
Abstract. The interferon‑induced transmembrane protein 3 
(IFITM3, also called 1‑8U) gene represents dysregulated 
expression in various tumors and is involved in tumorigen‑
esis and progression. However, the role of IFITM3 and its 
underlying mechanism in hepatocellular carcinoma (HCC) 
are still far from elucidated. MicroRNAs (miRNAs), a class of 
endogenous (approximately 22 nucleotides) small noncoding 
RNAs, can post‑transcriptionally regulate gene expression by 
repressing protein translation or silencing the expression of 
target genes that play critical roles in various cancers. miR‑29a 
was identified as being aberrantly expressed in a significant 
proportion of HCC. However, the correlation between IFITM3 
and miR‑29a has not been reported to date. In this study, we 
investigated the expression of IFITM3 in HCC and its effect 
on the biological behavior of HCC cells as well as the asso‑
ciation between IFITM3 and miR‑29a. We determined that 
IFITM3 was upregulated and miR‑29a downregulated in 
HCC tissues and that they were associated with HCC tumor 
size, tumor multifocal, and venous invasion. The expression 
of IFITM3 in HCC tissues was negatively correlated with 
miR‑29a expression. Additionally, IFITM3 overexpression and 
miR‑29a nonoverexpression were related to poor prognosis of 
HCC patients. Knockdown of IFITM3 inhibited migration, 
invasion, proliferation and promoted apoptosis of HCC cells, 
which are consistent with the effects of upregulated miR‑29a. 
Additionally, after upregulation of IFITM3, the invasion, 
migration and proliferation abilities of HL‑7702 cells were 

increased, but the apoptosis rate was decreased. Furthermore, 
using a Dual‑Luciferase reporter gene assay, we identified 
IFITM3 as a new functional target gene of miR‑29a. In conclu‑
sion, our findings demonstrated that the migration, invasion, 
proliferation and apoptosis features of HCC cells could be 
regulated by miR‑29a via IFITM3. Thus, the present study 
indicated that miR‑29a and IFITM3 play critical roles in the 
development and progression of HCC, revealing that miR‑29a 
and IFITM3 may be novel potential therapeutic targets for 
patients with HCC.

Introduction

Liver cancer, a fatal disease, is one of the most common 
cancers and the leading cause of cancer‑related mortality 
worldwide (1). According to the latest statistics, in the United 
States in 2017, it is estimated that approximately 40,710 new 
cases of liver cancer will be diagnosed and approximately 
28,920 cases, equivalent to 71% of these diagnosed cases, 
will eventually suucumb to this disease, and the 5‑year rela‑
tive survival rate for liver cancer is currently only 18% (2). 
Hepatocellular carcinoma (HCC), the most common primary 
liver malignancy (accounting for 70‑90%), has an unsatisfac‑
tory clinical efficacy due to the high incidence of recurrence 
and metastasis even after curative resection (1,3,4). In addition, 
sorafenib, a multi‑kinase inhibitor, is a drug that is available 
for the treatment of patients with advanced HCC, however it 
only modestly improves survival, while a range of side‑effects 
commonly exist and most patients will eventually become 
drug‑resistant (5,6). Therefore, its clinical application is 
restricted. The main reason for the unsatisfactory treatment 
for HCC is that the underlying molecular mechanism of HCC 
oncogenesis remains unclear. Hence, it is urgent to elucidate 
the mechanism involved in HCC progression and to identify 
novel therapeutic targets to improve the clinical outcome.

The interferon‑induced transmembrane protein 3 
(IFITM3, also called 1‑8 U) gene (along with IFITM1 and 
IFITM2) belongs to the IFITM family of genes, which are 
clustered on chromosome 11 and have been identified as 
antiviral factors that interfere with viral entry following 
endocytosis (7‑9). In recent years, an increasing number of 
studies have found dysregulated expression of IFITM3 in 
various tumors (including colon cancer, colorectal tumor and 
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glioma), which is involved in cell migration and invasion, 
tumorigenesis and progression (10‑12). However, the clinical 
significance and underlying mechanisms of aberrant IFITM3 
expression in HCC have not been investigated and remain to 
be established.

MicroRNAs (miRNAs), a family of endogenous (approxi‑
mately 22 nucleotides) small noncoding RNAs, are able to 
post‑transcriptionally regulate gene expression by repressing 
protein translation or silencing the expression of target genes 
by directly binding to the 3'‑untranslated region (3'‑UTR) of 
messenger RNAs (mRNAs) (13‑15). miRNAs play important 
roles in various biological and pathological processes of HCC, 
including migration, invasion, carcinogenesis, tumor growth 
and metastasis (16‑19). Several studies have reported aber‑
rant expression of miRNA‑29a (miR‑29a) in HCC. miR‑29a 
is involved in multiple processes of tumor progression, 
including cell proliferation, growth, migration, and epithe‑
lial‑mesenchymal transition (EMT) (20‑22). Furthermore, low 
expression of miR‑29a is a poor prognostic marker in HCC 
patients (23).

However, the expression and biological function of IFITM3 
in HCC and the association between IFITM3 and miR‑29a 
remain unclear. Previously, we performed a bioinformatics 
analysis and found that a potential binding site for miR‑29a 
exists in the 3'UTR of IFITM3 mRNA. Thus, we presumed 
that miR‑29a could affect HCC progression by regulating 
IFITM3. In the present study, we aimed to investigate the 
role of IFITM3 and miR‑29a in HCC and to identify whether 
IFITM3 is a new direct target gene of miR‑29a. In the addi‑
tion, the association between IFITM3, miR‑29a expression 
and the clinicopathological characteristics of HCC patients 
was investigated.

Materials and methods

Patients and tissue specimens. HCC and paracancerous 
tissue specimens (confirmed by histological diagnosis) were 
obtained from 52 patients (37 males and 15 females) who 
underwent hepatectomy at the Second Affiliated Hospital of 
Nanchang University ( Nanchang, China) from January 2012 
to December 2016. Their age ranged from 31 to 74 years, and 
the average age was 49 years. The sex, age, tumor size, TNM 
stage, alpha‑fetoprotein (AFP) levels and other clinicopatho‑
logical characteristics of patients were obtained from surgical 
and pathological records. Prior to liver resection, no treatments, 
including radiotherapy and chemotherapy, had been carried 
out in these patients. After the tissue specimens were resected 
during surgery, HCC and paracancerous tissue specimens 
were immediately collected and placed in liquid nitrogen and 
then stored. Informed consent was obtained from all patients 
for using their tissue specimens and clinicopathological data. 
The study protocol was approved by the Medical Ethics 
Committee of the Second Affiliated Hospital of Nanchang 
University. This study was performed in accordance with the 
ethical standards of the Declaration of Helsinki.

Cell lines and cell culture. The human normal liver cell line 
(HL‑7702) and 3 HCC cell lines (Hep3b, HCCLM3 and Huh‑7) 
were selected to conduct the assays, and they were purchased 
from the Shanghai Institute of Cell biology (Shanghai, China). 

These cell lines were cultured in high‑glucose Dulbecco's 
modified Eagle's medium (DMEM; Beijing Solarbio Science 
& Technology Co., Ltd., beijing, China) supplemented with 
10% fetal bovine serum (FBS; Biological Industries, Kibbutz 
beit‑Haemek, Israel), 100 µg/ml streptomycin and 100 U/ml 
penicillin at 37˚C, in a 5% CO2 and 95% humidity cell culture 
incubator.

Cell transfection. IFITM3 siRNA, pcDNA3.1(+)‑IFITM3 plas‑
mids and negative control (NC) were purchased from Shanghai 
GenePharma Co., Ltd. (Shanghai, China). miR‑29a mimics 
and NC miRNA were purchased from Guangzhou Ribobio 
biotechnology, Co., Ltd. (Guangzhou, China). The HCCLM3 
cell lines were eventually selected as experimental subjects 
and assigned to the NC and treatment groups. Transfections 
were performed using the Lipofectamine 3000 kit (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's instructions. Two different IFITM3 
siRNA sequences were transfected into the cells, and the 
sequences were as follows: IFITM3‑s1 sense, 5'‑CCA UUC 
UGC UCA UCG UCA UTT‑3' and antisense, 5'‑AUG ACG AUG 
AGC AGA AUG GTT‑3'; IFITM3‑s2 sense, 5'‑GCU GAU CUU 
CCA GGC CUA UTT‑3' and antisense, 5'‑AUA GGC CUG GAA 
GAU CAG CTT‑3'. The sequences of pcDNA3.1(+)‑IFITM3 
plasmids were as follows: pcDNA3.1(+)‑IFITM3 sense, 
5'‑AAG CTG GCT AGC GTT GCG GCC GCG CCA CCA TGA AT 
C ACA CTG TCC AAA CCT T‑3'; pcDNA3.1(+)‑IFITM3 anti‑
sence, 5'‑AGA GTC GGT ACC GTC GGA TCC CTA TCC ATA 
GGC CTG GAA GAT CAG‑3'.

Hematoxylin and eosin (H&E) and immunohistochemistry 
(IHC). After the HCC and adjacent tissues were fixed in 
10% formalin solution, we embedded them in paraffin blocks 
and then cut the tissue into paraffin sections. After deparaff‑
nization and hydration, some sections were stained with H&E, 
which was used to detect morphological changes, and some 
sections were used for immunostaining. Then, these sections 
were incubated with 0.3% hydrogen peroxide for 15 min to 
eliminate endogenous peroxidase, and microwave‑heated at 
100˚C for 10 min in sodium citrate buffer (10 mmol/l, pH 6.0) 
for antigen retrieval and blocked with goat serum. Subsequently, 
the tissue sections were incubated with IFITM3 rabbit mono‑
clonal antibody at a 1:200 dilution (cat. no. ab109429; Abcam, 
Cambridge, MA, USA) at 4˚C overnight. Subsequently, the 
sections were washed with phosphate‑buffered saline (PbS) 
3 times at 5‑min intervals. The next step was to add the 
secondary antibody biotinylated goat anti‑rabbit serum IgG 
at a 1:2,000 dilution (cat. no. HS101‑01; TransGen Biotech, 
beijing, China) to the sections and incubate them for 30 min at 
37˚C. Then, the sections were stained with diaminobenzidine 
(DAb) and hematoxylin dyes and were sealed with neutral 
resins. Two pathologists blindly and randomly evaluated 
and semi‑quantitatively scored the staining intensity and 
percentage of positive cells. The methods that we used to grade 
the staining intensity and score the percentage of staining 
have already been reported by Liu et al (24). For each immu‑
nostained section, the overall staining index was computed 
by multiplying the grades and scores to reach a value from 
0 to 9, which was finally designated as follows: 0‑1, IFITM3 
nonoverexpression; 2‑9, IFITM3 overexpression.



3263ONCOLOGY REPORTS  40:  3261‑3272,  2018

Protein extraction and western blot analysis. Western blot 
analysis was conducted to detect total protein expression in 
tissues and treated cells after 48 h of transfection. Total protein 
was extracted from tissues or cells, which were lysed in radio‑
immunoprecipitation assay (RIPA) buffer (cat. no. R0020; 
Solarbio Science & Technology Co., Ltd.) with 1% phenyl‑
methanesulfonyl fluoride (PMSF), and then, the protein was 
separated by 10% sodium dodecyl sulfate‑polyacrylamide 
gel electrophoresis (SDS‑PAGE). Protein determination was 
based on bicinchoninic acid (bCA) method. A total of 12 
ml protein samples were loaded per lane. Protein samples 
were electrophoresed on a 15% sodium dodecyl sulfate‑poly‑
acrylamide gel and transferred onto polyvinylidene fluoride 
(PVDF) membranes. Afterwards, the membranes were 
blocked with 5% Difco skim milk at room temperature for 
2 h. The membranes were then incubated with anti‑IFITM3 
antibody (1:5,000 dilution) (cat. no. ab109429; Abcam) at 4˚C 
overnight. Tris‑HCl buffer solution + Tween‑20 (TbST) was 
used to wash the membranes 3 times for 10 min. Subsequently, 
they were incubated with horseradish peroxidase‑conjugated 
secondary antibody at a 1:10,000 dilution (cat. no. HS101‑01; 
TransGen biotech) for 1 h at room temperature. Finally, the 
blots were detected by enhanced chemiluminescence (ECL) 
kit (cat. no. cw0049s; CWBIO, Beijing, China), and the 
intensity was measured by Quantity One software (bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The reference protein 
in the study is GAPDH mouse monoclonal antibody with 
1:6,000 dilution (cat. no. 60004‑1‑Ig; Proteintech Group Inc., 
Rosemont, IL, USA).

Isolation of mRNA and quantitative reverse‑transcription 
polymerase chain reaction (qRT‑PCR). Total RNA of tissues 
and cells was isolated with an E.Z.N.A.™ Total RNA Kit II 
(Omega bio‑Tek, Inc., Norcross, GA, USA). Reverse transcrip‑
tion was performed with a PrimeScript RT reagent kit with 
gDNA Eraser (cat. no. RR047A; Takara Biotechnology, Co., 
Ltd., Dalian, China) following the protocols of the manufac‑
turer. qRT‑PCR was performed with SYbR Premix Ex Taq™ II 
(cat. no. RR820A; Takara Biotechnology, Co., Ltd.) according 
to the manufacturer's instructions. The levels of IFITM3 and 
miR‑29a were calculated with the 2‑ΔΔCq method (25) and were 
normalized to those of glyceraldehyde‑3‑phosphate dehydro‑
genase (GAPDH) and U6, respectively. We randomly chose 
five non‑tumor tissues of HCC patients and selected their 
average ΔCq of miR‑29a as an internal control to calculate 
the ΔΔCq of each HCC tissue. In addition, we selected the 
mean level of miR‑29a relative expression as a cut‑off value 
according to the study of Li et al (26). The HCC patients with 
miR‑29a expression less than the mean value were classified 
as the non‑overexpression group, while the patients higher 
than the median value were considered as the overexpression 
group. The RNA relative expression levels of the experimental 
group were reported as the fold change compared to the 
corresponding NC group, which was defined as 1.0. All assays 
were performed in triplicate. The specific stem‑loop primer 
for miR‑29a and U6 primer were designed by Guangzhou 
Ribobio biotechnology, Co., Ltd. (Guangzhou, China). The 
primer sequences of GAPDH and IFITM3 were purchased 
from GenScript biotechnology (Nanjing, China) and were as 
follows: GAPDH forward, 5'‑CAG GGC TGC TTT TAA CTC 

TGG T‑3' and reverse, 5'‑GAT TTT GGA GGG ATC TCG CT‑3'; 
IFITM3 forward, 5'‑ACT GTC CAA ACC TTC TTC TCT CC‑3' 
and reverse, 5'‑TCG CCA ACC ATC TTC CTG TC‑3'.

Cell wound healing assays. A wound healing assay was 
performed to evaluate the cell migration capacity. Cells 
were seeded into 6‑well plates and incubated in DMEM with 
10% FBS at 37˚C. After the cells reached 90‑100% conflu‑
ence, artificial wounds were generated by scraping a 200 µl 
pipette tip across the cell surface. Subsequently, the cells were 
gently washed with PbS 3 times to remove the detached cells, 
and then, they were incubated in fresh complete medium for 
48 h. After 48 h, we observed and measured the cell migration 
distance from the edge of the scratch towards the center.

Cell migration and invasion assays. To detect cell invasion 
and migration, 8‑µm pore size Corning Transwell cham‑
bers (Corning Inc., Corning, NY, USA) with and without 
Matrigel‑coating were used, respectively. At 48 h after trans‑
fection, 4x104 cells in serum‑free medium were placed into 
the upper chambers for the migration assay, and 8x104 cells 
were seeded for invasion assays, while medium with 10% FbS 
was added to the lower chamber. After 24 h of incubation, the 
cells remaining in the upper surface of the membrane were 
removed, and the cells that had migrated/invaded to the lower 
surface of the membrane were fixed with 4% paraformalde‑
hyde and stained with 0.1% crystal violet. Cells were counted 
in five random fields (magnification, x200) taken by a light 
microscope (Olympus Corp., Tokyo, Japan).

Cell proliferation assays. The cell proliferation ability was 
assessed using the 5‑ethynyl‑2'‑deoxyuridine (EdU) prolif‑
eration assay. At 24 h after transfection, treated cells were 
resuspended and seeded in 96‑well plates (1x104 cells/well) and 
were continually cultured for 24 h. Subsequently, after being 
washed 3 times with PbS, the cells were incubated for 4 h in 
serum‑free DMEM supplemented with 50 µM EdU (Guangzhou 
Ribobio biotechnology, Co., Ltd., Guangzhou, China). Then, 
the cells were fixed with 4% polyformaldehyde in PBS at room 
temperature for 30 min. Finally, the cells were subsequently 
incubated with Apollo staining solution and Hoechst 33342 for 
30 min. The percentage of EdU‑positive cells relative to the 
total number of cells was intended to represent the prolifera‑
tion index. A fluorescence microscope (Olympus Corp.) was 
used to obtain images, and five random fields (magnification, 
x200) were selected to evaluate the proliferation rate.

Cell apoptosis assays. Cell apoptosis was assessed by fluo‑
rescence activated cell sorting (FACS) analysis using the 
Annexin V‑fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) apoptosis detection kit (bD biosciences, Franklin 
Lakes, NJ, USA). In brief, cells were firstly digested with 
trypsin and then collected and rinsed with pre‑cooled PbS at 
4˚C; then, they were resuspended in 100 µl of 1X binding buffer 
and placed into a plastic 12x75 mm test tube, followed by the 
addition of 5 µl of Annexin V‑FITC and 5 µl of PI solution in 
the dark at room temperature. After cells were gently vortexed 
and incubated for 15 min, 400 µl of 1X binding buffer was 
added to the cell suspension. Finally, the cell apoptosis rate 
was determined by a flow cytometry (BD Biosciences).



LIANG et al:  miR‑29a SUPPRESSES METASTASIS AND PROGRESSION OF HCC bY TARGETING IFITM33264

Dual luciferase reporter gene assay. The Dual‑Luciferase 
reporter gene assay was performed to ascertain whether 
IFITM3 was the direct target gene of miR‑29a. The IFITM3 
3'UTR dual luciferase reporter plasmids (WT and MUT) 
were constructed by Guangzhou Ribobio biotechnology, Co., 
Ltd. They were co‑transfected using Lipofectamine 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) with miR‑29a 
mimics or miRNA NC into 293T cells, respectively (Shanghai 
beinuo biotech, Co., Ltd., Shanghai, China). After incuba‑
tion for 48 h, the luciferase activities were detected using a 
Dual‑Luciferase Assay System (Promega Corp., Madison, WI, 
USA).

Statistical analysis. GraphPad Prism 7.0 and SPSS 22.0 soft‑
ware were used for statistical analysis. Wilcoxon's paired test 
was applied to compare the IFITM3 expression in HCC tissues 
and paracancerous tissues. The statistically significant positive 
correlation between IFITM3 and miR‑29a expression levels 
was analyzed by Spearman's correlation analysis. Chi‑square 
tests were used to examine the possible associations between 
the expression of IFITM3 or miR‑29a and the clinicopatho‑
logical characteristics of patients. The log‑rank (Mantel‑Cox) 
test was used to assess the differences in the overall survival 
rate. Comparisons between the two groups were analyzed with 
t‑test or Student's t‑test. Multiple group comparisons were 
performed with the one‑way analysis of variance (ANOVA), 
and the post hoc test was Student‑Newman‑Keuls (SNK) test. 
A P‑value <0.05 was considered to indicate a statistically 
significant difference.

Results

IFITM3 is upregulated and miR‑29a downregulated in HCC 
tissues and both are associated with HCC progression as 
well as poor prognosis. To investigate the expression levels 
and significance of IFITM3 in HCC tissues, a total of 52 HCC 
tissues and corresponding adjacent non‑tumor tissues were 
examined using IHC and western blotting. The IHC results 
revealed that the IFITM3 protein was expressed in the cyto‑
plasm as well as highly expressed in 69.23% (36 of 52) of 
HCC tissues and only 26.92% (14 of 52) of adjacent non‑tumor 
tissues (Fig. 1A), which indicated that IFITM3 protein expres‑
sion was significantly upregulated in HCC tissues compared 
with adjacent non‑tumor tissues (P<0.01, Fig. 1b). In addition, 
the western blotting results revealed that the IFITM3 protein 
levels were significantly elevated in 73.08% (38 of 52) of HCC 
tissues, whereas the IFITM3 protein levels were elevated in 
only 21.15% (11 of 52) of adjacent non‑tumor tissues (Fig. 1C), 
which was consistent with the IHC results, indicating that 
IFITM3 protein expression was significantly upregulated in 
HCC tissues (P<0.01; Fig. 1D).

To explore the expression and correlation of IFITM3 and 
miR‑29a in HCC tissues, qRT‑PCR was performed for 52 HCC 
tissues and adjacent non‑tumor tissues. The qRT‑PCR results 
revealed that the average fold change of IFITM3 mRNA 
expression in tumor tissues was significantly upregulated 
relative to that in paired non‑tumor tissues (P<0.01; Fig. 1E). 
However, miR‑29a was significantly decreased in tumor 
tissues compared with adjacent non‑tumor tissues (P<0.01; 
Fig. 1F). Furthermore, the expression levels of IFITM3 in 

HCC tissues were negatively correlated with the miR‑29a 
levels (two‑tailed Spearman's correlation, r=‑0.502, P<0.001; 
Fig. 1G).

The highest and lowest relative expression of miR‑29a in 
52 HCC tissues was 3.77 and 0.399, respectively. The mean 
level of miR‑29a relative expression (mean value=1.521) 
was selected as a cut‑off value. A total of 34 HCC tissues 
with miR‑29a expression less than the mean value were 
considered to have non‑overexpression of miR‑29a, while the 
remaining 18 HCC tissues higher than the median value were 
considered overexpression. Moreover, the overall survival 
rate of HCC patients was both significantly decreased in 
IFITM3 overexpression patients [log‑rank (Mantel‑Cox) test, 
P=0.041; Fig. 1H] and miR‑29a non‑overexpression patients 
[log‑rank (Mantel‑Cox) test, P=0.037; Fig. 1I], indicating that 
IFITM3 overexpression and miR‑29a non‑overexpression 
were related to the poor prognosis of HCC patients. In addi‑
tion, the highest and lowest survival time for HCC patients 
with IFITM3 overexpression or miR‑29 non‑overexpression 
were 8 and 60 months, respectively. The median survival 
time for HCC patients with IFITM3 overexpression was 
37 months, and for the miR‑29 non‑overexpression it was 
31 months.

Finally, we analyzed the associations between IFITM3 
along with miR‑29a expression in HCC and clinicopatho‑
logical characteristics. The results revealed that IFITM3 
overexpression and miR‑29a non‑overexpression were both 
closely associated with tumor size, tumor multifocal, and 
venous invasion (P<0.05 for all; Table I). These data indicated 
that IFITM3 overexpression and miR‑29a non‑overexpression 
were associated with HCC aggressive behavior and metastasis.

Knockdown of IFITM3 inhibits migration, invasion, prolif‑
eration and promotes apoptosis of HCC cells. To investigate 
the effects of IFITM3 on metastasis, proliferation and apop‑
tosis of HCC cells, we firstly examined the protein expression 
levels of IFITM3 in normal hepatocyte cells (HL‑7702) and 3 
HCC cell lines (Hep3b, HCCLM3 and Huh‑7) by western blot 
analysis. The results revealed that expression of the IFITM3 
protein in HCC cells was higher than that in the normal 
hepatocyte cell line. The HCCLM3 cells with the highest 
expression level of IFITM3 were finally selected for subse‑
quent functional assays (P<0.01; Fig. 2A). Furthermore, two 
types of IFITM3 siRNA were used to transfect the HCCLM3 
cell lines to detect the more effective sequence. At 48 h after 
transfection, IFITM3 protein expression was examined using 
western blotting, and the results revealed that IFITM3‑s1 
siRNA was more effective than IFITM3‑s2 (P<0.01 for all; 
Fig. 2b). Thus, IFITM3‑s1 siRNA was selected for subsequent 
RNA interference assays.

Wound healing assays were performed to assess the varia‑
tion of the cell migration ability for IFITM3 knockdown, and 
the results revealed that cell migration ability was significantly 
decreased in the IFITM3‑s1 group (P<0.01; Fig. 2C). In 
addition, the results of the Transwell chamber assay without 
Matrigel for HCCLM3 cells were also consistent with the 
wound healing assay results, and using a Matrigel‑coated 
Transwell chamber, we found that HCC cells with IFITM3 
knockdown invaded through the matrix slower than the NC 
group cells (P<0.01 for all; Fig. 2D).
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Figure 1. IFITM3 is upregulated and miR‑29a downregulated in HCC tumor tissues and is associated with poor prognosis. (A) Representative IHC staining 
of IFITM3 in HCC tissues including tumor and non‑tumor (magnification, left image x100; right image x400). (B) Comparison of overexpression rate among 
HCC tumor tissues and adjacent non‑tumor tissues (**P<0.01 compared with the adjacent tissues). (C) Representative Western blotting analysis of IFITM3 
protein expression (T, tumor; NT, non‑tumorous tissues). (D) Quantification of IFITM3 protein expression using western blot analysis in 52 paired HCCs 
and their adjacent non‑tumoral liver tissues. GAPDH protein expression was used as an internal control (**P<0.01). (E and F) qRT‑PCR analysis of IFITM3 
mRNA and miR‑29a expression in 52 HCC tumors and peritumoral liver tissues (**P<0.01, paired Student's t‑test). (G) Scatter plots revealing a negative 
correlation between IFITM3 mRNA and miR‑29a at the RNA level in 52 HCCs (r=‑0.502, P<0.001). (H and I) HCC patients with IFITM3 and miR‑29a 
high or low expression were both determined by log‑rank (Mantel‑Cox) test (P=0.041 and 0.037 respectively), revealing that overexpression of IFITM3 and 
non‑overexpression of miR‑29a was correlated to a poor overall survival for HCC patients. IFITM3, interferon‑induced transmembrane protein 3; HCC, 
hepatocellular carcinoma.
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To explore the effects of IFITM3 knockdown on cell 
viability, EdU proliferation assays were conducted. The 
results revealed that growth of HCCLM3 cells was signifi‑
cantly decreased in the IFITM3‑s1 group (P<0.01; Fig. 2E). 
To confirm whether IFITM3 was involved in the apoptosis of 
HCC cells, we used flow cytometry to examine the cell apop‑
tosis rate of the treated HCC cells. The results indicated that 
the apoptosis rate of the IFITM3‑s1 group was higher than that 
of the NC group (P<0.01; Fig. 2F).

Upregulated IFITM3 promotes migration, invasion and 
proliferation as well as inhibits apoptosis of HL‑7702 cells. 

The HL‑7702 cells were selected for the IFITM3 upregulated 
assays. pcDNA3.1(+)‑IFITM3 plasmids were transiently 
transfected into HL‑7702 cells to enhance the expression 
of IFITM3. Firstly, western blot analysis revealed that the 
IFITM3 protein was increased after transfection with the 
pcDNA3.1(+)‑IFITM3 plasmid, which indicated that the 
plasmid was effective (P<0.01; Fig. 3A). After IFITM3 was 
upregulated with pcDNA3.1(+)‑IFITM3 plasmids, the results 
of the Transwell chamber assay revealed that the migration 
and invasion abilities of the HL‑7702 cells were significantly 
increased (P<0.01; Fig. 3B). The results of the EdU proliferation 
assays revealed that growth ability of the HL‑7702 cells was 

Table I. Associations between miR‑29a or IFITM3 and the clinicopathological characteristics in 52 HCC cases.

 miR‑29a IFITM3
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathologic  Overexpression Nonoverexpression  Overexpression Nonoverexpression
characteristics (n) (n) (n) P‑value (n) (n) P‑value

Age (years)    0.686   0.330
  ≤51 24 9 15  15 9 
  >51 28 9 19  21 7 
Sex    0.245   0.683
  Male 37 11 26  25 12 
  Female 15 7 8  11 4 
Tumor size (cm)    0.005   0.005
  ≤5 21 12 9  10 11 
  >5 31 6 25  26 5 
TNM stage    0.703   0.309
  Ⅰ‑Ⅱ 27 10 17  17 10 
  Ⅲ‑Ⅳ 25 8 17  19 6 
Tumor encapsulation    0.115   0.115
  Absent 28 7 21  22 6 
  Present 24 11 13  14 10 
Tumor multifocal    0.001   0.049
  Absent 22 13 9  12 10 
  Present 30 5 25  24 6 
Venous invasion    <0.001   <0.001
  Absent 21 13 8  9 12 
  Present 31 5 26  27 4 
HbsAg       
  Negative 13 6 7 0.313 7 6 0.165
  Positive 39 12 27  29 10 
AFP (ng/ml)    0.542   0.209
  ≤400 29 9 20  18 11 
  >400 23 9 14  18 5 
Cirrhosis    0.278   0.734
  Absent 18 8 10  13 5 
  Present 34 10 24  23 11 

The P‑value represents probabilities for miR‑29a or IFITM3 expression between variable subgroups determined by χ2 test. IFITM3, inter‑
feron‑induced transmembrane protein 3; HCC, hepatocellular carcinoma; AFP, α‑fetoprotein; HBsAg, hepatitis B surface antigen; TNM, 
tumor‑node‑metastasis; n, number of cases.
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significantly increased after upregulation of IFITM3 (P<0.01; 
Fig. 3C). The results of flow cytometry indicated that the 

apoptosis rate of HL‑7702 cells in the pcDNA3.1(+)‑IFITM3 
group was lower than the NC group (P<0.01; Fig. 3D).

Figure 2. Knockdown of IFITM3 inhibits invasion, migration, proliferation and promotes apoptosis of HCC cells. (A) Western blot analysis of IFITM3 expres‑
sion in human normal hepatocyte cells (HL‑7702) and 3 HCC cell lines (Hep3b, HCCLM3 and Huh‑7) which indicated that IFITM3 protein expression in 
HCC cells was significantly higher than that in normal liver cells. **P<0.01 compared with the HL‑7702 cells. (b) Two different IFITM3 siRNA sequences were 
transiently transfected into HCCLM3 cells to knockdown expression of IFITM3. After 48 h of transfection, western blot analysis revealed that the expression 
of IFITM3 was markedly downregulated with the IFITM3‑siRNA groups. (C) Wound healing assay results revealed that wound closure was delayed with 
IFITM3 knockdown in HCCLM3 cells compared with NC groups at 48‑h time‑points after transfection. (D) Migration and invasion assays indicated that 
the migration and invasion abilities of IFITM3‑s1 transfection HCCLM3 cells were decreased compared with the NC groups. (E) EdU proliferation assays 
revealed that the proliferation abilities were significantly reduced in IFITM3‑s1‑transfected HCCLM3 cells than in the NC groups. Blue, Hoechst 33342 
staining of nuclei with all cells. Red, Apollo staining of EdU with proliferating cells. Overlay, the percentage of proliferating cells. (F) The apoptosis rate of 
HCCLM3 cells transfected with IFITM3‑s1 was significantly higher than in the NC groups. **P<0.01 compared with the NC groups. NC, negative control; 
HCC, hepatocellular carcinoma; IFITM3, interferon‑induced transmembrane protein 3.
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Upregulated miR‑29a suppresses migration, invasion and 
proliferation as well as promotes apoptosis of HCC cells. As 
shown in Fig. 4, the effects of upregulated miR‑29a in HCC 
cells on the biological behaviors of those cells were consistent 
with the effects of IFITM3 knockdown. To investigate the 
function and mechanism of miR‑29a in HCC, the expres‑
sion level of miR‑29a was first examined in 3 HCC cell lines 
(Hep3b, HCCLM3 and Huh‑7) and normal hepatocyte cells 
(HL‑7702) using qRT‑PCR. As shown in Fig. 4A, the level 
of miR‑29a in these HCC cell lines was decreased compared 
with the HL‑7702 cells; and the HCCLM3 cell lines had the 
lowest expression levels of miR‑29a (P<0.001; Fig. 4A). Hence, 
HCCLM3 cells were selected for subsequent assays and were 
transfected with miR‑29a mimics. At 36 h post‑transfection, a 
satisfactory transfection efficiency was observed by qRT‑PCR, 
and using western blot analysis, we found that the IFITM3 
protein expression was reduced after 48 h of transfection 
(P<0.01; Fig. 4B).

Wound healing assays were performed to detect the varia‑
tion of migration capacity of HCCLM3 cells after they were 
transfected with miR‑29a mimics. The results revealed that 

the migration capacity of HCCLM3 cell lines was decreased 
after miR‑29a was upregulated (P<0.05; Fig. 4C). Transwell 
chamber migration and invasion assays demonstrated that 
the invasion and metastatic abilities of HCCLM3 cells were 
reduced after miR‑29a was upregulated (P<0.01 for all; 
Fig. 4D).

To investigate the effects of miR‑29a upregulation on 
the cell proliferation capacity, EdU proliferation assays were 
carried out. The results indicated that the growth of HCCLM3 
cells was significantly decreased in the miR‑29a mimics group 
(P<0.01; Fig. 4E). Flow cytometry was performed to examine 
the cell apoptosis rate change of the miR‑29a mimic‑treated 
HCCLM3 cells. The results revealed that the apoptosis rate 
of the miR‑29a mimic group was higher than that of the NC 
groups (P<0.01; Fig. 4F).

IFITM3 is the target gene of miR‑29a. We focused on the 
post‑transcriptional regulation of IFITM3 and investigated 
the effects of miRNAs on IFITM3. Next, we employed 
bioinformatics analysis to predict potential miRNAs that 
targeted the 3'UTR of IFITM3 mRNA by using 2 websites, 

Figure 3. Upregulated IFITM3 promotes invasion, migration, proliferation and inhibits apoptosis of HL‑7702 cells. (A) After 48 h of transfection, western blot 
analysis revealed that the expression of IFITM3 was markedly upregulated in the pcDNA3.1(+)‑IFITM3 group. (b) Transwell chamber assay results revealed 
that the migration and invasion abilities of HL‑7702 cells in the pcDNA3.1(+)‑IFITM3 group were higher than in the NC group. (C) EdU proliferation assays 
revealed that the proliferation abilities of HL‑7702 cells were increased in the pcDNA3.1(+)‑IFITM3 group compared with the NC group. blue, Hoechst 33342 
staining of nuclei with all cells. Red, Apollo staining of EdU with proliferating cells. Overlay, the percentage of proliferating cells. (D) The apoptosis rate 
of HL‑7702 cells transfected with pcDNA3.1(+)‑IFITM3 plasmids was significantly lower than the NC group. **P<0.01 compared with the NC group. NC, 
negative control; HCC, hepatocellular carcinoma; IFITM3, interferon‑induced transmembrane protein 3.
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including TargetScan (http://www.targetscan.org/) and 
miRanda (http://www.microrna.org/microrna/home.do). Then, 
a total of 14 candidate miRNAs (miR‑15a, miR‑15b, miR‑16, 
miR‑29a, miR‑125a, miR‑195, miR‑221, miR‑424, miR‑486, 
miR‑497, miR‑552, miR‑1185, miR‑1207 and miR‑1294) with 
good scores were selected for further screening and their 
corresponding mimics were respectively transfected into 
HCCLM3 cells. Finally, western blot analysis revealed that 
miR‑29a could markedly suppress the protein expression 
of IFITM3 (P<0.01; Fig. 5A and B), which indicated that 

miR‑29a was involved in the regulation of IFITM3. As shown 
in Fig. 5C, the 3'‑UTR of IFITM3 contained a binding site 
for miR‑29a. Subsequently, we performed a dual luciferase 
reporter gene assay to confirm the regulation relationship 
between miR‑29a and IFITM3. The results revealed that the 
miR‑29a mimics could reduce the luciferase activities of the 
wild‑type IFITM3 reporter vector (IFITM3‑WT) rather than 
the mutant‑type IFITM3 reporter vector (IFITM3‑MUT) 
(P<0.01; Fig. 5D), indicating that IFITM3 was the target gene 
of miR‑29a.

Figure 4. Upregulated miR‑29a suppresses migration, invasion, proliferation and promotes apoptosis of HCC cells. (A) The level of miR‑29a in 3 HCC cell lines 
(Hep3B, HCCLM3 and Huh‑7) and a normal liver cell line (HL‑7702). (B) The satisfactory transfection efficiency of miR‑29a mimics with HCCLM3 cells, 
and the IFITM3 protein expression in response to the transfection of miR‑29a. (C) Wound healing assays indicated that the migration capacity of HCCLM3 
cells was decreased after miR‑29a upregulation. (D) The invasion and metastatic abilities of HCCLM3 cells were decreased after miR‑29a upregulation. 
(E) EdU proliferation assays demonstrated that the proliferation abilities were significantly decreased in the miR‑29a‑upregulated HCCLM3 cells than that in 
the NC groups. (F) The apoptosis rate of HCCLM3 cells transfected with miR‑29a mimics was significantly higher than in the NC groups. *P<0.05, **P<0.01, 
***P<0.001 compared with the NC groups. NC, negative control; IFITM3, interferon‑induced transmembrane protein 3.
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Discussion

HCC is one of the most common and aggressive cancers. 
Although surgical resection, chemotherapy and radiation have 
been used to treat patients with HCC, the strong invasive and 
metastatic properties of HCC result in a high incidence of 
recurrence, metastasis and poor survival for patients (1‑4,27). 
Thus, there is a pressing need to reveal the molecular mecha‑
nisms of HCC to develop novel therapeutic strategies for 
treating this disease.

Initiation and progression of HCC have been demonstrated to 
involve the dysregulation of various genes and miRNAs (28,29). 
The human IFITM protein family, including IFITM1 (also 

named 9‑27), IFITM2 (also named 1‑8D), and IFITM3 (also 
named 1‑8U), initially received attention because human 
IFITM3 was found to limit influenza A virus (IAV) infection in 
cultured cells. Then, they were identified as antiviral factors and 
possess antiviral activities that limit the infection of cultured 
cells by many viruses (7,9,30). However, recently, accumulating 
evidence has shown that aberrant expression of IFITM3 is 
associated with the progression of various cancers. For example, 
Li et al (10) revealed that IFITM3 was expressed at higher 
levels in colon cancer and played a critical role in its progres‑
sion and metastasis. The study of Andreu et al (11) confirmed 
that IFITM3 gene expression was significantly upregulated in 
colorectal tumors and could be rapidly induced after activation 

Figure 5. IFITM3 is the targeting gene of miR‑29a. (A and b) Western blot analysis screened 14 candidate miRNAs and indicated that miR‑29a could mark‑
edly suppress the protein expression of IFITM3 in HCCLM3 cells. (C) The 3'‑UTR of IFITM3 contained a binding site for miR‑29a. (D) Dual‑Luciferase 
reporter gene assay revealed that miR‑29a mimics could reduce the luciferase activities of IFITM3‑WT reporter vector rather than IFITM3‑MUT, indi‑
cating that IFITM3 was the targeting gene of miR‑29a. **P<0.01. N.S., non‑significant; WT, wild‑type; MUT, mutant type; IFITM3, interferon‑induced 
transmembrane protein 3.
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of the β‑catenin signaling pathway. bing et al (12) also demon‑
strated that IFITM3 played an important role in glioma cell 
growth and migration and was associated with tumorigenesis. 
In addition, overexpression of IFITM3 in gastric cancer has 
been observed and related to tumor metastasis (31). For patients 
with esophageal squamous cell carcinoma, overexpression of 
IFITM3 indicated a high risk of lymphatic metastatic recur‑
rence after Ivor‑Lewis esophagectomy (32). breast cancer cell 
growth and colony formation could be suppressed through the 
downregulation of IFITM3 expression (33).

To date, however, the expression and potential biological 
function of IFITM3 in HCC have not been elucidated. The 
present study revealed that IFITM3 expression was signifi‑
cantly increased in human HCC tissues and HCC cells. In 
addition, knockdown of IFITM3 inhibited migration, invasion 
and proliferation as well as promoted apoptosis of HCC cells. 
Furthermore, after upregulation of IFITM3, the invasion, 
migration and proliferation abilities of HL‑7702 cells were 
increased, but the apoptosis rate was decreased. These results 
indicated that IFITM3 plays important roles in the tumori‑
genesis and development of HCC. However, the upstream 
molecular mechanism remains unclear.

miRNAs are a class of endogenous ~22 nucleotide RNAs 
that have central roles in gene regulatory networks. Generally, 
miRNAs control gene expression by regulating the mRNA or 
translation of target genes (34). miRNAs always play impor‑
tant roles in various biological and pathological processes of 
HCC. Thus, we focused on the post‑transcriptional regula‑
tion of IFITM3 and investigated the effects of miRNAs on 
IFITM3. Therefore, we employed two bioinformatics analysis 
websites to predict the potential miRNAs targeting the 3'UTR 
of IFITM3 mRNA. Initially, 14 candidate miRNAs (miR‑15a, 
miR‑15b, miR‑16, miR‑29a, miR‑125a, miR‑195, miR‑221, 
miR‑424, miR‑486, miR‑497, miR‑552, miR‑1185, miR‑1207 
and miR‑1294) with good scores were selected for additional 
screening. Eventually, only miR‑29a was identified as a func‑
tional target gene of IFITM3 by using dual luciferase reporter 
gene assay and western blot analysis. Previously, some studies 
have already reported aberrant expression of miR‑29a in HCC 
that was associated with multiple processes involved in tumor 
progression. For example, the study of Zhu et al (20) noted that 
miR‑29a was downregulated in HCC and could suppress cell 
proliferation by targeting SPARC. Mahati et al (21) also reported 
that miR‑29a was downregulated in HCC and that it could 
suppress growth and migration of HCC by regulating CLDN1. 
Additionally, miR‑29a could also regulate TGF‑β‑induced 
EMT in HCC (22). However, the effect of miR‑29a on IFITM3 
remains to be established, and the biological significance of 
miR‑29a in HCC has not been fully elucidated.

In the present study, we investigated the effects of upregu‑
lated miR‑29a in HCC cells on the IFITM3 expression levels 
and on the biological behaviors of HCC cells. We found that 
IFITM3 protein expression was reduced after cells were trans‑
fected with miR‑29a mimics, indicating that miR‑29a could 
downregulate the expression of IFITM3. The results also indi‑
cated that the invasion, migration and proliferation capabilities 
of HCC cells were suppressed and the apoptosis rate was 
increased after miR‑29a upregulation, which were consistent 
with the effects of IFITM3 knockdown. The results provided 
further evidence that IFITM3 is the target of miR‑29a.

Our results also revealed that the level of miR‑29a was 
significantly upregulated in HCC tissues and was negatively 
correlated with IFITM3 expression. Furthermore, the overall 
survival rate of HCC patients was significantly decreased 
in patients with IFITM3 overexpression and miR‑29a 
non‑overexpression, indicating that they were related to poor 
prognosis. Moreover, IFITM3 overexpression and miR‑29a 
non‑overexpression were both closely correlated with tumor 
size, tumor multifocal and venous invasion, which are always 
associated with tumor growth and metastasis. In general, 
multifocal HCC can be caused by two distinct biological 
processes. One is intrahepatic metastasis (IM) which repre‑
sents that a primary lesion occurs firstly and then spreads to 
additional locations in the liver. The other one is multicentric 
carcinogenesis (MC) which represents multiple lesions that 
occur independently due to underlying pathogenesis (35). The 
results indicated that miR‑29a and IFITM3 may be involved in 
the progression of HCC carcinogenesis. Therefore, HCC with 
miR‑29a non‑overexpression and IFITM3 overexpression may 
be more invasive with higher malignancy, and patients may be 
more inclined to tumor multifocal and intrahepatic recurrence.

In summary, the results of the present study collectively 
indicated that miR‑29a suppressed migration, invasion, and 
proliferation as well as promoted apoptosis of HCC via IFITM3. 
Thus, IFITM3 was identified as a novel target of miR‑29a. These 
data laid the foundation for using miR‑29a and IFITM3 regula‑
tory pathways for the diagnosis and  treatment of HCC patients.
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