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Abstract. To date, the role of hematopoietic‑substrate‑1‑asso-
ciated protein X‑1 (HAX1) in liver cancer is rarely studied. The 
present study explored the role of HAX1 in liver cancer. The 
association between HAX1 expression and survival of patients 
with liver cancer was analyzed by a log‑rank test. The target 
genes for HAX1 was predicted by TargetScan and verified by a 
dual‑luciferase reporter assay. The protein and mRNA expres-
sions of HAX1 in liver cancer and adjacent non‑cancerous 
tissues were examined by immunohistochemistry and reverse 
transcription‑quantitative PCR (RT‑qPCR). The transfection 
efficiency of HAX1, small interfering RNA against HAX1, 
microRNA (miR)‑125a mimics, miR‑125a inhibitor, miR‑223 
mimics and miR‑223 inhibitor in liver cancer cells was 
determined by RT‑qPCR. The expression of HAX1, p53, 
VEGF, epithelial‑to‑mesenchymal transition (EMT)‑related 
markers (E‑cadherin, N‑cadherin and vimentin) in the cancer 
cells were determined by western blotting and RT‑qPCR. Cell 
viability, migration, invasion and colony formation rates were 
determined by Cell Counting Kot‑8, wound healing, Transwell 
and colony formation assays, respectively. The results 
showed that high expression of HAX1 in liver cancer was 
found relate to poor prognosis in patients with liver cancer, 
and upregulation of HAX1 expression in liver cancer tissues 
was related to lower overall survival. miR‑125a‑5p directly 
binds to HAX1. Upregulation of miR‑125a‑5p expression 
inhibited cell viability, migration, invasion and colony forma-
tion of SK‑Hep1 cells and reduced the expression of HAX1, 
VEGF, N‑cadherin and vimentin, but increased cell apoptosis 
and the expression of p53 and E‑cadherin. However, the 
effects miR‑125a‑5p upregulation were partially reversed by 

SK‑Hep1 cells with HAX1 overexpression. Downregulated 
miR‑125a‑5p in SNU‑387 cells produced opposite effects, 
which was partially reversed by HAX silencing. In conclusion, 
miR‑125a‑5p suppresses liver cancer growth via targeting 
HAX1 and concurrently modulating the expression of p53 and 
VEGF and EMT‑related markers.

Introduction

Liver cancer is one of the most frequently occurring malignant 
tumors and is the second major cause of tumor‑related mortali-
ties worldwide (1). The incidence of liver cancer in China 
accounts for 55% of all worldwide cases (2,3). Although strate-
gies of treating liver cancer have improved, including surgical 
resection, transplantation, ablation, transarterial chemoemboli-
sation, and the tyrosine‑kinase inhibitors sorafenib, lenvatinib, 
and regorafenib (4), the efficacies remain unsatisfactory (5). 
The recurrence of HCC remains a major problem after curative 
treatment, reaching an incidence of >70% at 5 years (6,7). The 
development of molecular biology can give rise to improving 
liver cancer treatment at the molecular level (8).

Hematopoietic cell‑specific protein 1‑associated 
protein X‑1 (HAX1) is a multifunctional protein ~35 kDa in 
size and is involved in anti‑apoptosis, migration, adhesion 
and endocytosis regulation (9‑11). A previous study found that 
highly‑expressed HAX1 is associated with poor survival in 
human colorectal cancer (12), cutaneous squamous cell carci-
noma (13), laryngeal carcinoma (14) and multiple myeloma (15). 
Additionally, HAX1 is involved in the metastasis and genesis 
of various types of tumors  (16). Previous studies reported 
that HAX1 was overexpressed in liver cancer samples (17,18), 
suggesting that dysregulation of HAX‑1 expression plays a 
key role in liver cancer development. However, the underlying 
mechanism of HAX1 in the progression of liver cancer and its 
effects remain unclear.

MicroRNAs (miRs/miRNAs), which are a class of endog-
enous non‑coding genes ~22 nucleotides in size (19), modulate 
gene expression by directly binding to the 3'‑untranslated 
region (3'‑UTR) of the target mRNA at the post‑transcriptional 
level (20). MiRNAs can act as oncogenes or tumor suppres-
sors in tumor occurrence and progression, including liver 
cancer  (21‑23). It was found that miR‑125a‑5p is a tumor 
suppressor in the development of various cancers, including 

MicroRNA‑125a‑5p regulates liver cancer cell growth, 
migration and invasion and EMT by targeting HAX1

ZHONGMING ZHA1  and  JIE LI2

1Department of Hepato‑Pancreato‑Biliary‑Hernial Surgery Ward I, 
Luoyang Central Hospital Affiliated to Zhengzhou University, Luoyang, Henan 471000; 

2Department of Hepatobiliary Surgery, Zibo Central Hospital, Zibo, Shandong 255036, P.R. China

Received March 12, 2020;  Accepted July 29, 2020

DOI: 10.3892/ijmm.2020.4729

Correspondence to: Dr Jie Li, Department of Hepatobiliary 
Surgery, Zibo Central Hospital, 54 Gongqingtuan West Road, Zibo, 
Shandong 255036, P.R. China
E‑mail: jieli_lijiej@163.com

Key words: hematopoietic‑substrate‑1‑associated protein X‑1, 
microRNA‑125a‑5p, migration, invasion, epithelial‑to‑mesenchymal 
transition



ZHA  and  LI:  miR-125a-5p AND HAX1 IN LIVER CANCER PROGRESSION1850

in human gastric cancer (24), hepatitis B virus‑related liver 
cancer (25) and gastric cancer (26). Notably, a previous report 
demonstrated that miR‑125a‑5p expression is downregulated 
in liver cancer tissues and cell lines, and lowly expressed 
miR‑125a‑5p is correlated with aggressive pathological 
features (27). However, whether miR‑125a‑5p participates in 
the regulation of HAX1 in liver cancer remains to be elucidated.

In the present study, HAX1 expression in liver cancer 
tissues and cells, and its association with the prognosis 
of patients with liver cancer were examined. The effects 
of HAX1 on the development of liver cancer were also 
explored. Furthermore, the present study determined whether 
miR‑125a‑5p was involved in the development of liver cancer 
via regulating HAX1 expression.

Materials and methods

Ethics statement. The present study was approved by the 
Ethics Committee of the Luoyang Central Hospital Affiliated 
to Zhengzhou University (approval no. LC20170416022). All 
patients signed informed consent.

Clinical specimens. A total of 40 primary liver tumor 
tissues and adjacent non‑cancerous samples were obtained 
from patients with liver cancer (age range, 28‑75; 22 males; 
18  females) who received tumor resection in Luoyang 
Central Hospital Affiliated to Zhengzhou University between 
May 2012 and May 2014. All patients with liver cancer did not 
receive radiotherapy or chemotherapy prior to the surgery.

Cell lines. Human normal liver cell line (THLE‑2) and liver 
cancer cell lines (Hep3B, PLC/PRF/5, SK‑Hep1, SNU‑182 
and SNU‑387) were obtained from American Type Culture 
Collection. The cells were cultured in DMEM (cat. no. 12100; 
Beijing Solarbio Science & Technology Co., Ltd.) supple-
mented with 10% FBS (cat. no. 11011‑8611; Beijing Solarbio 
Science & Technology Co., Ltd.) and penicillin‑streptomycin 
liquid (100 U/ml penicillin, 100 mg/ml streptomycin; cat. 
no. P1400; Beijing Solarbio Science & Technology Co., Ltd.) 
at 37˚C with 5% CO2.

Cell transfection. To construct plasmids expressing HAX1, 
the full‑length human HAX1 sequence was synthesized by 
Guangzhou RiboBio Co., Ltd. and ligated into the pcDNA3.1 
plasmid (cat. no. V79020; Thermo Fisher Scientific, Inc.). For 
cell transfection, 2 mg/ml HAX1 vector, 50 pmol/ml miR‑125a 
mimics (cat. no. miR10000443‑1‑5; Guangzhou RiboBio Co., 
Ltd.), 50 pmol/ml mimics negative control (mimics NC; cat. 
no.  miR1N0000001‑1‑5; Guangzhou RiboBio Co., Ltd.), 
50  pmol/ml miR‑223 mimics (cat. no.  miR10000280‑1‑5; 
Guangzhou RiboBio Co., Ltd.), 50  pmol/ml miR‑125a 
inhibitor (cat. no. miR20000443‑1‑5; Guangzhou RiboBio Co., 
Ltd.), 50 pmol/ml inhibitor NC (cat. no. miR2N0000001‑1‑5; 
Guangzhou RiboBio Co., Ltd.), small interfering RNA 
(siRNA) against HAX1 (siHAX1; cat. no. siG000010456A‑1‑5; 
Guangzhou RiboBio Co., Ltd.) and siRNA negative control 
(siNC; cat. no.  siN0000002‑1‑5, Guangzhou RiboBio Co., 
Ltd.) were transfected into SK‑Hep1 and SNU‑387 cells. Cell 
transfection was conducted using Lipofectamine™ 2000 
(cat. no. 11668; Invitrogen; Thermo Fisher Scientific, Inc.). 

In addition, untreated cells were used as control. SNU‑387 
cells transfected with pcDNA3.1 empty plasmid were used as 
the NC group, while SK‑Hep1 cells transfected with siRNA 
negative control used as the siNC group.

Prognosis analysis. The association between patient survival 
and HAX1 expression in patients with liver cancer was plotted 
using Kaplan‑Meier curves and log‑rank tests based on data 
obtained from Kaplan‑Meir Plotter (http://kmplot.com/anal-
ysis/index.php?p=service&cancer=liver_rnaseq) (28) and data 
from follow‑up time (60 months).

Immunohistochemistry. Immunohistochemistry was 
performed as previously described (29). The sections were 
incubated with primary antibody against HAX1 (rabbit; cat. 
no.  ab137613; 1:1,000; Abcam) overnight at 4˚C followed 
by secondary antibody incubation (goat anti‑rabbit; cat. 
no. ab205718; 1:2,000; Abcam). The sections were dyed with 
3,3‑diaminobenzidine horseradish peroxidase color develop-
ment kit (cat. no. P0203; Beyotime Institute of Biotechnology), 
counter‑stained with hematoxylin, added to coverslips and 
observed under a light microscope (Olympus Corporation).

Reverse transcript ion‑quantitat ive real‑t ime PCR 
(RT‑qPCR). Total RNAs were extracted from the collected 

Table I. Primer sequences used for reverse transcription‑​
quantitative PCR.

Gene	 Primer sequences (5'‑3')

HAX1	 F: CAGGAGGAGGGATACGTTTCC
	 R: CCCATATCGCTGAAGATGCTATT
miR‑125a‑5p	 RT: 5'‑GTCGTATCCAGTGCGTGTCG
	 TGGAGTCGGCAATTGCACTGGATA
	C GACTCACAGGT‑3'
	 F: TGTGAGTCGTATCCAGTGCAA
	 R: GTATCCAGTGCGTGTCGTGG
miR‑223‑3p	 F: CCCAGTCGTATCCAGTGCAA
	 R: GTCGTATCCAGTGCGTGTCG
p53	 F: CAGCACATGACGGAGGTTGT
	 R: TCATCCAAATACTCCACACGC
VEGF	 F: AGGGCAGAATCATCACGAAGT
	 R: AGGGTCTCGATTGGATGGCA
E‑cadherin	 F: CGAGAGCTACACGTTCACGG
	 R: GGGTGTCGAGGGAAAAATAGG
N‑cadherin	 F: TCAGGCGTCTGTAGAGGCTT
	 R: ATGCACATCCTTCGATAAGACTG
Vimentin	 F: GACGCCATCAACACCGAGTT
	 R: CTTTGTCGTTGGTTAGCTGGT
GADPH	 F: GGAGCGAGATCCCTCCAAAAT
	 R: GGCTGTTGTCATACTTCTCATGG
U6	 F: CTCGCTTCGGCAGCACA
	 R: ACGCTTCACGAATTTGCGT

HAX1, hematopoietic‑substrate‑1‑associated protein X‑1; miR, 
microRNA; F, forward; R, reverse; RT, reverse transcription.
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tissues and cells (SK‑Hep1 and SNU‑387) using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The 
reverse transcription of non‑miRNAs was performed using 
the PrimeScript RT reagent kit (cat. no. RR036B; Takara 
Bio, Inc.) according to the manufacturer's instructions. The 
reverse transcription of miRNAs was performed using a 
stem‑loop RT primer and the PrimeScript RT reagent kit 
(Takara Bio, Inc.) according to the manufacturer's instruc-
tions. cDNAs were amplified on a 7500 Fast Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
using TB Premix Ex Taq (cat. no. RR820L; Takara Bio, Inc.). 
The following thermocycling conditions were used for the 
qPCR: Initial denaturation at 94˚C for 30 sec, followed by 
40 cycles of denaturation at 94˚C for 5 sec, annealing at 55˚C 
for 30  sec and final extension at 72˚C for 30  sec. Gene 
expression was normalized to GAPDH or U6 as appropriate 
(Sangon Biotech Co., Ltd.). The expression was calculated 
and quantified using the 2‑ΔΔCq method  (30). The primer 
sequences are listed in Table I.

Western blotting. Total proteins were extracted from the 
tissues and cells (SK‑Hep1 and SNU‑387) using RIPA buffer 
(cat. no.  R0010; Beijing Solarbio Science & Technology 
Co., Ltd.). Protein concentration was detected using a BCA 
protein assay kit (cat. no. PC0020; Beijing Solarbio Science 
& Technology Co., Ltd.). Whole cell lysates (30  µg/lane) 
were separated by 12.5% SDS‑PAGE and then transferred 
to PVDF membranes (cat. no.  FFP32; Beyotime Institute 
of Biotechnology) with an electroblotting apparatus. 
Subsequently, the membranes were incubated in 5% (w/v) 
skimmed milk for 1 h at 37˚C to block non‑specific binding, and 
then treated with the appropriate primary antibodies overnight 
at 4˚C (Table II). The membranes were then treated with goat 
anti‑mouse secondary antibody (cat. no. ab205719; Abcam) or 
goat anti‑rabbit secondary antibody (cat. no. ab205718; Abcam) 
at 1:2,000 dilution for 1 h at 37˚C. Protein signals were visual-
ized using an ECL detection kit (cat. no. P0018FS; Beyotime 
Institute of Biotechnology) and normalized to GAPDH. The 
target bands were visualized by a gel documentation system 
(C‑DiGit Blot Scanner; LI‑COR Biosciences).

Cell Counting Kit‑8 (CCK‑8) assay. Cell viability was 
detected using a CCK‑8 kit (cat. no. CK04; Dojindo Molecular 
Technologies, Inc.) according to the manufacturer's protocol. 

Transfected SK‑Hep1 and SNU‑387 cells (1x104 cell/well) 
were cultured in 96‑well plates containing DMEM at 37˚C 
with 5% CO2 for 0, 24 and 48 h. CCK‑8 solution (10 ml) was 
added into the cells and incubated for another 4 h. A micro-
plate reader (Sunrise Microplate Reader; Tecan Group, Ltd.) 
was used to detect the absorbance at a wavelength of 450 nm.

Scratch wound healing assay. Cell migration was determined 
using a scratch wound‑healing assay. In brief, the SK‑Hep1 and 
SNU‑387 cells were cultured in six‑well plates to 80% conflu-
ence. Subsequently, DMEM was discarded and the cells in the 
six‑well plates were scratched with a 10‑µl tip and incubated 
with serum‑free DMEM. The cells were further cultured for 
24 h. Cell migration was analyzed by counting migrated cells 
under an inverted microscope (x100 magnification; Ts2R‑FL; 
Nikon Corporation) using ImageJ 1.8.0 (National Institutes of 
Health).

Transwell invasion assay. Cell invasion was detected using a 
Transwell assay. In brief, transfected SK‑Hep1 and SNU‑387 
cells (5x105 cell/well) were added into the upper chamber 
(precoated with Matrigel matrix), which contained 200 ml 
DMEM without serum, while the lower Transwell chamber 
contained with 600 µl DMEM supplemented with 20% FBS. 
Following culture for 24 h, non‑invasive cells remaining in 
the upper chamber were gently scraped off with cotton swabs, 
while the medium in the lower chamber were aspirated. Cells 
were fixed with 4% paraformaldehyde for 15 min at room 
temperature and stained with 0.1% crystal violet for 20 min at 
room temperature. Cells were counted from five random fields 
under an inverted microscope (x200 magnification; Ts2R‑FL; 
Nikon Corporation).

Colony formation unit assay. SK‑Hep1 and SNU‑387 cells 
were seeded into six‑well plates at a density of 1x103 cells/well. 
DMEM was replaced every 4 days. After culture for 14 days, 
the cells were fixed with 4% paraformaldehyde for 15 min at 
room temperature and stained with crystal violet for 15 min at 
room temperature. The cell clones were photographed using 
a camera (Nikon D90; Nikon Corporation) and the relative 
colony formation rates were calculated.

Cell apoptosis detection. The apoptosis of SK‑Hep1 and 
SNU‑387 cells was determined by flow cytometry using an 

Table II. List of primary antibodies used for western blotting.

Protein	 Antibody	C at. no.	C ompany	 Antibody dilution

HAX1	 Rabbit anti‑HAX1 antibody	 ab78939	 Abcam	 1:1,000
p53	 Mouse anti‑p53 antibody	 ab26	 Abcam	 1:1,000
E‑cadherin	 Rabbit anti‑E‑cadherin antibody	 ab40772	 Abcam	 1:500
VEGF	 Rabbit anti‑VEGF antibody	 ab1316	 Abcam	 1:1,000
N‑cadherin	 Rabbit anti‑N‑cadherin antibody	 ab18203	 Abcam	 1:1,000
Vimentin	 Rabbit anti‑vimentin antibody	 ab92547	 Abcam	 1:1,000
GAPDH	 Mouse anti‑GAPDH antibody	 ab8245	 Abcam	 1:1,000

HAX1, hematopoietic‑substrate‑1‑associated protein X‑1.
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Annexin V/PI kit (cat. no. KGA108; Nanjing KeyGen Biotech 
Co., Ltd.) according to the manufacturer's instructions. In 
brief, treated SK‑Hep1 and SNU‑387 cells were collected and 
incubated with Annexin V/PI for 15 min at room temperature 
in the dark. Finally, the fluorescence of cells was detected and 
analyzed by fluorescence‑activated cell sorting (FACSCalibur; 
BD Biosciences).

Dual‑luciferase activity assay. TargetScan (http://www.
targetscan.org/vert_72/) predicted that miR‑125a‑5p and 
miR‑223‑3p were the target genes for HAX1. The sequence of 
the 3'‑UTR of HAX1 with the binding sites for has‑miR‑125a‑5p 
or has‑miR‑223‑3p was synthesized by Guangzhou RiboBio 
Co., Ltd. and cloned into a luciferase reporter gene vector 

(cat. no. E1330; Promega Corporation). In this experiment, 
the mutation (mut) refers to the change of sequence of the 
putative binding site of HXA1 in miR‑125a‑5p or miR‑223‑3p. 
HXA1‑mut contained a mutation in the predicted binding 
sites of miR‑125a‑5p or miR‑223‑3p. The sequence of 
HXA1‑mut was as follows: 5'‑AGC​UUC​UCU​UGC​CAC​CUA​
GCC​AG‑3' or 5'‑UUU​GUC​ACU​CAC​CCA​AAG​GCG​C‑3'. 
The HAX1‑3'‑UTR mut was purchased from Guangzhou 
RiboBio Co., Ltd. and cloned into a luciferase reporter 
gene vector (cat. no. E1330; Promega Corporation). For the 
dual‑luciferase reporter assay, the reporter vector plasmid and 
miR‑125a mimics or miR‑223 mimics were co‑transfected 
into 293T cells (cat. no. CRL‑11268; American Type Culture 
Collection) using Lipofectamine™ 2000 (cat. no.  11668; 

Figure 1. HAX1 is overexpressed in liver cancer tissues and cells and associated with patient prognosis. (A) The association between HAX1 expression and 
overall survival of patients with liver cancer was analyzed based on data from Kaplan‑Meier Plotter. (B) HAX1 expression in liver cancer tissues and adjacent 
normal tissues was determined by RT‑qPCR. **P<0.01 vs. normal. (C) HAX1 protein in liver cancer tissues and adjacent normal tissues was stained by 
immunohistochemistry. (D) The association between overall survival and HAX1 in patients with liver cancer was analyzed based on data from follow‑up time 
(60 months). (E and F) HAX1 protein expression in human normal liver cell line THLE‑2 and human liver cancer cell lines (Hep3B, PLC/PRF/5, SK‑Hep1, 
SNU‑182 and SNU‑387) was determined by western blotting. **P<0.01 vs. THLE‑2. (G) HAX1 mRNA levels in human normal liver cell line THLE‑2 
and human liver cancer cell lines (Hep3B, PLC/PRF/5, SK‑Hep1, SNU‑182 and SNU‑387) was determined by RT‑qPCR. GAPDH was used as an internal 
control. **P<0.01 vs. THLE‑2. Data are shown as the mean ± standard deviation. HAX1, hematopoietic‑substrate‑1‑associated protein X‑1; RT‑qPCR, reverse 
transcription‑quantitative PCR; HR, hazard ratio.
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Invitrogen; Thermo Fisher Scientific, Inc.). Following trans-
fection for 48 h, the luciferase activities of different groups 
were measured using the Dual‑Luciferase Reporter Assay 
system (cat. no. E1910; Promega Corporation). The luciferase 
activities were normalized to Renilla luciferase activity.

Statistical analysis. The data are represented as the mean ± SD 
and analyzed using SPSS 19.0 software (IBM Corp.). 
Kaplan‑Meier plots were analyzed with log‑rank test. Paired 
t‑test was used for analysis of paired samples. Comparison 
between two groups was performed by Student's t‑test, whereas 
comparison among multiple groups was performed by one‑way 
ANOVA analysis followed by Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

High HAX1 expression is observed in liver cancer 
t issues and cells and associated with prognosis 
of patients.  Based analysis of data obtained from 
Kaplan‑Meier Plotter (http://kmplot.com/analysis/index.
php?p=service&cancer=liver_rnaseq), Kaplan‑Meier plots 
revealed that high HAX1 expression in liver cancer cases 
was associated with lower overall survival compared with 
low HAX1 expression (Fig. 1A; P<0.05), and HAX1 showed 
significantly higher expression in liver cancer tissues 
compared with normal tissues (Fig.  1B; P<0.01). HXA1 
protein staining from two representative cases are shown 
in Fig. 1C.

Figure 2. HAX1 silencing suppresses cell viability, migration, invasion and colony formation of SK‑Hep1 cells. (A) SK‑Hep1 cells were divided into Control 
(untreated), siNC (transfected with siRNA negative control) and siHAX1 (transfected with HAX1‑target‑siRNA) groups. The transfection efficiency of siHAX1 
was detected by reverse transcription‑quantitative PCR. (B) Relative cell viability was determined using a Cell Counting Kit‑8 assay at 0, 24 and 48 h. (C) Cell 
migration was determined by scratch wound‑healing assay. (D) Cell invasion was determined by Transwell invasion assay. (E) Cell colony numbers were deter-
mined by colony formation assay. *P<0.05 and **P<0.01 vs. siNC. Data are shown as the mean ± standard deviation. HAX1, hematopoietic‑substrate‑1‑associated 
protein X‑1; si, small interfering RNA; NC, negative control; OD, optical density.
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The overall survival of liver cancer patients with high 
HAX1 expression was significantly lower compared with 
patients with low HAX1 expression (Fig.  1D; P<0.05) 
obtained from Luoyang Central Hospital Affiliated to 
Zhengzhou University. Additionally, significantly higher 
protein (Fig. 1E and F; P<0.01) and mRNA (Fig. 1G; P<0.01) 
expression of HAX1 were observed in human liver cancer cell 
lines (Hep3B, PLC/PRF/5, SK‑Hep1, SNU‑182 and SNU‑387) 
compared with human normal liver cell line THLE‑2. HAX1 
expression was lower in SNU‑387 cells compared with other 
liver cancer cell lines (Fig. 1E‑G), while HAX1 expression 
was higher in SK‑Hep1 cells than other liver cancer cell lines 

(Fig. 1E‑G). Therefore, SNU‑387 and SK‑Hep1 cells were used 
in the following experiments.

HAX1 silencing suppresses the viability, migration, inva‑
sion and colony formation of SK‑Hep1 cells. To determine 
the biological role of HAX1 in the development of liver 
cancer, SK‑Hep1 cells were transfected with siHAX1 to 
downregulate HAX1 expression. RT‑qPCR results showed 
that HAX1 expression was significantly lower in the siHAX1 
group compared with the siNC group (Fig. 2A; P<0.01). As 
shown in Fig. 2B‑E, compared with the siNC group, HAX1 
silencing significantly suppressed the cell viability at 24 and 

Figure 3. HAX1 overexpression promotes cell viability, migration, invasion and colony formation of SNU‑387 cells. (A) SNU‑387 cells were divided into Control 
(untreated), NC (transfected with pcDNA3.1 empty plasmid) and HAX1 (transfected with pcDNA3.1‑HAX1) groups. The transfection efficiency of pc‑HAX1 
was evaluated by reverse transcription‑quantitative PCR. (B) Relative cell viability was determined using a Cell Counting Kit‑8 assay at 0, 24 and 48 h. (C) Cell 
migration was determined by scratch wound‑healing assay. (D) Cell invasion was determined by Transwell invasion assay. (E) Cell colony numbers were deter-
mined by colony formation assay. *P<0.05 and **P<0.01 vs. NC. Data are shown as the mean ± standard deviation. HAX1, hematopoietic‑substrate‑1‑associated 
protein X‑1; NC, negative control; OD, optical density.



INTERNATIONAL JOURNAL OF MOlecular medicine  46:  1849-1861,  2020 1855

Figure 5. HAX1 reverses the effects of miR‑125a on cell viability. (A) The effects of miR‑125a mimics on the expression of miR‑125a and miR‑223 normal-
ized to U6 in SK‑Hep1 cells was determined by RT‑qPCR. **P<0.01 vs. mimic NC. (B) The effects of miR‑125a inhibitor on the expression of miR‑125a 
and miR‑223 normalized to U6 in SNU‑387 cells was determined by RT‑qPCR. **P<0.01 vs. inhibitor NC. (C) The viability of SK‑Hep1 cells transfected 
with miR‑125a mimics or HAX1 or co‑transfected with miR‑125a mimics and HAX1 was determined using a Cell Counting Kit‑8 assay. *P<0.05 and 
**P<0.01 vs. mimics NC. #P<0.05 and ##P<0.01 vs. miR‑125a mimics. ^P<0.05 and ^^P<0.01 vs. mimics NC + HAX1. (D) The viability of SNU‑387 cells 
transfected with miR‑125a inhibitor or siHAX1 or co‑transfected with miR‑125a inhibitor and siHAX1 was determined using a Cell Counting Kit‑8 assay. 
**P<0.01 vs. inhibitor NC. ##P<0.01 vs. miR‑125a inhibitor. ^P<0.05 vs. inhibitor NC + siHAX1. Data are shown as the mean ± standard deviation. HAX1, 
hematopoietic‑substrate‑1‑associated protein X‑1; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; OD, optical density; si, small interfering 
RNA; NC, negative control.

Figure 4. HAX1 is the target of miR‑125a‑5p. (A) HAX‑1 was predicted to be a target of miR‑125a‑5p and miR‑223‑3p by the TargetScan database. (B) The 
luciferase activity of 293T cells co‑transfected with (B) wild‑type/mutant 3'‑UTR of HAX1 (HAX1‑3'‑UTR/HAX1‑3'‑UTR mut) and miR‑125a mimics and 
(C) wild‑type/mutant 3'‑UTR of HAX1 (HAX1‑3'‑UTR/HAX1‑3'‑UTR mut) and miR‑223 mimics was determined using a dual‑luciferase reporter assay. 
**P<0.01 vs. control (cells transfected with HAXA‑3'‑UTR alone). Data are shown as the mean ± standard deviation. HAX1, hematopoietic‑substrate‑1‑associated 
protein X‑1; miR, microRNA; 3'‑UTR, 3'‑untranslated region; mut, mutant.
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Figure 6. HAX1 reverses the effects of miR‑125a on cell migration, invasion and colony formation. (A) The migration of SK‑Hep1 cells transfected with 
miR‑125a mimics or HAX1 or co‑transfected with miR‑125a mimics and HAX1 was determined by scratch wound‑healing assay. **P<0.01 vs. mimics 
NC. ##P<0.01 vs. miR‑125a mimics. ^^P<0.01 vs. mimics NC + HAX1. (B) The migration of SNU‑387 cells transfected with miR‑125a inhibitor or HAX1 
or co‑transfected with miR‑125a inhibitor and siHAX1 was determined by scratch wound‑healing assay. **P<0.01 vs. inhibitor NC. ##P<0.01 vs. miR‑125a 
inhibitor. ̂ ^P<0.01 vs. inhibitor NC + siHAX1. (C) The invasion of SK‑Hep1 cells transfected with miR‑125a mimics or HAX1 or co‑transfected with miR‑125a 
mimics and HAX1 was determined by Transwell invasion assay. **P<0.01 vs. mimics NC. ##P<0.01 vs. miR‑125a mimics. ^^P<0.01 vs. mimics NC + HAX1. 
(D) The invasion of SNU‑387 cells transfected with miR‑125a inhibitor or siHAX1 or co‑transfected with miR‑125a inhibitor and siHAX1 was determined 
by Transwell invasion assay. **P<0.01 vs. inhibitor NC. ##P<0.01 vs. miR‑125a inhibitor. ^^P 0.01 vs. inhibitor NC + siHAX1. (E) Cell colony numbers were 
determined using a colony formation assay following transfection of SK‑Hep1 cells with miR‑125a mimics or HAX1 or co‑transfection with miR‑125a 
mimics and HAX1. **P<0.01 vs. mimics NC. ##P<0.01 vs. miR‑125a mimics. ^^P<0.01 vs. mimics NC + HAX1. (F) Cell colony numbers were determined by 
colony formation assay following transfection of SNU‑387 cells with miR‑125a inhibitor or siHAX1 or co‑transfection with miR‑125a inhibitor and siHAX1. 
**P<0.01 vs. inhibitor NC. ##P<0.01 vs. miR‑125a inhibitor. ^^P 0.01 vs. inhibitor NC + siHAX1. Data are shown as the mean ± standard deviation. HAX1, 
hematopoietic‑substrate‑1‑associated protein X‑1; miR, microRNA; si, small interfering RNA; NC, negative control.
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48 h (Fig. 2B; P<0.05 or P<0.01), migration at 24 h (Fig. 2C; 
P<0.01), invasion at 24 h (Fig. 2D; P<0.01) and colony forma-
tion at 24 h (Fig. 2E; P<0.01).

HAX1 overexpression promotes the viability, migration, 
invasion and colony formation of SNU‑387 cells. SNU‑387 
cells were transfected with pcDNA3.1‑HAX1 plasmid to 
upregulate HAX1 expression, and cells transfected with 
pcDNA3.1 empty plasmid as were used as the negative control. 
RT‑qPCR results revealed that HAX1 expression was signifi-
cantly higher in the HAX1 group compared with the NC group 
(Fig. 3A; P<0.01). As shown in Fig. 3B‑E, compared with the 
NC group, HAX1 overexpression significantly promoted cell 
viability at 24 and 48 h (Fig. 3B; P<0.05 or P<0.01), migration 
at 24 h (Fig. 3C; P<0.01), invasion at 24 h (Fig. 3D; P<0.01) and 
colony formation at 24 h (Fig. 3E; P<0.01).

HAX1 is a target gene of miR‑125a‑5p. TargetScan predicted 
that miR‑125a‑5p and miR‑223‑3p could bind to the HAX1 
3'‑UTR (Fig. 4A). Dual‑luciferase reporter assay demonstrated 
that miR‑125amimics significantly inhibited the luciferase 
activity of the HAX1‑3'‑UTR (Fig. 4B; P<0.01), but did not 
affect HAX1‑3'‑UTR mut (Fig. 4B), whereas miR‑223 mimics 
only slightly altered the luciferase activity of HAX1‑3'‑UTR 
(Fig. 4C). This indicated that the binding capacity of miR‑125a 
to HAX1‑3'‑UTR was stronger compared with miR‑223, thus 
miR‑125a was seen as the target gene and investigated in 
subsequent experiments.

HAX1 reverses the effects of miR‑125a‑5p on the viability, 
migration, invasion and colony formation of SK‑Hep1 cells. 
RT‑qPCR results revealed that miR‑125a mimics significantly 

promoted miR‑125a expression in SK‑Hep1 cells (Fig. 5A; 
P<0.01) but did not affect miR‑223 expression (Fig.  5A). 
miR‑125a inhibitor significantly inhibited miR‑125a expres-
sion in SNU‑387 cells (Fig. 5B; P<0.01) but exerted no effects 
on miR‑223 expression (Fig. 5B). Compared with mimic NC, 
miR‑125a mimics inhibited the cell viability of SK‑Hep1 cells 
at 24 (Fig. 5C; P<0.05) and 48 h (Fig. 5C, P<0.01). However, 
the effects were reversed by HAX1 overexpression (Fig. 5C; 
P<0.05 or P<0.01). miR‑125a inhibitor promoted the cell 
viability of SNU‑387 cells at 24 and 48 h (Fig. 5C; P<0.01), but 
the effect was reversed by HAX1 silencing (Fig. 5C; P<0.01). 
Compared with the mimics NC group, miR‑125a mimics 
significantly inhibited cell migration (Fig. 6A; P<0.01), inva-
sion (Fig. 6C; P<0.01) and colony formation (Fig. 6E; P<0.01), 
which were significantly reversed by HAX1 overexpression 
(Fig. 6A, C and E; P<0.01). miR‑125a inhibitor significantly 
increased cell migration (Fig. 6B; P<0.01), invasion (Fig. 6D; 
P<0.01) and colony formation (Fig. 6F; P<0.01) compared 
with the inhibitor NC groups. However, these effects were 
significantly reversed by HAX1 silencing (Fig. 6B, D and F; 
P<0.01).

HAX1 reverses the effects of miR‑125a‑5p on cell apoptosis. 
The effects of miR‑125a‑5p on cell apoptosis was detected 
using flow cytometry. Compared with the mimics NC group, 
the results showed that miR‑125a‑5p overexpression signifi-
cantly increased the apoptosis of the SK‑Hep1 cells, which 
was partially reserved by HAX1 overexpression (Fig. 7A; 
P<0.01). The apoptosis of SNU‑387 cells was decreased in 
the miR‑125a‑5p inhibitor group compared with the inhibitor 
NC group (Fig. 7B; P<0.01), and silencing HAX1 signifi-
cantly increased the apoptosis in the miR‑125a‑5p inhibitor + 

Figure 7. HAX1 reverses the effects of miR‑125a on the apoptosis of SK‑Hep1 and SNU‑387 cells. Apoptosis of (A) SK‑Hep1 was detected by Annexin V and PI 
staining on flow cytometry. **P<0.01 vs. mimic NC. ##P<0.01 vs. miR‑125a mimics. ̂ ^P<0.01 vs. mimics NC + HAX1. (B) Apoptosis of SNU‑387 was detected by 
Annexin V and PI staining on flow cytometry. **P<0.01 vs. inhibitor NC. ##P<0.01 vs. miR‑125a inhibitor. ^^P<0.01 vs. inhibitor NC + siHAX1. Data are shown 
as the mean ± standard deviation. HAX1, hematopoietic‑substrate‑1‑associated protein X‑1; miR, microRNA; si, small interfering RNA; NC, negative control.
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Figure 8. HAX1 reverses the effects of miR‑125a‑5p on the expression of p53, VEGF, and E‑cadherin, N‑cadherin, and vimentin in SK‑Hep1 and SNU‑387 
cells. (A) The protein expression of HAX1, p53, E‑cadherin, VEGF, N‑cadherin and vimentin in SK‑Hep1 cells transfected with miR‑125a mimics or HAX1 or 
co‑transfected with miR‑125a mimics and HAX1 were determined by western blotting. (B) Quantification of HAX1, p53 and E‑cadherin protein expression. 
(C) The mRNA expression of HAX1, p53 and E‑cadherin in SK‑Hep1 cells transfected with miR‑125a mimics or HAX1 or co‑transfected with miR‑125a 
mimics and HAX1 were detected by RT‑qPCR. (D) Quantification of VEGF, N‑cadherin and vimentin protein expression. (E) The mRNA expression of 
VEGF, N‑cadherin and vimentin in SK‑Hep1 cells transfected with miR‑125a mimics or HAX1 or co‑transfected with miR‑125a mimics and HAX1 were 
detected by RT‑qPCR. **P<0.01 vs. mimics NC. ##P<0.01 vs. miR‑125a mimics. ^P<0.05 and ^^P<0.01 vs. mimics NC + HAX1. (F) The protein expression of 
HAX1, p53, E‑cadherin, VEGF, N‑cadherin and vimentin in SNU‑387 cells transfected with miR‑125a inhibitor or siHAX1 or co‑transfected with miR‑125a 
inhibitor and siHAX1 were determined by western blotting. (G) Quantification of HAX1, p53 and E‑cadherin protein expression. (H) The mRNA expression 
of HAX1, p53 and E‑cadherin in SNU‑387 cells transfected with miR‑125a inhibitor or siHAX1 or co‑transfected with miR‑125a inhibitor and siHAX1 
were determined by RT‑qPCR. (I) Quantification of VEGF, N‑cadherin and vimentin protein expression (J) The mRNA expression of VEGF, N‑cadherin 
and vimentin in SNU‑387 cells transfected with miR‑125a inhibitor or siHAX1 or co‑transfected with miR‑125a inhibitor and siHAX1 were determined by 
RT‑qPCR. GAPDH was used as an internal control. **P<0.01 vs. inhibitor NC. ##P<0.01 vs. miR‑125a inhibitor. ^^P<0.01 vs. inhibitor NC + siHAX1. Data are 
shown as the mean ± standard deviation. HAX1, hematopoietic‑substrate‑1‑associated protein X‑1; miR, microRNA; si, small interfering RNA NC, negative 
control; RT‑qPCR, reverse transcription‑quantitative PCR.
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siHAX1 group compared with the miR‑125a‑5p inhibitor 
group (Fig. 7B; P<0.01).

HAX1 reverses the effects of miR‑125a‑5p on the expres‑
sion of p53, VEGF, E‑cadherin, N‑cadherin and vimentin 
in SK‑Hep1 and SNU‑387 cells. As shown in Fig.  8A‑E, 
compared with the mimic NC group, miR‑125a‑5p overex-
pression significantly suppressed the protein and mRNA 
expression of HAX1 (P<0.01), VEGF (P<0.01), N‑cadherin 
(P<0.01) and vimentin (P<0.01), and increased the protein and 
mRNA expression of p53 (P<0.01) and E‑cadherin (P<0.01) 
in SK‑Hep1 cells. However, these effects were significantly 
reversed by HAX1 overexpression (P<0.01). As shown in 
Fig. 8F‑J, miR‑125a‑5p silencing significantly increased the 
protein and mRNA levels of HAX1 (P<0.01), VEGF (P<0.01), 
N‑cadherin (P<0.01) and vimentin (P<0.01), and decreased 
the protein and mRNA levels of p53 (P<0.01) and E‑cadherin 
(P<0.01) in SNU‑387 cells. However, the effects were signifi-
cantly reversed by downregulation of HAX1 (P<0.01).

Discussion

HAX1 is a prognostic factor and is abnormally expressed in 
several types of cancer (31‑33). Similar to previous results (34), 
the present data suggested that high HAX1 expression was 
associated with poorer prognosis in the liver cancer tissues 
and cell lines examined. The data demonstrated that HAX1 
might be an oncogene for liver cancer progression and have 
diagnostic and prognostic values for liver cancer.

Tumor cell migration refers to directed cell movement 
within the body, while cancer invasion is the penetration 
of tumor cells through tissue barriers  (35). The migration 
and invasion of cancer cells into surrounding tissues and 
vasculatures are important factors for initiating cancer metas-
tasis (36). Tumor metastasis will result in less desired treatment 
outcomes of patients with liver cancer (37). The present data 
suggested that upregulated HAX1 expression promoted the 
growth, migration and invasion of liver cancer cells, whereas 
HAX1 knockdown produced the opposite effects, which were 
in accordance with the results of previous studies (17,34). The 
present data further confirmed that HAX1 is a tumor onco-
gene of liver cancer development and might be an underlying 
target for the treatment of liver cancer.

The upstream target of HAX1 in the progression of liver 
cancer was examined. Different miRNAs may participate in the 
control of a same mRNA molecule (38). Bioinformatics analysis 
predicted that both miR‑125a‑5p and miR‑223‑3p could bind 
to HAX1. However, the results of the dual‑luciferase reporter 
assay revealed that only miR‑125a‑5p can bind to HAX1, which 
verified that HAX1 was the target of miR‑125a‑5p. Several 
reports demonstrated that miR‑125a‑5p functions as a tumor 
suppressor in different cancers by downregulating the expres-
sion of its downstream target (39‑42). In prostate carcinoma, 
Fu and Cao (43) indicated that miR‑125a‑5p modulates cancer 
cell proliferation and migration via targeting nuclear apop-
tosis‑inducing factor 1. Tang et al (44) reported that miR‑125a‑5p 
suppresses EMT, invasion and migration of colorectal cancer 
cells via targeting transcriptional activator with PDZ‑binding 
domain. In human cervical carcinoma, Qin et al (45) suggested 
that miR‑125a‑5p regulates the proliferation and migration of 

human cervical carcinoma cells by targeting tyrosine‑protein 
kinase ABL2. To the best of our knowledge, the present study 
was the first to report that upregulated miR‑125a‑5p suppressed 
cell growth, migration and invasion of SK‑Hep1 cells through 
inhibiting HAX1 expression, whereas downregulated 
miR‑125a‑5p produced the opposite results in SNU‑387 cells 
through promoting HAX1 expression. These novel findings 
extended our previous understanding on liver cancer. In addi-
tion, Potenza et al (46) found that upregulation of miR‑125a 
suppressed the proliferation of liver cancer cells by inhibition 
of sirtuin‑7, which is a NAD(+)‑dependent deacetylase, and 
induced cell cycle arrest in the G1 phase; Kim et al (47) also 
found that ectopic expression of miR‑125a‑5p and miR‑125b 
caused growth retardation by cell cycle arrest. However, the 
effect of miR‑125a/HAX1 on THE cell cycle of liver cancer 
was not detected in the current study.

p53 is a tumor suppressor that suppresses VEGF expression, 
tumor growth and metastasis (48). Zhou et al (49) demonstrated 
that miR‑141‑3p promoted glioma cell growth via targeting p53. 
VEGF is considered as a potent angiogenic mitogen and able 
to induce tumor angiogenesis (50). Angiogenesis is a process 
of developing and forming new blood vessels, and plays an 
important role in tumor growth and metastasis (51). In laryn-
geal cancer, Zhang et al (52) demonstrated that downregulated 
miR‑206 promoted the proliferation and invasion of cancer cells 
by modulating VEGF expression. Wu et al (53) suggested that 
miR‑125 suppressed cell growth of RKO colorectal cancer cells 
via targeting VEGF. It was reported that the EMT process is 
involved in the migration and invasion of cancer cells and plays 
a critical role in cancer metastasis (54,55). Decreased E‑cadherin 
expression and increased N‑cadherin expression are indicative of 
EMT (56). Vimentin, an EMT marker, is widely found in normal 
mesenchymal cells and maintains cellular integrity (57). The 
expression of p53, VEGF, E‑cadherin, N‑cadherin and vimentin 
were detected to assess the mechanism underlying the effects of 
miR‑125a‑5p on cell growth, migration and invasion via targeting 
HAX1. The present findings showed that miR‑125a‑5p overex-
pression increased the expression of p53 and E‑cadherin, and 
suppressed the expression of VEGF, N‑Cadherin, and Vimentin 
in SK‑Hep1 cells via inhibiting HAX1 expression, while down-
regulated miR‑125a‑5p produced the opposite effects in SNU‑387 
cells via promoting HAX1 expression. The results suggested 
that miR‑125a‑5p regulated cell growth, migration and invasion 
via directly targeting HAX1, which might be dependent on the 
regulation of p53 and VEGF expression and the EMT process.

The present results revealed the effects and the underlying 
molecular mechanism of HAX1 on liver cancer progres-
sion. However, the present study also has some limitations. 
Although the present findings developed the current under-
standing the pathogenesis of liver cancer and discovered a 
novel target for the treatment of liver cancer, the function of 
the miR‑125a/HAX1 axis should be further verified in vivo. 
Moreover, whether mir‑125a/HAX1 can affect the role of 
hepatocellular carcinoma drugs by regulating certain signaling 
pathways remain to be determined.

Taken together, HAX1 acts as a tumor oncogene in liver 
cancer. miR‑125a‑5p regulated the viability, colony formation, 
migration and invasion of liver cancer cells by negatively 
regulating HAX1 expression. The process also involves the 
expression of p53, VEGF and EMT.
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