPON2 may inhibit the metastasis 

of HCC through the recruitment of M1 macrophages (39). 
The Il‑6/STAT3 pathway mediates the polarization of M1 
macrophages in HCC (40). These results suggest the potential 
functional mechanism underlying ASTN1‑mediated regula-
tion of M1 macrophages in HCC, although further validation 
is required to confirm this hypothesis. Additionally, the corre-
lation between ASTN1 and cancer immune infiltrates requires 
further investigation.

In conclusion, downregulated ASTN1 expression was asso-
ciated with a less favorable prognosis in patients with HCC. In 
addition, overexpression of ASTN1 in liver cancer cells reduced 
the migratory and invasive capacity of the cells, and reduced 
the activity of the Wnt signal transduction pathway. ASTN1 
was shown to be correlated with immune infiltrates in HCC. 
Therefore, it is of crucial significance to examine the underlying 
mechanism of action of ASTN1 to develop novel preventative 
and therapeutic strategies for treatment of liver cancer.
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