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Abstract. Numerous microRNAs (miRNAs) have been demon-
strated to be downregulated or upregulated in hepatocellular 
carcinoma (HCC) and play important roles in its occurrence 
and development. Therefore, the investigation of miRNAs and 
their functions implicated in the genesis and development of 
HCC may provide key clues for the identification of effective 
therapeutic approaches for patients with this disease. The aims 
of the present study were to detect miRNA‑466 (miR‑466) 
expression in HCC tissues and cell lines and to determine 
its effects on HCC cell proliferation, apoptosis and metas-
tasis, as well as to explore the mechanisms underlying the 
tumor‑suppressing roles of miR‑466 in HCC. In the present 
study, reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) was performed to detect miR‑466 expres-
sion in HCC tissues and cell lines. The effects of miR‑466 
upregulation on HCC cell proliferation, apoptosis, migration 
and invasion were determined using Cell Counting Kit‑8 assay, 
flow cytometry analysis and Transwell chamber assay, respec-
tively. The potential target gene of miR‑466 was predicted 
using bioinformatic analysis, which was further confirmed by 
luciferase reporter assay, RT‑qPCR and western blot analysis. 
It was found that miR‑466 was obviously decreased in HCC 
tissues and cell lines. The results of functional experiments 
revealed that restoration of miR‑466 expression suppressed the 
proliferation, induced apoptosis, and reduced the metastasis of 
HCC cells. In addition, metadherin (MTDH) was identified as 
a direct target of miR‑466 in HCC cells. Furthermore, MTDH 
was upregulated in HCC tissues, which was inversely corre-
lated with the miR‑466 level. Moreover, inhibition of MTDH 
displayed similar tumor‑suppressing roles as miR‑466 upregu-
lation in HCC cells. In addition, MTDH reintroduction restored 
the tumor‑suppressor activity of miR‑466 overexpression in 

HCC cells. These findings suggest that miR‑466 is a potential 
therapeutic tool for HCC therapy.

Introduction

Hepatocellular carcinoma (HCC) ranks as the 5th most 
commonly diagnosed human malignancy and the 3rd leading 
cause of cancer‑related mortalities globally (1). Recently, the 
morbidity and mortality from HCC are gradually increasing, 
particularly in China (2). It is estimated that there will be 
approximately 854,000 cases and 810,000 deaths yearly due 
to HCC worldwide (3). Owing to the asymptomatic nature of 
this disease, the majority of HCC patients are diagnosed late, 
at a time when curative treatments are infeasible (4). Despite 
the great development in the fight against HCC, the long‑term 
survival of patients with HCC remains unsatisfactory with 
a 5‑year survival rate of less than 30% (5). Multiple factors, 
such as hepatitis B or C viral infection, exposure to aflatoxin, 
and excessive drinking, have been implicated in the pathogen-
esis of HCC (6); however, the detailed mechanism remains 
unknown and warrants further study. In this regard, disclosing 
the molecular mechanisms underlying the formation and 
progression of HCC is desperately needed for identifying 
novel therapeutic strategies for patients with this aggressive 
malignant tumor.

MicroRNAs (miRNAs) are a group of highly conserved, 
single stranded, and short RNA molecules, playing signifi-
cant roles in the regulation of gene expression (7). miRNAs 
regulate the expression of genes by complete or incomplete 
base‑pairing with the 3'‑untranslated regions (3'‑UTRs) of 
their target genes, leading to translational suppression and/or 
mRNA degradation (8). To date, more than 2,000 miRNAs 
have been verified in the human genome which may modulate 
the expression of approximately 30% of all the protein‑coding 
genes (9). The deregulation of miRNA expression has been 
validated in almost all human cancer types and was demon-
strated to be closely related with carcinogenesis and cancer 
progression (10‑12). Numerous miRNAs are downregulated 
or upregulated in HCC, such as miR‑21 (13), miR‑493 (14), 
miR‑873  (15) and miR‑3662  (16). Upregulated miRNAs 
usually serve as oncogenes (17,18), whereas lowly expressed 
miRNAs display tumor‑suppressor activity (19,20) in regards 
to HCC initiation and development. Therefore, inhibition or 
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restoration of a specific miRNA might be an effective thera-
peutic technique for HCC treatment.

A variety of miRNAs have been identified to be deregu-
lated in HCC; however, their functions in HCC formation and 
progression and the underlying mechanisms by which this 
occurs remain largely unknown. miR‑466 was previously 
reported to be involved in the development of colorectal (21), 
prostate (22) and cervical (23) cancers. However, the expres-
sion level of miR‑466 in HCC and its actual functions in the 
development of HCC, as well as the associated mechanisms, 
have remained elusive. Therefore, this study aimed to detect 
miR‑466 expression in HCC tissues and cell lines and to 
determine its effects on HCC cell proliferation, apoptosis and 
metastasis, as well as to explore the mechanisms underlying 
the tumor‑suppressive roles of miR‑466 in HCC. The find-
ings of the present study may provide further insight into the 
general mechanisms underlying HCC genesis and development 
and may promote the development of attractive therapeutic 
approaches for HCC.

Materials and methods

Tissue samples. This study was approved by the Ethics 
Committee of The Second Affiliated Hospital of Harbin 
Medical University and written informed consent was 
provided by all patients enrolled in the research. A total of 
32 pairs of HCC tissues and pair‑matched adjacent normal 
tissues were collected from The Second Affiliated Hospital of 
Harbin Medical University. The clinicopathological features of 
the 32 patients [mean age, 57; (range, 45‑70 years); 12 female 
and 20 male patients)] recruited to the study are shown in 
Table I. The collection dates of these tissue specimens were 
from July 2015 to May 2017. None of the patients had received 
chemotherapy or radiotherapy before surgical resection. 
All tissues were stored in liquid nitrogen until further RNA 
isolation.

Cell culture. Two human HCC cell lines (Huh7 and Hep3B) 
and an immortalized normal human liver epithelial cell line 
(L‑O2) were obtained from the Cell Bank of the Chinese 
Academy of Biological Science (Shanghai, China). Dulbecco's 
modified Eagle's medium (DMEM) containing 10% fetal 
bovine serum (FBS), 100 U/ml of penicillin and 100 µg/ml 
of streptomycin (all from Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) was used to culture all cell lines 
mentioned above. All cells were maintained at 37˚C in a 
humidified atmosphere containing 5% CO2.

Cell transfection. miR‑466 mimics and negative control 
miRNA mimics (miR‑NC) were chemically produced by 
RiboBio Co., Ltd. (Guangzhou, China). Specific small inter-
fering RNA (siRNA) targeting the MTDH gene (si‑MTDH) 
and the negative control siRNA (si‑NC) were constructed 
by Guangzhou GeneCopoeia Co., Ltd. (Guangzhou, China). 
MTDH overexpression plasmid (pcDNA3.1‑MTDH) lacking 
the 3'‑UTR and negative control plasmid (pcDNA3.1) were 
purchased from Genepharma Co., Ltd. (Shanghai, China). 
Cells were placed into 6‑well plates, grown to approximately 
70%  confluence, and transfected with miRNA mimics, 
siRNA or plasmid using Lipofectamine 2000 (Invitrogen; 

Thermo  Fisher Scientific, Inc.). Transfected cells were 
incubated at 37˚C under 5% CO2. Reverse transcription‑quan-
titative polymerase chain reaction (RT‑qPCR) was applied to 
determine the transfection efficiency of the miR‑466 mimics 
48 h after transfection. At 72‑h post‑transfection, western blot 
analysis was performed to detect the efficiency of si‑MTDH 
and pcDNA3.1‑MTDH plasmid transfection.

RT‑qPCR. TRIzol® reagent (Thermo Fisher Scientific, Inc.) 
was used to extract total RNA from the tissue specimens and 
cultured cells. The concentration of total RNA was detected 
using a Nanodrop 1000 spectrophotometer (Thermo Fisher 
Scientific, Inc.). To quantify miR‑466 expression, reverse tran-
scription was performed using a TaqMan® MicroRNA Reverse 
Transcription Kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). Subsequently, the synthesized complemen-
tary DNA (cDNA) was subjected to quantitative polymerase 
chain reaction (qPCR) using a TaqMan MicroRNA Assay 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
cycling conditions for qPCR were as follows: 50˚C for 2 min, 
95˚C for 10 min; 40 cycles of denaturation at 95˚C for 15 sec; 
and annealing/extension at 60˚C for 60 sec.

To analyze the MTDH mRNA level, cDNA was produced 
from total RNA using a PrimeScript RT Reagent kit (Takara 
Biotechnology, Co., Ltd., Dalian, China). Afterwards, qPCR 
was carried out using a SYBR Premix Ex Taq™ kit (Takara 
Biotechnology, Co., Ltd.). The cycling conditions for qPCR 
were as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C 
for 30 sec and 65˚C for 45 sec. U6 small nuclear RNA and 
GAPDH served as internal references for miR‑466 and MTDH 
mRNA, respectively. The primers were designed as follows: 
miR‑466, 5'‑ATG​GTT​CGT​GGG​ATA​CAC​ATA​CAC​GCA‑3' 
(forward) and 5'‑GCA​GGG​TCC​GAG​GTA​TTC‑3' (reverse); 
U6, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3' (forward) 
and 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3' (reverse); 
MTDH, 5'‑TGC​TCT​CTC​ACA​GAC​AA‑3' (forward) and 
5'‑TCG​CTC​TGC​AGA​TGA​GAT​AG‑3' (reverse); and GAPDH, 
5'‑CGG​AGT​CAA​CGG​ATT​TGG​TCG​TAT‑3' (forward) and 
5'‑AGC​CTT​CTC​CAT​GGT​GGT​GAA​GAC‑3' (reverse). The 
2‑ΔΔCq method (24) was used to calculate gene expression.

Cell counting Kit‑8 (CCK‑8) assay. Cell proliferation was 
assessed using the CCK‑8 assay in accordance with the 
supplied protocol and instructions. In detail, transfected 
cells were harvested and inoculated into 96‑well plates at a 
density of 3x103 cells/well. Cells were maintained at 37˚C in 
a humidified atmosphere containing 5% CO2. A total of 10 µl 
of CCK‑8 solution (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan) was added into every well at four time 
points (0, 24, 48 and 72 h after inoculation). After incubation 
at 37˚C for another 2 h, the optical density (OD) values were 
measured using a microplate reader (Bio‑Rad Laboratories, 
Hercules, CA, USA) at a wavelength of 490 nm.

Flow cytometry analysis. Cells were collected at 48 h after 
being transfected, and the apoptosis rate was determined 
using an Annexin V fluorescein isothiocyanate (FITC) 
Apoptosis Detection kit (Biolegend, San Diego, CA, USA) 
according to the manufacturer's instruction. Briefly, trans-
fected cells were washed twice with cold phosphate‑buffered 
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saline, suspended in 100 µl of binding buffer, and incubated 
with 5 µl Annexin V‑FITC and 5 µl propidium iodide (PI). 
The cells were then incubated in the dark at room tempera-
ture for 30  min. The rate of apoptosis was assessed by 
FACScan flow cytometry (BD Biosciences, Franklin Lakes, 
NJ, USA).

Transwell chamber assay. The invasive and migratory 
properties of HCC cells were examined using 24‑well 
Transwell plate cell culture inserts (Corning, New York, NY, 
USA) covered with or without Matrigel (BD Biosciences, 
San Jose, CA, USA), respectively. After 48 h of transfection, 
cells were harvested and suspended with FBS‑free DMEM. 
A total of 5x104 transfected cells were plated in the upper 
compartments, and the lower compartments were maintained 
with 500 µl of DMEM that was supplemented with 10% FBS. 
The transfected cells were then cultured for 24 h at 37˚C 
with 5% CO2. Cells remaining on the upper surface of the 
membranes were gently removed by swabbing the top layer. 
The migrated or invaded cells, which were attached to the lower 
surface of the membranes, were fixed with 100% methanol 
and stained with 0.05% crystal violet. The number of migrated 
or invaded cells was counted under an inverted microscope 
(x200 magnification; Olympus Corp., Tokyo, Japan). Five 
randomly selected fields were analyzed for each insert.

Bioinformatic prediction and luciferase reporter assay. 
microRNA.org (www.microrna.org/microrna/) and TargetScan 
(www.targetscan.org) were adopted to search for the puta-
tive targets of miR‑466. MTDH was predicted as a candidate 
for miR‑466. To verify this, luciferase reporter plasmids, 
including psi‑CHECK‑MTDH‑3'‑UTR wild‑type (Wt) and 
psi‑CHECK‑MTDH‑3'‑UTR mutant (Mut), were constructed by 
GenePharma Co., Ltd., and were cotransfected with miR‑466 

mimics or miR‑NC into the cells using Lipofectamine 2000. 
The cotransfection was performed according to the manufactur-
er's instructions. After approximately 48 h of post‑transfection, 
luciferase activities were measured using the Dual‑Luciferase 
Reporter Assay system (Promega Corps, Madison, WI, USA) 
following the manufacturer's protocol. The firefly luciferase 
activities were normalized to the Renilla luciferase activities.

Western blot analysis. Tissue specimens and cells were lysed 
with radioimmunoprecipitation assay buffer (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) containing 0.1 mg/ml 
phenylmethylsulfonyl fluoride, 1 mM sodium orthovanadate 
and 1 mg/ml aprotinin. A BCA Protein Assay kit (Beyotime 
Institute of Biotechnology, Shanghai, China) was then utilized 
to determine the concentration of total protein. An equal amount 
of protein (30 µg) was separated on a 10% sodium dodecyl 
sulfate‑polyacrylamide gel and transferred into polyvinylidene 
difluoride membranes (Bio‑Rad Laboratories). After that, 
the membranes were blocked in Tris‑buffered saline‑Tween 
(TBST) containing 5% non‑fat milk, followed by incubation 
with the primary antibodies at 4˚C overnight. Subsequent to 
washes with TBST thrice, the membranes were probed with 
appropriate horseradish peroxidase‑conjugated secondary 
antibodies (1:5,000 dilution; cat. no. sc‑516102; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA). The protein blots 
were detected by BM Chemiluminescence Western blotting kit 
(Sigma‑Aldrich; Merck KGaA). The primary antibodies used 
in this study included mouse anti‑human monoclonal MTDH 
(1:1,000 dilution; cat. no. sc‑517220; Santa Cruz Biotechnology, 
Inc.) and mouse anti‑human monoclonal GAPDH (1:1,000 
dilution; cat. no. sc‑32233; Santa Cruz Biotechnology, Inc.). 
GAPDH was used as the internal reference. Protein expres-
sion was quantified using Quantity One software version 4.62 
(Bio‑Rad Laboratories, Inc).

Table I. Clinicopathological features of the HCC patients recruited to the study.

Patient no.	 Sex	 Age (years)	 TNM stage	 Patient no.	 Sex	 Age (years)	 TNM stage

  1	 M	 63	 T1N0M0	 17	 M	 61	 T3aN1M0
  2	 F	 69	 T1N0M0	 18	 M	 47	 T1N0M0
  3	 F	 54	 T1N0M0	 19	 M	 55	 T1N0M0
  4	 M	 57	 T1N0M0	 20	 M	 57	 T1N0M0
  5	 M	 62	 T2N0M0	 21	 M	 52	 T1N0M0
  6	 F	 48	 T1N0M0	 22	 M	 65	 T2N0M0
  7	 F	 69	 T2N1M0	 23	 F	 68	 T3aN1M0
  8	 M	 55	 T1N0M0	 24	 M	 50	 T2N1M0
  9	 M	 58	 T3aN1M0	 25	 M	 64	 T1N0M0
10	 F	 62	 T1N0M0	 26	 F	 48	 T1N0M0
11	 M	 50	 T1N0M0	 27	 M	 46	 T1N0M0
12	 F	 51	 T2N1M0	 28	 M	 56	 T2N0M0
13	 M	 64	 T1N0M0	 29	 M	 66	 T1N0M0
14	 F	 70	 T1N0M0	 30	 M	 58	 T1N0M0
15	 F	 49	 T2N0M0	 31	 F	 50	 T1N0M0
16	 M	 45	 T1N0M0	 32	 F	 69	 T2N1M0

HCC, hepatocellular carcinoma; TNM, Tumor, Node, Metastasis; M, male; F, female.
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Statistical analysis. All data are shown as the mean ± standard 
deviation and were subjected to SPSS software version 18 
(SPSS, Inc., Chicago, IL, USA) for statistical analysis. 
Differences between groups were analyzed using Student's 
t‑test, paired Student's t‑test or one‑way ANOVA, followed 
by the Student‑Newman‑Keuls (SNK) multiple comparison 
test. Spearman's correlation analysis was performed between 
miR‑466 and the mRNA levels of MTDH in HCC tissues. 
Differences were defined as statistically significant if P<0.05.

Results

miR‑466 expression is lower in HCC tissues and cell lines. 
miR‑466 has been reported to be aberrantly expressed in 
several types of human malignancies (21‑23). However, the 
expression pattern of miR‑466 in HCC remains unknown. 
First, we detected miR‑466 expression in 32 pairs of HCC 
tissues and pair‑matched adjacent normal tissues. The data of 
RT‑qPCR showed that miR‑466 was lowly expressed in HCC 
tissues in contrast to that noted in the pair‑matched adjacent 
normal tissues (Fig. 1A, P<0.05). In addition, RT‑qPCR was 
performed to assess the miR‑466 expression in HCC cell lines. 
Compared with the miR‑466 expression in an immortalized 
normal human liver epithelial cell line (L‑O2), miR‑466 was 
downregulated in the two HCC cell lines, including Huh7 and 
Hep3B (Fig. 1B, P<0.05).

miR‑466 overexpression inhibits proliferation, facilitates 
apoptosis and decreases the metastasis potential of Huh7 and 
Hep3B cells. Given the downregulation of miR‑466 in HCC, 
we hypothesized that miR‑466 may play tumor suppressive 
roles in the progression of HCC. To confirm this, we trans-
fected miR‑466 mimics or miR‑NC into Huh7 and Hep3B 
cells which possessed much lower miR‑466 levels among 
the two HCC cell lines (data not shown). The expression of 
miR‑466 was successfully overexpressed in Huh7 and Hep3B 
cells by the transfection of miR‑466 mimics (Fig. 2A, P<0.05). 
CCK‑8 assay was conducted to assess the effect of miR‑466 
restoration on cell proliferation in HCC. The results revealed 
that miR‑466 upregulation significantly suppressed the prolif-
eration of Huh7 and Hep3B cells (Fig. 2B, P<0.05). Alterations 
in cell proliferation are mostly related with the change in cell 

apoptosis; therefore, flow cytometric analysis was performed 
to detect the apoptosis rate of Huh7 and Hep3B cells that 
were transfected with the miR‑466 mimics or miR‑NC. It 
was demonstrated that the apoptosis rate of Huh7 and Hep3B 
cells was higher in the miR‑466 overexpression group than 
that in the miR‑NC group (Fig. 2C, P<0.05). We then exam-
ined the possible regulatory role of miR‑466 in the migratory 
and invasive abilities of HCC cells. Transwell chamber assay 
indicated that ectopic miR‑466 expression led to a significant 
suppression of Huh7 and Hep3B cell migration (Fig.  2D, 
P<0.05) and invasion (Fig. 2E, P<0.05). These results suggest 
that miR‑466 may play a suppressive role in the proliferation 
and metastatic activity of HCC cells.

MTDH is a direct target gene of miR‑466 in HCC cells. To 
identify the mechanisms underlying how miR‑466 exerts its 
tumor‑suppressor activity in HCC cells, we used bioinfor-
matic analysis to search for the putative targets of miR‑466. 
Complementary sequences were observed between miR‑466 
and the 3'‑UTR of MTDH (Fig. 3A). MTDH was previously 
reported to be implicated in the oncogenesis and development 
of HCC (25‑32) and was therefore selected for further iden-
tification. Luciferase reporter assay was applied to confirm 
whether MTDH is a bona fide target gene of miR‑466 in HCC 
cells. Fig. 3B illustrates that the restoration of miR‑466 expres-
sion was able to suppress the luciferase activity of the wild‑type 
(Wt) construct of MTDH 3'‑UTR (P<0.05), while modulating 
the miR‑466 level exhibited unaltered luciferase activity 
of mutant (Mut) construct of MTDH 3'‑UTR in Huh7 and 
Hep3B cells. Next, we detected the MTDH expression in HCC 
tissues and explored its possible relationship with miR‑466. 
RT‑qPCR analysis indicated that the mRNA level of MTDH 
was higher in HCC tissues than that in pair‑matched adjacent 
normal tissues (Fig.  3C, P<0.05). Meanwhile, an inverse 
correlation between miR‑466 and MTDH mRNA expression 
was validated in HCC tissues using Spearman's correlation 
analysis (Fig. 3D; r=‑0.6714, P=0.0002). Furthermore, results 
of RT‑qPCR and western blot analysis revealed that miR‑466 
re‑expression decreased the mRNA (Fig. 3E, P<0.05) and 
protein (Fig. 3F, P<0.05) levels of MTDH in Huh7 and Hep3B 
cells. Collectively, our data suggest that MTDH is a direct 
target of miR‑466 in HCC cells.

Figure 1. miR‑466 expression is lower in HCC tissues and cell lines. (A) RT‑qPCR analysis was conducted to determine miR‑466 expression in 32 pairs of 
HCC tissues and pair‑matched adjacent normal tissues. *P<0.05 vs. adjacent normal tissues. (B) The expression level of miR‑466 in two human HCC cell lines 
(Huh7 and Hep3B) and an immortalized normal human liver epithelial cell (L‑O2) was detected using RT‑qPCR. *P<0.05 vs. L‑O2 cells. HCC, hepatocellular 
carcinoma.
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Inhibition of MTDH displays similar tumor‑suppressing 
roles as the miR‑466 upregulation in Huh7 and Hep3B cells. 
MTDH was identified as a direct target gene of miR‑466 
in HCC cells; hence, our subsequent analyses were focused 
on the functional roles of MTDH in HCC cells. To this end, 
siRNA against the expression of MTDH (si‑MTDH) was 
employed to knock down endogenous MTDH expression in 
Huh7 and Hep3B cells. MTDH protein expression was obvi-
ously downregulated by si‑MTDH transfection relative to its 
expression in the si‑NC group (Fig. 4A, P<0.05). Analysis 
of cell proliferation and apoptosis using CCK‑8 assay and 
flow cytometric analysis, respectively, showed that MTDH 
knockdown restricted the cell proliferation (Fig. 4B, P<0.05) 
and promoted the apoptosis (Fig. 4C, P<0.05) of Huh7 and 
Hep3B cells compared with these parameters in the si‑NC 

group. Transwell chamber assays revealed that transfection of 
si‑MTDH in Huh7 and Hep3B cells caused significant suppres-
sion of migration (Fig. 4D, P<0.05) and invasiveness (Fig. 4E, 
P<0.05) compared with these abilities in the cells transfected 
with si‑NC. Taken together, these observations demonstrated 
that inhibition of MTDH exhibits similar tumor suppressive 
roles as miR‑466 upregulation in HCC cells, suggesting that 
MTDH is a downstream target of miR‑466 in HCC.

Overexpression of MTDH reverses the tumor‑suppressing 
roles of miR‑466 in Huh7 and Hep3B cells. To further 
determine whether MTDH downregulation is essential for 
the tumor‑suppressing roles of miR‑466 in HCC, rescue 
experiments were performed in Huh7 and Hep3B cells by 
co‑transfection with miR‑466 mimics and empty pcDNA3.1 or 

Figure 2. miR‑466 suppresses cell proliferation, induces apoptosis, and inhibits migration and invasion in Huh7 and Hep3B cells. (A) Expression of miR‑466 
in Huh7 and Hep3B cells that were treated with miR‑466 mimics or miR‑NC as determined by RT‑qPCR. *P<0.05 vs. miR‑NC. (B) CCK‑8 assay was used to 
evaluate cell proliferation in Huh7 and Hep3B cells transfected with miR‑466 mimics or miR‑NC. *P<0.05 vs. miR‑NC. (C) The apoptosis rate of Huh7 and 
Hep3B cells after transfection with miR‑466 mimics or miR‑NC was assessed using flow cytometric analysis. *P<0.05 vs. miR‑NC. (D and E) The migratory and 
invasive properties of Huh7 and Hep3B cells transfected with miR‑466 mimics or miR‑NC were assessed using Transwell chamber assay. *P<0.05 vs. miR‑NC.RETRACTED
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Figure 4. Metadherin (MTDH) inhibition imitates the tumor‑suppressing roles of miR‑466 overexpression in Huh7 and Hep3B cells. (A) Western blot analysis 
was carried out to detect MTDH protein expression in Huh7 and Hep3B cells transfected with si‑MTDH or si‑NC. *P<0.05 vs. si‑NC. (B‑E) The proliferation, 
apoptosis, migration and invasion of Huh7 and Hep3B cells transfected with si‑MTDH or si‑NC were assessed by CCK‑8 assay, flow cytometry analysis and 
Transwell chamber assay, respectively. *P<0.05 vs. si‑NC. 

Figure 3. Metadherin (MTDH) is a direct target of miR‑466 in HCC cells. (A) Putative binding sequences of miR‑466 in the 3'‑UTR of MTDH were predicted 
by microRNA.org and TargetScan. The mutant binding sequences in 3'‑UTR of MTDH are underlined. (B) miR‑466 overexpression obviously decreased the 
luciferase activities of reporter plasmid containing a wild‑type 3'‑UTR of MTDH but not a mutant 3'‑UTR in Huh7 and Hep3B cells. *P<0.05 vs. miR‑NC. 
(C) RT‑qPCR analysis of MTDH mRNA expression in 32 pairs of HCC tissues and pair‑matched adjacent normal tissues. *P<0.05 vs. adjacent normal tissues. 
(D) Spearman's correlation analysis was utilized to investigate the relationship between miR‑466 and MTDH mRNA expression in HCC tissues. r=‑0.6714, 
P=0.0002. (E and F) The mRNA and protein expression of MTDH in Huh7 and Hep3B cells with miR‑466 overexpression was detected by RT‑qPCR and 
western blot analysis, respectively. *P<0.05 vs. miR‑NC. HCC, hepatocellular carcinoma.
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pcDNA3.1‑MTDH plasmid lacking the 3'‑UTR. The downreg-
ulation of MTDH protein induced by miR‑466 overexpression 
was restored in Huh7 and Hep3B cells after co‑transfection with 
pcDNA3.1‑MTDH (Fig. 5A, P<0.05). MTDH overexpression 
blunted the tumor‑suppressor activity of miR‑466 in regards to 
Huh7 and Hep3B cell proliferation (Fig. 5B, P<0.05), apoptosis 
(Fig. 5C, P<0.05), migration (Fig. 5D, P<0.05) and invasion 
(Fig. 5E, P<0.05) in vitro. In summary, these results suggest 
that the antitumor effects of miR‑466 overexpression in HCC 
cells were, at least partly, mediated by inhibition of MTDH.

Discussion

Accumulating evidence has demonstrated that numerous 
miRNAs are either downregulated or upregulated in HCC and 
play important roles in its occurrence and development (33‑35). 

Notably, in‑depth understanding of miRNAs could expand 
the current knowledge regarding the mechanisms underlying 
hepatocarcinogenesis  (36). Therefore, investigation of 
miRNAs and their functions implicated in the genesis and 
development of HCC would provide key clues for the identi-
fication of effective therapeutic approaches for patients with 
this disease. In the present study, we found that miR‑466 is 
downregulated in HCC tissues and cell lines. Ectopic miR‑466 
expression impeded the proliferation, induced apoptosis, and 
restricted the metastasis ability of HCC cells. Mechanistically, 
this study confirmed that MTDH is a direct target gene of 
miR‑466 in HCC cells. These observations suggest the that 
miR‑466/MTDH axis may potentially serve as attractive and 
effective therapeutic targets in HCC.

miR‑466 was previously reported to be lowly expressed 
in colorectal  (21) and prostate  (22) cancers. Low miR‑466 

Figure 5. Metadherin (MTDH) restoration reverses the effects of miR‑466 in regards to Huh7 and Hep3B cell proliferation, apoptosis, migration and invasion 
in vitro. (A) miR‑466 mimics were transfected into Huh7 and Hep3B cells and infected with empty pcDNA3.1 or pcDNA3.1‑MTDH plasmid lacking the 
3'‑UTR. Western blot analysis was adopted to detect MTDH protein expression. *P<0.05 vs. miR‑NC. #P<0.05 vs. miR‑466 mimics + pcDNA3.1‑MTDH. 
(B‑E) CCK‑8 assay, flow cytometric analysis, and Transwell chamber assay were employed to determine the proliferation, apoptosis, migration and invasion 
of Huh7 and Hep3B cells cotransfected with miR‑466 mimics and pcDNA3.1 or pcDNA3.1‑MTDH. *P<0.05 vs. miR‑NC. #P<0.05 vs. miR‑466 mimics + 
pcDNA3.1‑MTDH. RETRACTED
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expression was significantly associated with tumor size, TNM 
stage, lymph node metastasis, and distant metastasis of colorectal 
cancer patients. In addition, colorectal cancer patients with a 
reduced miR‑466 level had a reduced overall survival period 
than patients with a high miR‑466 level. Furthermore, multi-
variate analysis validated miR‑466 expression as a prognostic 
marker for colorectal cancer patients (21). Functional experi-
ments revealed that miR‑466 serves as a tumor suppressor in 
colorectal (21) and prostate (22) cancers by regulating diverse 
biological behaviors. Nevertheless, miR‑466 was found to be 
overexpressed in cervical cancer tissues and cell lines. High 
miR‑466 expression was correlated with lymph node metas-
tasis of cervical cancer patients (23). These conflicting studies 
suggest that miR‑466 displays tissue specificity in regards to its 
expression status and biological roles in human malignancies. 
Hence, miR‑466 may represent a valuable target for the diag-
nosis and therapy of patients with these specific cancer types.

The mechanisms underlying the tumor‑suppressive 
effects of miR‑466 in HCC cells were explored in the present 
study. First, bioinformatic analysis predicted that MTDH is a 
putative target of miR‑466. Second, luciferase reporter assays 
revealed that miR‑466 could recognize and directly bind to 
the 3'‑UTR of MTDH in HCC cells. Third, MTDH expres-
sion was upregulated in HCC tissues, and upregulation of 
MTDH was inversely related with the miR‑466 level. Fourth, 
miR‑466 restoration decreased MTDH mRNA and protein 
levels in HCC cells. Finally, inhibition of MTDH was able to 
simulate the effects of miR‑466 overexpression in HCC cells. 
MTDH reintroduction blunted the tumor‑suppressor activity 
of miR‑466 in malignant phenotypes of ccRCC cells. These 
results provide sufficient evidence to validate that MTDH is a 
direct target gene of miR‑466 in HCC cells.

MTDH, located on chromosome 8q22, was first discovered 
in human foetal astrocytes in 2002 (37). MTDH was reported 
to be highly expressed in several types of human cancer, such 
as breast (38), colorectal (39), thyroid (40) and bladder (41) 
cancers. MTDH is a multifunctional oncogene implicated in 
the regulation of various processes (42‑44). MTDH was found 
to be upregulated in HCC, and its high expression exhibited 
a significant association with age, Edmondson grade, micro-
vascular invasion, TNM stage, histological differentiation, 
American Joint Committee on Cancer T stage, and α‑fetoprotein 
level (25‑28). HCC patients with high MTDH expression had 
a shorter survival period compared with patients with low 
MTDH expression  (27). In addition, multivariate analysis 
identified high MTDH expression as an independent predictor 
of shorter disease‑free survival (28). Dysregulation of MTDH 
was found to be closely related to the aggressive behaviors of 
HCC by regulating several pathological processes, including 
cell growth, viability, the cell cycle, cell survival, apoptosis, 
transformation, metastasis, epithelial‑to‑mesenchymal transi-
tion, chemoresistance, angiogenesis and senescence (26,29‑32). 
In the present study, we demonstrated that miR‑466 targeted 
MTDH to inhibit the progression of HCC. Thus, MTDH inhibi-
tion using miR‑466‑based targeted therapy could be a potential 
therapeutic technique for elimination of HCC in the future.

The present study, to the best of our knowledge, presents 
initial evidence that miR‑466 expression is downregulated in 
both HCC tissues and cell lines. miR‑466 restoration impeded 
the development of HCC by directly targeting MTDH. 

Understanding the expression pattern and biological roles of 
miR‑466 in hepatocarcinogenesis and progression would facili-
tate the development of miR‑466 as a potential therapeutic tool for 
HCC patients. However, in this study, we did not show the local-
ization of miR‑466 and MTDH in clinical pathological tissues. 
In addition, the association between miR‑466 and clinicopatho-
logical features as well as the prognosis of HCC patients was not 
examined. These are limitations of the present study which will 
be resolved in further experiments.
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