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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the role of miR-16-5p in hepa-
tocellular carcinoma (HCC), and to explore the 
possible underlying mechanism.

PATIENTS AND METHODS: 100 pairs of can-
cerous and para-cancerous tissues surgical-
ly removed in our hospital were collected. Re-
al Time quantitative-Polymerase Chain Reaction 
(qRT-PCR) was used to detect the expression 
level of miR-16-5p in tissues. Bioinformatics and 
Dual-Luciferase reporter gene assay were used 
to screen and verify the potential target genes 
of miR-16-5p, respectively. Human HCC SM-
MC-7721 cells were used for functional experi-
ments. Cell proliferation was detected by MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide) assay. Cell invasion and mi-
gration were evaluated by transwell and scratch 
wound-healing assay, respectively. The protein 
expression levels of epithelial-mesenchymal 
transition (EMT) associated markers were mea-
sured by Western blot (WB) assay.

RESULTS: QRT-PCR showed that miR-16-5p 
expression in HCC tissues was significantly low-
er than that of adjacent normal liver tissues. At 
the cellular level, miR-16-5p was lowly expressed 
in HCC cells (SMMC-7721). Bioinformatics web-
sites (including Targetscan, PicTar, miRanda) 
predicted that insulin-like growth factor 1 recep-
tor (IGF1R) was a potential target gene of miR-
16-5p. Meanwhile, IGF1R was selected for fur-
ther investigation due to its metastatic function. 
The results showed that no significant differ-
ence was found in the mRNA expression level of 
IGF1R in HCC tissues. However, the protein level 
of IGF1R was significantly up-regulated, which 
was negatively correlated with miR-16-5p. Com-
bined with Dual-Luciferase reporter gene assay, 
it was confirmed that miR-16-5p could regulate 

the expression of IGF1R in a targeted manner. 
Furthermore, down-regulation of IGF1R signifi-
cantly reduced the inhibitory effect of miR-16-
5p on the proliferation and metastasis of SM-
MC-7721 cells.

CONCLUSIONS: We showed that miR-16-
5p suppressed invasion and migration of HCC 
cells, mechanically by directly targeting and in-
hibiting IGF1R protein expression. The newly 
identified miR-16-5p/IGF1R axis might provide 
new insights into the pathogenesis of HCC and 
novel potential therapeutic targets for the treat-
ment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a com-
mon malignant tumor in China, whose mortality 
rate ranks second among all malignant tumors. 
Approximately 250,000 people die from HCC 
every year in the world, of which 45% are from 
China1. Despite continuous improvement in the 
medical level and prognosis of HCC in recent 
years, the 5-year survival rate of HCC patients is 
only 30-50% around the world. Meanwhile, the 
prognosis is far from satisfactory2. Currently, 
radiotherapy and chemotherapy assisted surgi-
cal resection is widely used in the treatment of 
HCC. This method can inhibit tumor growth and 
metastasis to a certain degree; however, it is far 
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from solving the problem of tumor recurrence3. 
In recent years, the research and development 
of targeted drugs for HCC has gradually beco-
me a hotspot. HCC is a multi-factor, multi-sta-
ge and multi-gene heterogeneous disease. Mo-
reover, the incidence and development of HCC 
are accompanied by a complex gene regulatory 
network. This leads to poor targeting of anti-tu-
mor drugs currently4. Therefore, clarifying the 
underlying molecular mechanism of HCC has 
important scientific significance and clinical 
value for exploring new diagnostic and thera-
peutic targets. Micro-ribonucleic acid (miRNA) 
family members lin-45 and let-76 were discove-
red in nematode in 1993 and 2000, respectively. 
Due to the ability to regulate gene expression 
at the post-transcriptional level, miRNAs have 
attracted increasingly more attention. Meanwhi-
le, they can explain the inconsistency betwe-
en gene transcriptional level and protein level. 
With the development of high-throughput gene 
sequencing technique, more and more miRNAs 
have been found in animals and plants. At the 
same time, the functions of miRNAs have been 
identified. It has been found that miRNAs are 
involved in the incidence and development of a 
variety of diseases7-10. Furthermore, the research 
on miRNAs in malignancies has quickly beco-
me a hotspot11-14. The role of miRNA in cancer 
has been studied in a large number of  works 
through functional gain and loss. For example, 
the deleted expression of miR-15a/16-1 cluster in 
chronic lymphocytic leukemia has been reported 
previously, thus promoting tumor development15. 
MiR-494 has been found to have a cancer-inhibi-
ting effect on ovarian cancer. Meanwhile, it has 
the ability in regulating fibroblast growth fac-
tor receptor 2 (FGFR2)16. These studies provide 
considerable evidence for extending people’s 
understanding of the pathogenesis of cancer. Mi-
croRNA-16-5p (MiR-16-5p) is an important com-
ponent of the microRNA regulatory network. Its 
strong inhibitory effect on the development of 
breast cancer has been widely reported17-20. Mo-
reover, miR-16-5p also plays an important role in 
other malignant tumors, including gastric can-
cer21, osteosarcoma22 and chordoma23. However, 
no reports have investigated the role of miR-16-
5p in HCC. In this work, we first detected the 
expression of miR-16-5p in HCC, and further 
studied the role of miR-16-5p in HCC cells. Our 
study might provide new suggestions and theo-
retical basis for clinical treatment and prevention 
of HCC.

Patients and Methods

Tissue Samples and Cell Lines
From July 2015 to September 2017, 100 patients 

pathologically diagnosed with HCC in our hospital 
were enrolled. Meanwhile, 100 pairs of carcino-
ma tissues and para-carcinoma tissues surgically 
resected were collected. Signed informed consent 
was obtained from each subject before the study. 
No patient received radiotherapy, chemotherapy 
and other adjuvant therapies before the operation. 
This study was approved by the Ethics Committee 
of Shanghai Pudong New Area People’s Hospital. 
Human HCC cell line SMMC-7721 and normal 
liver cell line HL-7702 were purchased from the 
Shanghai Institute of Biochemistry and Cell Bio-
logy, Chinese Academy of Sciences (Shanghai, 
China). After resuscitation using the conventional 
method, SMMC7721 cells were cultured in Dul-
becco’s Modified Eagle Medium (DMEM) (Gibco, 
Grand Island, NY, USA) containing 10% fetal bo-
vine serum (FBS) (Gibco, Grand Island, NY, USA) 
in a 5% CO2, 37°C incubator.

Determination of Target Gene
Bioinformatics prediction software [miR-

Base (http://www.mirbase.org/), TargetScan 
(http://www.targetscan.org/) and PicTar (http://
pictar.mdc-berlin.de/)] predicted that insulin-like 
growth factor 1 receptor (IGF1R) was a down-
stream target gene of miR-16-5p. Meanwhile, it 
had a binding site at the 3’-untranslated region 
(UTR). Dual-Luciferase reporter gene assay: 
construction of the Luciferase reporter plasmid 
for 3’- UTR of IGF1R: the 3’-UTR fragment of 
IGF1R containing a seed sequence of miR-16-5p 
was cloned from genomic DNA. Subsequently, it 
was inserted into the downstream of firefly Lu-
ciferase reporter gene plasmid PGL-3, namely 
wild-type (WT) gene (IGF1R-3’-UTR-WT). At 
the same time, the 3’-UTR site-directed mutation 
was performed for a seed sequence of miR-16-
5p using the QuickChangeTM site-directed muta-
tion kit (StrataGene, La Jolla, CA, USA), namely 
mutant-type (MT) gene (IGF1R-3’-UTR-MT). 
SMMC-7721 cells were first inoculated into 48-
well plates. Subsequently, the cells were incuba-
ted with miR-16-5p mimics or NC for 6 h. Next, 
they were transfected with the 3’-UTR firefly 
Luciferase reporter plasmid and internal control 
plasmid pRLCMV containing Renilla Lucifera-
se reporter gene for 48 h. The firefly Luciferase 
signal was measured. Finally, the binding effect 
of miR-16-5p to IGF1R mRNA 3’-UTR was eva-
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luated by the ratio of firefly Luciferase activity to 
Renilla Luciferase activity. 

Cell Transfection
When the density of the cells was about 80%, 

they were digested with 0.25% trypsin, passa-
ged and inoculated into 6-well plates (1×105/
well). When the cell density was about 70-80%, 
the original medium was replaced by serum-free 
medium. SMMC7721 cells were transfected with 
miR-16-5p mimics, NC and LV-IGF1R according 
to the instructions of LipofectamineTM 3000 (In-
vitrogen, Carlsbad, CA, USA). After 48 h, the 
expression level of miR-16-5p in SMMC7721 cel-
ls was detected via Real Time quantitative-Poly-
merase Chain Reaction (qRT-PCR).

QRT-PCR Analysis
The expression levels of miR-16-5p and IGF1R 

in tissues or cells were detected via qRT-PCR. 
Total RNA was extracted from tissues or cells in 
strict accordance with TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). The purity and concentra-
tion of extracted RNA were detected using an ul-
traviolet spectrophotometer. 10 ng total RNA was 
taken from each specimen, and complementary 
deoxyribonucleic acid (cDNA) was synthesized 
according to the instructions of One Step Prime-
Script cDNA Synthesis Kit (TaKaRa, Otsu, Shi-
ga, Japan). Subsequently, 2 μL cDNA was taken 
for qRT-PCR according to the instructions of One 
Step SYBR PrimeScriptTM RT-PCR Kit (TaKa-
Ra, Otsu, Shiga, Japan). U6 and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) were used 
as internal references for miR-16-5p and IGF1R, 
respectively. The relative expression level of the 
gene was calculated by the 2-∆∆Ct method. Primer 
sequences used in this study were as follows: miR-
16-5p, F: 5’-CTTAAGAACCCTCCTTACTC-3’, R: 
5’-AAGCTACCCTAGGGGAAGGA-3’; IGF1R, 
F: 5’-CCAATGTAAACATCCTCGACTG-3’, 
R: 5’-GGTTGTGTCGTGGAGTCG-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, 
R: 5’-CGCTTCAGAATTTGCGTGTCAT-3’; 
GAPDH: F: 5’-CGCTCTCTGCTCCTCCT-
GTTC-3’, R: 5’-ATCCGTTGACTCCGACCT-
TCAC-3’.

Western Blot (WB) Analysis
48 h after transfection, the cells in each group 

were collected, and 200 μL protein lysis buffer 
was added for total protein extraction. The pro-
tein concentration was detected using bicincho-
ninic acid (BCA) method (Pierce, Rockford, IL, 

USA). The amount of extracted protein in each 
group was 20 μg. The protein samples were 
mixed evenly with loading buffer and were boiled 
in boiling water for 10 min for protein denatura-
tion. After separating by sodium dodecyl sulfa-
te-polyacrylamide gel electrophoresis (SDS-PA-
GE) under a constant voltage, the proteins on the 
gel were transferred onto polyvinylidene difluori-
de (PVDF) membranes (Millipore, Billerica, MA, 
USA) using the wet transfer method. After sealing 
with 5% bovine serum albumin and vibrated on a 
shaking table for 2 h, the PVDF membranes were 
washed with Tris-Buffered Saline and Tween-20 
(TBST) 3 times. Then the membranes were incu-
bated with primary antibodies (1:1000) of β-actin 
and IGF1R at 4°C overnight. After washing again 
with TBST 3 times, the membranes were incu-
bated with secondary antibody (1:5000) at room 
temperature for 1 h. After that, the membranes 
were washed with TBST 3 times. Immunoreacti-
ve bands were developed by the electrochemi-
luminescence (ECL) developer (Thermo Fisher 
Scientific, Waltham, MA, USA), followed by ob-
servation and photography using the gel imaging 
device. Finally, the protein expression level was 
expressed as the ratio of optical density target 
protein/optical density GAPDH.

Cell Proliferation 
SMMC7721 cells in logarithmic growth phase 

were first inoculated into 96-well plates at a den-
sity of 5.0×103 cells/well. MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 
assay (Sigma-Aldrich, St. Louis, MO, USA) was 
performed at 24, 48, 72, 96 and 120 h after tran-
sfection. Briefly, 4 μL MTT solution was added in 
each well, followed by incubation for another 4 h. 
After the addition of 150 μL dimethyl sulfoxide 
(DMSO) (Sigma-Aldrich, St. Louis, MO, USA) 
in each well, the absorbance at the wavelength of 
490 nm was measured by a microplate reader.

Transwell Assay 
50-100 μL Matrigel (BD Biosciences, Franklin 

Lakes, NJ, USA) diluent (1:20) was first evenly 
coated onto the basement membrane covering 
the bottom of chamber and air dried at 4°C. Then 
100 μL Roswell Park Memorial Institute-1640 
(RPMI-1640) culture medium (HyClone, South 
Logan, UT, USA) was added into each transwell 
chamber to hydrate the basement membrane, 
followed by standing at 37°C for 1 h. After tran-
sfection, the cells in each group were collected, 
washed with serum-free medium, digested with 
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0.25% trypsin and centrifuged at 1200 rpm for 
5 min. Then the cells were re-suspended with 
RPMI-1640 medium containing 1% FBS to make 
a final concentration of 1×105 cells/mL. The liquid 
in the upper transwell chamber was discarded and 
900 μL RPMI-1640 medium containing 10% FBS 
was added into the lower chamber. Meanwhile, 
200 μL cell suspension were added into the upper 
chamber (about 1×105 cells/chamber). After routi-
ne culture for 24-48 h, the transwell chamber was 
removed, washed with phosphate-buffered saline 
(PBS) and fixed with 4% paraformaldehyde for 30 
min. After the bottom membrane of the chamber 
was air dried, the transwell chamber was stained 
with crystal violet for 20 min. The cells were ob-
served and photographed under an optical micro-
scope. 5 visual fields were randomly selected for 
counting in each group.

Wound Healing Assay 
HCC cells were first inoculated into 6-well pla-

tes. When the fusion degree of cells grew to 90%, 
200 μL sterile pipette tip was used to sterilize the 
vertical scratch. The initial scratch distance was 
measured under a microscope. After incubation 
for 48 h, the scratch distance was measured and 
the cell mobility was calculated.

Statistical Analysis
Statistical analysis was performed with Stu-

dent’s t-test or F-test. All p-values were two-sided, 

and p<0.05 were considered statistically signi-
ficant. Prism 6.02 software (La Jolla, CA, USA) 
was used for all statistical analyses. All data were 
presented as means ± standard deviations.

Results

Abnormal Expression of MiR-16-5p in 
HCC Cases and Cells

The basis of our study was the discovery of 
aberrantly expressed miRNAs in clinical sam-
ples of HCC. We found that miR-16-5p was 
lowly expressed in 100 HCC tissue samples. The 
expression of miR-16-5p in normal liver tissues 
was approximately three times higher than that of 
the HCC tissues (Figure 1A). The above results 
aroused our interest. To further explain, we de-
tected the expression of miR-16-5p in HCC cells 
and normal liver cells by qRT-PCR. As expected, 
the expression of miR-16-5p in HCC cells was 
also significantly lower than that of normal liver 
cells (Figure 1B).

IGF1R Was a Potential Target Gene 
of MiR-16-5p

The possible targets of miR-16-5p were predi-
cted by miRBase, TargetScan and PicTar online 
websites. It was found that IGF1R was a poten-
tial recognition and binding target of miR-16-5p 
(Figure 2A). In view of this, we used qRT-PCR 

Figure 1. The expressions of miR-16-5p in HCC tissue samples and cells. A, Difference in the expression of miR-16-5p betwe-
en HCC tissues and adjacent normal tissues (***p<0.001). B, The expression of miR-16-5p in HCC cell lines (SMMC7721) and 
normal liver cell lines (HL-7702) (*p<0.05).
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and WB assay to detect the mRNA and protein 
expressions of IGF1R in HCC tissues and adja-
cent normal tissues, respectively. Interestingly, 
significant differences were found in the protein 
expression level, whereas no significant differen-
ce was found in mRNA expression level (Figure 
2B). This powerful evidence indicated that the 
regulation of IGF1R expression was mediated by 
post-transcriptional regulation. Dual-Luciferase 
reporter gene assay demonstrated that miR-16-5p 
remarkably inhibited the Luciferase activity in 
cells transfected with IGF1R-3’-UTR-WT. Howe-
ver, it had no significant effect on the Luciferase 
activity in cells transfected with IGF1R-3’-UTR-
MT (Figure 2C). The results indicated that IGF1R 
was negatively regulated by miR-16-5p in HCC, 
which functioned as a target of miRNA-16-5p.

The Role of MiR-16-5p/IGF1R in HCC Cell 
Function

Three different groups were established in cell 
function experiments, including miR-NC group 

(negative control), miR-16-5p mimics group 
(SMMC7721 cells transfected with miR-16-5p 
mimics) and miR-16-5p mimics+IGF1R group 
(SMMC7721 cells transfected with miR-16-5p 
mimics and LV-IGF1R). Consistent with clinical 
trial results, the protein expression of IGF1R was 
significantly reduced in HCC cells overexpressing 
miR-16-5p (Figure 3A). This also confirmed the 
negative regulation of miR-16-5p on IGF1R at the 
cellular level. MTT results indicated that the tran-
sfection of miR-16-5p mimics could significantly 
inhibit the proliferation of HCC cells. However, 
the proliferative capacity of HCC has remarkably 
increased again after up-regulating the expression 
of IGF1R (Figure 3B). The impacts of miR-16-5p 
on the migration and invasion of SMMC7721 
cells were examined by wound-healing and tran-
swell assay, respectively. As shown in Figure 
4A, miR-16-5p mimics transfection significantly 
reduced the invasion and migration abilities of 
HCC cells. Subsequently, we detected changes in 
the expression of epithelial-mesenchymal tran-

Figure 2. IGF1R was a direct and functional target of miR-16-5p. A, Diagram of putative miR-16-5p binding sites of IGF1R. 
B, The mRNA and protein expressions of IGF1R in HCC tissues and adjacent normal tissues were detected by WB and qRT-
PCR assay (*p<0.05). C, Relative activities of Luciferase reporters (**p<0.01).

Figure 3. A, MiR-16-5p decreased the protein expression level of IGF1R (**p<0.01 vs. NC group; #p<0.05 vs. miR-16-5p 
Mimics group). B, MiR-16-5p blocked the proliferation of HCC cells (*p<0.05).
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sm of differentially-expressed miRNAs in HCC 
samples is of great scientific significance in clari-
fying molecular mechanism of the HCC develop-
ment and investigating new therapeutic targets. 
In recent years, it has been found that miR-16-5p 
plays an important role in regulating the mali-
gnant biological phenotypes of various diseases. 
It is also considered as a potential diagnostic and 
therapeutic target17,27-29. However, the role of miR-
16-5p in HCC has not been reported. In this study, 
the expression of miR-16-5p in 100 pairs of HCC 
and para-carcinoma tissues was detected. QRT-
PCR results found that miR-16-5p expression was 
significantly inhibited in HCC tissues. MiRNA 
regulatory networks are extremely complex. The 
expression of multiple genes can be regulated by 
a single miRNA. Simultaneously, different miR-
NAs can also co-regulate a single target gene. 
These complicated regulatory networks are in-
volved in the regulation of various biological 
behaviors of tumor cells11,30. Therefore, searching 
for specific regulatory targets in diseases has be-
come a key part of research on miRNA. In our 
study, bioinformatics predicted that IGF1R gene 
had a targeted sequence matching miR-16-5p in 
the segment 1269-1275. IGF1R is a transmembra-
ne protein, as well as a tyrosine kinase receptor. 
IGF1R is activated by two ligands, namely IGF1 
and IGF2. IGF1R is lowly or not expressed in 
normal tissues, whereas is highly expressed in 
tumor tissues. Besides, the abnormal expression 
of IGF1R may activate the activity of multiple 
downstream signal transduction pathways, such 

sition (EMT)-related proteins. The results found 
that EMT was also inhibited in miR-16-5p mimi-
cs group. However, after the expression of IGF1R 
was restored, the metastatic ability of HCC cells 
also correspondingly recovered (Figure 4B).

Discussion 

Tumor is a kind of heterogeneous disease in-
volving multiple gene mutations and stages. The 
molecular mechanism is very complex and re-
mains unclear. A large number of non-coding ge-
nes in the human genome, and non-coding RNAs 
transcribed by them were initially considered to 
have no biological functions. In recent years, it 
has been gradually demonstrated that non-co-
ding RNAs play important roles in regulating 
the occurrence and development of malignant 
tumors. Therefore, deeply studying the molecu-
lar function and mechanism is helpful to further 
understand the complexity of gene regulation 
in the tumorigenic mechanism. It also has some 
certain important scientific values in searching 
for effective molecular diagnosis, treatment and 
prognosis. MiRNA is an important member of 
non-coding RNAs. Previous studies have indica-
ted that miRNAs can regulate the occurrence and 
development of tumor by negative regulation of 
cancer-related gene expression. Meanwhile, it is 
also considered as a potential molecular target for 
the diagnosis and treatment of tumor24-26. There-
fore, further exploring the function and mechani-

Figure 4. MiR-16-5p/IGF1R axis inhibited the invasion and migration of HCC cells. A, The migration and invasion of HCC 
cells were detected by wound-healing assay and transwell assay, respectively (**p<0.01, ***p<0.001 vs. NC group; ##p<0.01 vs. 
miR-16-5p Mimics group). B, The epithelial-mesenchymal transition (EMT) of HCC cells. The expression levels of EMT markers 
after transfection were detected by WB assay (*p<0.05, **p<0.01 vs. NC group; #p<0.05, ##p<0.01 vs. miR-16-5p Mimics group).
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as phosphatidylinositol 3-hydroxy kinase (PI3K)/
protein kinase B (Akt), mitogen-activated protein 
kinase (MAPK)/extracellular signal-regulated ki-
nase (ERK), EP2/EP4 and RAS/RAF/ERK signal 
transduction pathways31-33. This may eventually 
regulate the proliferation and apoptosis of various 
malignant tumor cells, promote EMT and partici-
pate in cell migration and invasion34-37. However, 
a few researches have focused on the regulatory 
effects of IGF1R on the migration and invasion 
of HCC cells. Currently, no significant difference 
was found in the mRNA level of IGF1R in HCC. 
However, the protein level of IGF1R in HCC 
was significantly upregulated. This suggested 
that IGF1R up-regulation in HCC was mediated 
by post-transcriptional regulation. Meanwhile, 
IGF1R had a significant negative correlation with 
miR-16-5p. Combined with the Luciferase repor-
ter assay, it was confirmed that miR-16-5p could 
regulate the expression of IGF1R in a targeted 
manner. These results all demonstrated that miR-
16-5p was a major factor for post-transcriptional 
regulation of IGF1R. The epithelial-mesenchymal 
transition (EMT) is a process by which epithelial 
cells lose their cell polarity and cell-cell adhesion, 
and gain migratory and invasive properties to be-
come mesenchymal stem cells; these are multipo-
tent stromal cells that can differentiate into a va-
riety of cell types. EMT is essential for numerous 
developmental processes including mesoderm 
formation and neural tube formation. EMT has 
also been shown to occur in wound healing, organ 
fibrosis and in the initiation of metastasis in can-
cer progression. Invasion and migration are im-
portant factors affecting the prognosis of tumor 
patients38,39. EMT is an important mechanism of 
tumor cell invasion and migration; it especially 
plays a vital role in the initiation of metastasis40,41. 
In EMT, the morphology and phenotype of epi-
thelial cells are transformed into mesenchymal 
cells. Their epithelial marker E-cadherin expres-
sion is lowered, and mesenchyme markers N-ca-
dherin and Vimentin are increased. In this study, 
we used a series of functional experiments to eva-
luate the invasion and migration abilities of HCC 
cells. The results showed that after the up-regu-
lation of IGF1R in HCC cells, the invasion and 
migration of HCC cells were significantly inhibi-
ted. Furthermore, even EMT suppression by miR-
16-5p was remarkably weakened. Nowadays, the 
function of miRNAs as well as their target genes 
has great potential to become new targets and di-
rections for the treatment of HCC. Our findings 
may also provide a new target for HCC treatment.

Conclusions

We showed that miR-16-5p suppressed the in-
vasion and migration of HCC cells, mechanically 
by directly targeting and inhibiting IGF1R pro-
tein expression. The newly identified miR-16-5p/
IGF1R axis provided new insights into the patho-
genesis of HCC, and might become a novel poten-
tial therapeutic target for the treatment of HCC.
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