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Abstract. Liver cancer is one of the most common and 
aggressive tumors, and usually leads to a poor clinical outcome. 
Increasing evidence has demonstrated the important functions 
of microRNAs (miRs) in tumor progression. miR‑574‑3p has 
been reported as a tumor suppressor and potential therapeutic 
target in various types of cancer. However, the underlying 
mechanism of the effects of miR‑574‑3p in liver cancer remains 
unknown. In the present study, reverse transcription‑quantitative 
PCR was performed to detect miR‑574‑3p expression in liver 
cancer tissues, and the influence of miR‑574‑3p on cell growth 
was evaluated using the Cell Counting Kit‑8 assay, and cell 
migration and flow cytometry analyses. The present study 
revealed that miR‑574‑3p expression was downregulated in 
liver cancer tissues and cell lines. miR‑574‑3p overexpression, 
achieved by transfecting miR‑574‑3p mimics into liver cancer 
cells, reduced cell proliferation and migration, and promoted 
cell apoptosis. Mechanistically, ADAM metallopeptidase 
domain 28 (ADAM28) was identified as a miR‑574‑3p target 
via binding to the 3'‑untranslated region of the ADAM28 
mRNA. Gain‑of‑function of miR‑574‑3p downregulated 
the expression levels of ADAM28 in liver cancer cells. 
Additionally, overexpression of ADAM28 significantly 
attenuated the suppressive effect of miR‑574‑3p on the growth 
of liver cancer cells. The present results provide novel insights 
into the function of the miR‑574‑3p/ADAM28 signaling 
pathway in liver cancer.

Introduction

Liver cancer is one of the most common malignancies and 
has been a leading cause of cancer‑associated mortality 

worldwide (1,2). Currently, surgical resection combined with 
chemotherapy, radiotherapy, liver implant and intervention 
remains the major therapeutic strategy for patients with liver 
cancer  (3). Although notable progress has been made in 
the diagnosis and treatment of this disease, the outcome of 
patients with liver cancer remains poor due to metastasis and 
recurrence (4,5). Therefore, the identification of novel factors 
involved in the development of liver cancer is required to 
improve the prognosis of patients with this disease.

MicroRNAs (miRNAs/miRs) are a class of non‑coding 
single‑stranded RNAs consisting of 19‑25  nucleotides 
that negatively regulate gene expression  (6‑8). miRNAs 
bind the 3'‑untranslated region (UTR) of target mRNAs, 
leading to translation inhibition or mRNA degradation (9). 
Bioinformatics analysis has indicated that the expression of 
up to 30% of human genes is regulated by miRNAs, which 
is consistent with the increasing involvement of miRNAs in a 
wide range of biological processes, such as cell proliferation, 
differentiation and apoptosis  (10). Notably, accumulating 
evidence has demonstrated the key roles of miRNAs in the 
progression of liver cancer by acting as tumor suppressors 
or oncogenes  (11). For example, miR‑548b suppresses the 
proliferation and invasion of liver cancer cells by targeting 
specificity protein 1 (12). Previous studies have revealed that 
miR‑574‑3p acts as a tumor suppressor in numerous types of 
cancer (13‑17), such as esophageal squamous cell carcinoma 
(ESCC), in which miR‑574‑3p is downregulated and may 
be a predictor of the postoperative outcome of patients with 
ESCC (13). Next generation sequencing data has indicated 
that miR‑574‑3p is a promising prognostic marker for patients 
with breast cancer (17). Additionally, miR‑574‑3p expression 
is downregulated in prostate cancer tissues and inhibits 
tumorigenesis (14). Previous studies have revealed that the 
dysregulation of serum miR‑574‑3p in patients with liver 
cancer serves as an important biomarker for the diagnosis of 
liver cancer (18,19). However, to the best of our knowledge, 
the function of miR‑574‑3p in liver cancer has not been fully 
explored.

The ADAM metallopeptidases (ADAMs) are characterized 
by sequence similarity to the reprolysin family of snake venom 
endopeptidases, which share the metalloproteinase domain 
with matrix metalloproteinases  (20). Increasing evidence 
has demonstrated that ADAM proteins serve important roles 
in multiple biological processes, such as cell proliferation, 
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migration and adhesion (21). The critical function of ADAMs 
in human diseases, particularly cancer, has been illustrated 
by a previous study  (22). ADAM domain  28 (ADAM28) 
is a member of the ADAMs family that is overexpressed 
in numerous types of cancer, including breast cancer, lung 
cancer and acute myeloid leukemia (23‑25). Mechanistically, 
ADAM28 promotes tumorigenesis by cleaving molecules 
involved in cancer metastasis, such as connective tissue 
growth factor, insulin‑like growth factor binding protein‑3 
and von Willebrand's factor (26). However, the involvement of 
ADAM28 in liver cancer has not been fully established.

In the present study, miR‑574‑3p expression in liver 
cancer tissues and cell lines was analyzed to reveal the role 
of miR‑574‑3p in the progression of liver cancer. Additionally, 
the effects of miR‑574‑3p on the growth of liver cancer cells 
and its potential downstream targets were explored.

Materials and methods

Clinical samples. Liver cancer tissues and paired adjacent 
normal tissues (~5 cm from the margin of the tumor tissues) were 
collected by surgical resection from 50 patients diagnosed at 
Luoyang Central Hospital Affiliated to Zhengzhou University 
(Luoyang, China) between May  2013 and October  2014. 
Patients who received radiotherapy or chemotherapy before 
surgery were excluded. Tissues were frozen in liquid nitrogen 
prior to the experiments. The pathological characteristics of 
patients with liver cancer enrolled in the present study are 
provided in Table SI. The present study was approved by the 
Ethics Committee of Luoyang Central Hospital Affiliated 
to Zhengzhou University and performed according to the 
Declaration of Helsinki. Written informed consent was 
obtained from all participants enrolled in the present study.

Cell culture and transfection. Liver cancer cell lines, including 
HepG2, Huh7 and Hep3B were obtained from The Cell Bank of 
Type Culture Collection of the Chinese Academy of Sciences. 
The immortalized normal liver THLE‑3 epithelial cell line was 
purchased from the American Type Culture Collection. Cells 
were cultured in DMEM supplemented with 10% FBS (both 
Gibco; Thermo Fisher Scientific, Inc.), 100 µg/ml streptomycin 
and 100 U/ml penicillin (Sigma‑Aldrich; Merck KGaA). Cells 
were cultured at 37̊C with 5% CO2.

The miR‑574‑3p mimics (5'‑CAC​GCU​CAU​GCA​CAC​
ACC​CAC​A‑3') and negative control miRNA (5'‑GUU​CGU​
ACG​UAC​ACU​GUU​CA‑3') were purchased from Guangzhou 
RiboBio Co., Ltd. The ADAM28 expression plasmid was 
constructed by inserting the full cDNA sequence of ADAM28 
into the backbone of a pcDNA 3.1+ vector (Addgene, Inc.). 
When the cell confluence reached 70‑80%, miRNAs (50 nM) 
or pcDNA‑ADAM28 (0.5 µg) were transfected into cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Cells were 
harvested after 48 h of transfection for further analysis.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from tissues or cells 
using the TRIzol® reagent at room temperature (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. RT was performed using the Revert Aid First Strand 

cDNA synthesis kit (Thermo Fisher Scientific, Inc.) with a 
temperature protocol of 25̊C for 5 min, followed by 42̊C for 
60 min and 70̊C for 5 min. RT‑qPCR was performed with the 
All‑in‑One™ miRNA qRT‑PCR detection kit (GeneCopoeia, 
Inc.) to detect the levels of miR‑574‑3p. The expression levels 
of ADAM28 were quantified using the SYBR Premix Ex 
Taq II (Takara Biotechnology Co., Ltd.). The thermocycling 
conditions were: 95̊C for 1 min, followed by 40 cycles at 95̊C 
for 10 sec, 58̊C for 30 sec and 72̊C for 30 sec. miR‑574‑3p 
expression was normalized to U6 RNA, while ADAM28 
expression was normalized to GAPDH. The primers used in 
the present study were: miR‑574‑3p forward, 5'‑ATC​GGA​AGT​
TGA​GTG​AGC​CGC​GTC‑3' and reverse, 5'‑GCC​GTG​AGT​
CAG​GAG​TGG​T‑3'; U6 forward, 5'‑GCT​TCG​GCA​GCA​CAT​
ATA​CTA​AAA​T‑3' and reverse, 5'‑CGC​TTC​AGA​ATT​TGC​
GTG​TCA​T‑3'; ADAM28 forward, 5'‑GTA​AAA​GAG​AGA​
CCC​AAG​AGC​CAG‑3' and reverse, 5'‑GTA​GTC​CTT​GAC​
AGG​TGC​TGA​TG‑3'; GAPDH forward, 5'‑CAC​CTG​CGC​
TGT​GTG​GAC​T‑3' and reverse, 5'‑GGA​TGG​CTG​ATG​TGT​
CGG​GTG​G‑3'. The relative expression levels of miR‑574‑3p 
were determined using the 2‑ΔΔCq method  (27). The ratio 
(R=RQCancer/RQNormal; RQ, relative quantification) between 
the relative expression levels of miR‑574‑3p and ADAM28 
in liver cancer and adjacent normal tissues was calculated. 
Expression was considered to be downregulated when R<0.7 
and upregulated when R>1.3 (28).

Luciferase reporter assay. The wild‑type (WT) or mutant 
(Mut) 3'‑UTR sequences of ADAM28 containing the potential 
seeding region of miR‑574‑3p were inserted into the pmirGLO 
vector (Promega Corporation). Cells (5,000  cells/well) 
were seeded into a 96‑well plate and co‑transfected with 
pmirGLO‑UTR‑WT or pmirGLO‑UTR‑Mut with miR‑574‑3p 
mimics or control miRNA using Lipofectamine®  2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Following 48 h of 
transfection, cells were harvested and the luciferase activity 
was detected using a Dual‑luciferase Reporter assay kit 
(Promega Corporation) with an iMark Fluorometer Microplate 
Reader (Bio‑Rad Laboratories, Inc.). Renilla luciferase activity 
was detected for normalization. The assay was performed with 
three independent repeats.

Cell Counting Kit‑8 (CCK‑8) assay. A total of 2x103 cells/well 
expressing miR‑574‑3p mimics or control miRNA were seeded 
into a 96‑well plate. Cell proliferation was evaluated after 1, 2, 
3, 4 and 5 days using the CCK‑8 assay (Dojindo Molecular 
Technologies, Inc.) according to the manufacturer's protocol. 
Briefly, 10 µl CCK‑8 solution was added to the medium and 
incubated at 37̊C for 3 h. The absorbance of each well was 
measured at 450 nm using the EnSpire 2300 Multilabel Reader 
(PerkinElmer, Inc.).

Target prediction. The potential targets of miR‑574‑3p were 
predicted using miRDB (http://mirdb.org/; version 6.0) and 
TargetScan (http://www.targetscan.org/vert_72/; release 
no. 7.2) by inputting the name of the miRNA as ‘miR‑574‑3p’.

Western blotting. Proteins were extracted from cells using 
RIPA buffer containing protease inhibitor (Beyotime Institute 
of Biotechnology). The protein concentration was determined 
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using a bicinchoninic acid protein assay kit (Beyotime Institute 
of Biotechnology). An equal amount of protein (20 µg/lane) 
was separated by 15% SDS‑PAGE and transferred onto PVDF 
membranes (EMD Millipore). The membranes were blocked 
with 5% skimmed milk in TBS buffer at room temperature for 
1 h, followed by incubation with ADAM28 (cat. no. sc‑393877; 
Santa Cruz Biotechnology, Inc.) and GAPDH (cat. no. ab9485; 
Abcam) primary antibodies (both 1:1,000 dilution) over-
night at 4̊C. After three washes with TBS‑Tween-20 (0.1%), 
the membranes were incubated with goat anti‑mouse 
(cat.  no.  170‑6516) or goat anti‑rabbit (cat.  no.  170‑6515) 
IgG (H+L)‑horseradish peroxidase‑conjugated secondary 
antibodies (both 1:5,000 dilution; Bio‑Rad Laboratories, Inc.) 
for 2 h at room temperature. The bands were visualized using 
the Enhanced Chemiluminescence Detection reagent (Pierce; 
Thermo Fisher Scientific, Inc.).

Cell migration. The migration of liver cancer cells was 
determined using Transwell chambers (8‑µm pore size; 
Corning Inc.) following the manufacturer's protocol. A 
total of 5x104 cells transfected with miR‑574‑3p mimics or 
miR‑NC were seeded into the upper chamber containing 
200 µl medium without serum. Medium supplemented with 
10% FBS was added into the lower chamber and served as the 
chemoattractant. After incubation for 24 h at 37̊C, cells in the 
upper chamber were removed using a cell scraper and those 
attached to the lower surface of the membrane were fixed 
with 4% paraformaldehyde at room temperature for 10 min. 
Subsequently cells were stained with 0.1% crystal violet 
(Beyotime Institute of Biotechnology) for 15 min at room 
temperature and counted using an inverted light microscope 
(magnification, x100).

Cell apoptosis. Apoptosis of liver cancer cells was determined 
using the FITC Annexin V Apoptosis Detection kit (Beijing 4A 
Biotech Co., Ltd.) according to the manufacturer's protocol. 
Briefly, 1x106 cells/well were transfected with miR‑574‑3p 
mimics or control miRNA, collected after 48 h of transfection 
and washed twice with PBS. Cells were resuspended with 

binding buffer and stained with Annexin V‑FITC for 
15 min at room temperature in the dark. Subsequently, cells 
were incubated with propidium iodide for 5 min at room 
temperature. Apoptosis was analyzed using a FACScan flow 
cytometer (BD Biosciences) and the data (both early and late 
apoptosis) were analyzed using the Cellquest software v10.6.4 
(BD Biosciences).

Statistical analysis. Data are presented as the mean ± SD 
from three independent experiments. Statistical analysis was 
performed using SPSS v16.0 (SPSS, Inc.). Paired Student's t‑test 
was used to determine the significance between adjacent and 
cancer tissues. Unpaired Student's t‑test was used for analyzing 
differences between miRNAs and miR mimics, and between 
pcDNA‑vector and pcDNA‑ADAM28  groups. One‑way 
ANOVA followed by Tukey's post hoc test was used for the 
statistical analysis of differences among multiple groups. The 
correlation between the expression levels of miR‑574‑3p and 
ADAM28 was analyzed using Spearman's correlation test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑574‑3p expression is downregulated in liver cancer. To 
investigate miR‑574‑3p expression in liver cancer, the expres-
sion levels of miR‑574‑3p in 50 paired cancer and adjacent 
normal tissues were detected via RT‑qPCR. The data indicated 
that miR‑574‑3p expression was significantly downregulated in 
cancer tissues compared with in non‑tumor tissues (Fig. 1A). 
Accordingly, miR‑574‑3p expression was downregulated in 
the liver cancer HepG2, Huh7 and Hep3B cell lines compared 
with in the immortalized normal liver THLE‑3  cell line 
(Fig. 1B). The present data indicate that miR‑574‑3p expression 
is downregulated in liver cancer.

Overexpression of miR‑574‑3p inhibits the proliferation of 
liver cancer cells. To characterize the effect of miR‑574‑3p 
in liver cancer, miR‑574‑3p was overexpressed by transfecting 

Figure 1. miR‑574‑3p expression is downregulated in liver cancer. (A) miR‑574‑3p expression in paired liver cancer and adjacent normal tissues detected by 
RT‑qPCR. (B) miR‑574‑3p expression in liver cancer cell lines, including HepG2, Huh7 and Hep3B, and in the immortalized normal liver THLE‑3 cell line 
measured by RT‑qPCR. **P<0.01; ***P<0.001 vs. THLE‑3 cells. miR, microRNA; OD450, optical density at 450 nm; RT‑qPCR, reverse transcription‑quantitative 
PCR; RQ, relative quantification.
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miR‑574‑3p mimics into HepG2 and Huh7  cells. The 
transfection efficiency was analyzed using an RT‑qPCR assay 
(Fig.  2A). The effects of miR‑574‑3p on the proliferation 
of cancer cells were determined using the CCK‑8 assay. 
As indicated in Fig. 2B and C, miR‑574‑3p overexpression 
significantly suppressed the proliferation of both HepG2 and 
Huh7 cells after 4 and 5 days. Additionally, the suppressive 
effect of miR‑574‑3p in liver cancer was investigated by 
evaluating the impact of miR‑574‑3p on cell migration. The 
present results revealed that transfection of miR‑574‑3p 
inhibited the migratory capacity of HepG2 and Huh7 cells 
(Fig. 2D). Additionally, the flow cytometry analysis indicated 
that transfection with miR‑574‑3p mimics significantly 
increased apoptosis of both HepG2 and Huh7 cells (Fig. 2E). 
The present results suggest that miR‑574‑3p overexpression 
inhibits the malignant abilities of liver cancer cells, indicating 

a suppressive role of miR‑574‑3p in the tumorigenesis of liver 
cancer.

ADAM28 is a target of miR‑574‑3p in liver cancer. To further 
understand the functional mechanism of miR‑574‑3p in 
liver cancer, potential targets of miR‑574‑3p were predicted. 
The bioinformatics analysis suggested that ADAM28 was 
a putative target of miR‑574‑3p. The potential binding site 
of miR‑574‑3p at the 3'‑UTR of ADAM28 is presented in 
Fig. 3A. To validate the binding between miR‑574‑3p and 
the 3'‑UTR of ADAM28, a luciferase reporter assay was 
performed by co‑transfecting luciferase vectors expressing a 
WT or Mut 3'‑UTR of ADAM28, and a miR‑574‑3p mimic. 
miR‑574‑3p overexpression significantly decreased the lucif-
erase activity of cells carrying the WT but not the Mut 3'‑UTR 
of ADAM28 (Fig. 3B and C). To illustrate whether the binding 

Figure 2. Overexpression of miR‑574‑3p inhibits the growth of liver cancer cells. (A) miR‑574‑3p expression measured by reverse transcription‑quantitative 
PCR after liver cancer cells were transfected with miR‑574‑3p mimics or corresponding controls. Cell Counting Kit‑8 assay indicating the proliferation of 
(B) HepG2 and (C) Huh7 cells transfected with miR‑574‑3p mimics or control miRNA. (D) Overexpression of miR‑574‑3p inhibited the migration of liver 
cancer cells. (E) Transfection of miR‑574‑3p mimics increased the apoptosis of Huh7 and HepG2 cells. *P<0.05; **P<0.01; ***P<0.001 vs. control miRNA. 
OD, optical density; miRNA/miR, microRNA; OD450, optical density at 450 nm; PI, propidium iodide; FITC, fluorescein isothiocyanate.RETRACTED
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of miR‑574‑3p affected the stability of ADAM28 mRNA, 
RT‑qPCR was performed in liver cancer cells expressing the 
miR‑574‑3p mimic or the control miRNA. The results revealed 
that miR‑574‑3p overexpression significantly decreased 
the mRNA expression levels of ADAM28 in both HepG2 
and Huh7 cells (Fig. 3D). Similarly, the protein expression 
levels of ADAM28 were decreased by miR‑574‑3p transfec-
tion (Fig. 3E). The present results suggest that ADAM28 is 
a target of miR‑574‑3p and that it is negatively regulated by 
miR‑574‑3p in liver cancer.

miR‑574‑3p expression is inversely correlated with ADAM28 
expression in liver cancer. Since miR‑574‑3p negatively 
regulated ADAM28 expression in liver cancer cells, the 
abundance of ADAM28 in liver cancer tissues was evaluated 
by RT‑qPCR. As indicated in Fig. 4A, ADAM28 expression 
was significantly upregulated in cancer tissues compared 

with in matched adjacent normal tissues. The correlation 
between miR‑574‑3p and ADAM28 expression was analyzed 
by Spearman's correlation test. The data revealed that the 
expression levels of miR‑574‑3p were inversely correlated with 
those of ADAM28 in cancer tissues (Fig. 4B). Additionally, 
the mRNA expression levels of ADAM28 in liver cancer cell 
lines were detected by RT‑qPCR. The results revealed that 
ADAM28 expression was significantly upregulated in liver 
cancer cells compared with in the immortalized normal liver 
THLE‑3 cell line (Fig. 4C). The present findings suggest that 
ADAM28 expression is upregulated in liver cancer.

Recovered ADAM28 expression reverses the inhibitory effect 
of miR‑574‑3p in liver cancer cells. To confirm the involvement 
of ADAM28 in the anticancer activity of miR‑574‑3p in liver 
cancer cells, HepG2 and Huh7 cells were transfected with 
the pcDNA‑ADAM28 plasmid. ADAM28 overexpression 

Figure 3. ADAM28 is a target of miR‑574‑3p in liver cancer. (A) Putative miR‑574‑3p binding sequence in the 3'‑UTR of ADAM28 predicted using the miRDB 
database. Relative luciferase activity of (B) HepG2 and (C) Huh7 cells co‑transfected with miR‑574‑3p mimics with wild‑type or mutant 3'‑UTR of ADAM28. 
ADAM28 expression measured by (D) reverse transcription‑quantitative PCR and (E) western blot analysis after transfection with miR‑574‑3p mimics. 
***P<0.001 vs. control miRNA. UTR, untranslated region; ADAM28, ADAM metallopeptidase domain 28; miRNA/miR, microRNA.RETRACTED
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was analyzed by RT‑qPCR and western blot analysis, 
respectively (Fig. 5A and B). Functional analysis revealed 
that overexpression of ADAM28 significantly attenuated the 
inhibitory effect of miR‑574‑3p on the proliferation of liver 
cancer cells after 5 days (Fig. 5C and D). The present results 
suggest that the tumor suppressive role of miR‑574‑3p in liver 
cancer is partially mediated by ADAM28 downregulation.

Discussion

Increasing evidence has demonstrated that miRNAs are 
abnormally expressed in liver cancer and regulate cancer 
progression (29,30). Therefore, understanding the mechanisms 
of miRNAs in liver cancer may provide novel targets for the 
treatment of this disease, and may improve the outcome of 
patients with liver cancer. In the present study, the expression 
levels and the functional mechanism of miR‑574‑3p in liver 
cancer were investigated. miR‑574‑3p downregulation was 
observed in liver cancer tissues and cell lines, highlighting the 
potential clinical significance of miR‑574‑3p in liver cancer.

The tumor suppressive function of miR‑574‑3p has been 
reported in several types of cancer, such as ovarian and 
gastric cancer, and osteosarcoma (13,15,18,31‑33). A recent 
study revealed that miR‑574‑3p inhibits the metastasis and 
chemoresistance of epithelial ovarian cancer (32). Circulating 
miR‑574‑3p in the plasma has been proposed as a promising 

biomarker for the prognosis and therapy monitoring of patients 
with head and neck squamous cell cancer (34). miR‑574‑3p 
overexpression induces cell cycle arrest in response to X‑ray 
irradiation by targeting the production of the enhancer of 
rudimentary homolog protein  (35). In the present study, 
miR‑574‑3p was markedly downregulated in liver cancer 
tissues and cell lines. Further studies are required to explore 
the underlying mechanisms that contribute to decreased 
miR‑574‑3p expression in liver cancer. Additionally, to 
strengthen the potential clinical significance of miR‑574‑3p in 
liver cancer, the association between miR‑574‑3p expression 
and the prognosis of patients with liver cancer should 
be investigated using a larger sample size. In the present 
study, miR‑574‑3p transfection inhibited cell proliferation 
and migration, and induced apoptosis of liver cancer cells, 
suggesting a tumor suppressive role of miR‑574‑3p in liver 
cancer. However, experiments with loss‑of‑function of 
miR‑574‑3p and in vivo assays in mice are required to fully 
characterize the inhibitory effects of miR‑574‑3p on the 
development of liver cancer. Interestingly, some miRNAs, 
such as miR‑23b‑3p, can promote or inhibit tumor progression 
in different types of cancer depending on the alternation of 
downstream targets (36). miR‑574‑3p exerts tumor‑promoting 
effects in osteosarcoma (OS), and miR‑574‑3p overexpression 
promotes the growth of OS cells by targeting SMAD family 
member 4 (31). A recent study revealed that serum miR‑574‑3p 

Figure 4. ADAM28 expression is inversely correlated with that of miR‑574‑3p in liver cancer. (A) ADAM28 expression in paired liver cancer and adjacent 
normal tissues detected by RT‑qPCR. (B) Correlation between the expression levels of miR‑574‑3p and ADAM28 analyzed by Spearman's correlation test. 
(C) ADAM28 expression in liver cancer cell lines and the normal THLE‑3 cell line investigated by RT‑qPCR. ***P<0.001 vs. THLE‑3 cells. RT‑qPCR, reverse 
transcription‑quantitative PCR; ADAM28, ADAM metallopeptidase domain 28; miR, microRNA; RQ, relative quantification.
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expression in patients with liver cancer is higher than that in 
patients with cirrhosis or in healthy controls (18), suggesting 
an oncogenic function of miR‑574‑3p in cancer. It is possible 
that miR‑574‑3p serves promoting or inhibitory roles in 
liver cancer depending on the targeted proteins. It would be 
useful to investigate the expression levels and functions of 
miR‑574‑3p in other types of cancer to confirm the suppressive 
or oncogenic role of miR‑574‑3p in cancer.

Based on the involvement of ADAMs in cancer, ADAMs 
can be regulated by miRNAs to modulate the progression 
of tumorigenesis  (37‑45). A previous study revealed that 
miR‑552 targets ADAM28 in colorectal cancer and enhances 
the metastasis of cancer cells (26). Additionally, ADAM28 
is negatively regulated by miR‑198 in colorectal cancer and 
inhibits cancer cell proliferation (42). In the present study, 
miR‑574‑3p bound the 3'‑UTR of ADAM28 and reduced 
ADAM28 expression in liver cancer cells, suggesting that 
miR‑574‑3p targets ADAM28 and negatively regulates its 
expression. Consistently, the expression levels of ADAM28 
were inversely correlated with those of miR‑574‑3p in liver 
cancer tissues. Overexpression of ADAM28 attenuated the 
inhibitory effect of miR‑574‑3p on the proliferation of liver 
cancer cells. To further validate that miR‑574‑3p suppresses 
the growth of liver cancer cells by targeting ADAM28, it 
would be useful to perform rescue assays by transfecting 

with 3'‑UTR‑mutated ADAM28 to investigate its effects on 
miR‑574‑3p‑mediated proliferation of liver cancer cells.

In conclusion, the present study revealed that miR‑574‑3p 
expression was downregulated in liver cancer tissues. 
Overexpression of miR‑574‑3p inhibited the malignant 
phenotype of liver cancer cells by targeting ADAM28. The 
present results shed light on the critical involvement of the 
miR‑574‑3p/ADAM28 signaling pathway in liver cancer. 
Further studies should explore the therapeutic potential of 
miR‑574‑3p and identify other genome‑wide targets in addition 
to ADAM28.
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