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Abstract. MicroRNAs (miRNAs) have been proven to have 
important effects on the proliferation and metastasis of 
multiple cancers, including hepatocellular carcinoma (HCC). 
In the present study, our aim was to explore the biological 
function of miR-106b in HCC cell proliferation and metastasis. 
qPCR analysis showed that miR-106b was expressed at higher 
levels, while disabled homolog 2 (DAB2) was expressed at 
lower levels in HCC tissues and cells. Moreover, the aberrant 
miR-106b expression in HCC affected the cell proliferative 
and migratory ability by MTT and Transwell assay. DAB2 was 
identified as a specific target of miR-106b in HCC by lucif-
erase reporter assay and regression analysis showed a negative 
correlation between DAB2 and miR-106b expression. In addi-
tion, DAB2 may attenuate the miR-106b promotion effect on 
HCC cell proliferation and migration. In short, miR-106b may 
promote HCC cell proliferation and migration by targeting 
DAB2.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors and can be divided into two major categories: 
Primary and secondary. Primary liver malignancy is a malig-
nant tumor which life-threatening and has a high mortality 
rate in China (1,2). At present, the major treatments for HCC 
are surgical resection, chemotherapy, radiation therapy and 
gene therapy (3,4). Although there are obvious improvements 
in the diagnostic approach and treatment of HCC, the curative 
ratio remains low. Thus, identifying treatment strategies and 
gaining an understanding of the underlying mechanism of 
HCC progression is required.

miRNAs inhibit the expression of protein coding genes by 
partially binding the 3'-UTR mRNA (5). Mounting evidence 
has shown that miRNA maladjustment is involved in the 

progression of many tumor diseases (6-8), including breast, 
prostate and lung cancers as well as HCC. For instance, 
miR-196b upregulated HCC cell invasion and migration by 
binding to the 3'-UTR of FOXP2 (9). Xue and Tian concluded 
that the miR-429/RAB23 axis provided a potential target 
for treating HCC (10). miR-3613 and miR-1271 affected cell 
proliferation and cycle of HCC via their target genes (11,12).

The deregulated expression of miR-106b plays an 
abnormal role in regulating the development of various 
cancers (13,14). miR-106b was found to be expressed at a 
lower level in osteosarcoma cells and target HMGA2 to inhibit 
the cell progression (15). However, Zhang et al provided 
evidence that miR-106b was upregulated in colorectal cancer 
and promoted cell invasion and migration by targeting 
DLC1 (16). Furthermore, a recent study has shown that in 
the progression of cervical cancer, DAB2 was confirmed as 
a target of miR-106b (17). Another recent study showed that 
miRNA-106b expression was markedly increased and regu-
lated HCC development by targeting mRNA (18,19). However, 
whether miR-106b targeted DAB2 in the regulation of HCC 
progression has yet to be reported.

Disabled homolog 2 (DAB2) is a member of the disable 
gene family. DAB2/DOC-2 has been proven to function as 
a new tumor suppressor that plays an important role in the 
occurrence and development of tumors (20,21). A previous 
study reported that DAB2 was downregulated in ovarian 
cancer (21). Subsequently, a lower DAB2 expression was 
detected and cell development was regulated in various types 
of cancer, including breast (22), prostate (23), and non-small 
lung cancer (24), nasopharyngeal (25) and esophageal 
squamous cell carcinoma (26). Previous findings have shown 
that DAB2 expression is decreased in HCC cells (27,28) and 
regulates the progression of HCC. However, the biological 
mechanism of DAB2 in HCC cells regulated by miR-106b has 
not been reported yet.

In the present study, to the best of our knowledge, we 
showed for the first time that, DAB2 acted as a specific target 
of miR-106b and confirmed the promotion effect of miR-106b 
in regulating HCC cell proliferation and migration. miR-18a 
was overexpressed in HCC, whereas DAB2 was expressed at 
a lower level in HCC and miR-106b expression was negatively 
associated with DAB2 expression. The data suggested that 
miR-106b may promote HCC cell viability and migration 
via inhibiting DAB2. This mechanism provides a therapeutic 
strategy for treating HCC.
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Materials and methods

Specimens and cells culture. We collected 50 HCC samples 
from patients who underwent complete surgery at The Third 
People's Hospital of Qingdao (Qingdao, China) from July, 2013 
to September, 2017. The samples were immediately placed in 
a liquid nitrogen tank and stored in a refrigerator at -80˚C. 
Written informed consent was signed by all the patients and 
the study was approved by the Ethics Committee of The Third 
People's Hospital of Qingdao.

We purchased the HCC cell lines (Hep3B, Huh7 and 
Bel-7402) and normal liver cell L02 from the Cell Bank of 
Chinese Academy of Sciences (Shanghai, China). The cell lines 
were cultured in Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum, penicillin (100 U/ml) and 
streptomycin (100 µg/ml). Subsequently, the cells were main-
tained in an incubator at 37˚C under a 5% CO2 atmosphere.

qPCR. Total RNA was isolated from HCC tissues and cells by 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). miR-106b expression was detected by miRNA 
First-Strand Synthesis and miRNA Quantitation kits (Takara 
Biotechnology Co., Ltd., Dalian, China). DAB2 was examined 
by CellAmp™ Direct Prep kit for RT-PCR and Protein 
Analysis (Takara Biotechnology Co., Ltd.). Primer sequences 
used were: miR-106b-F: CTTCCTGTCATAAAGTGCTGAC 
AGTGCAGATCTGCAGTCTGGAGTTTCA, miR-106b-R: 
TGACAGGAAGTAAAGTGCTGACAGTGCAGATCGAGA 
TCTTGGGCCTCT. DAB2-F: GTAGAAACAAGTGCAACC 
AATGG, DAB2-R: GCCTTTGAACCTTGCTAAGAGA. 
U6-F: CTCGCTTCGGCAGCACA. U6-R: AACGCTTCAC 
GAATTTGCGT. GAPDH-F: TGGTATCGTGGAAGGA 
CTC, GAPDH-R: AGTAGAGGCAGGGATGATG. U6 and 
GAPDH were used as the internal references to standardize 
the miR-106b and DAB2 relative expression respectively. The 
2-ΔΔCq method was used to detect the differential expression of 
miR-106b and DAB2.

Western blot analysis. After transfection for 48 h, RIPA 
lysis containing proteinase inhibitors (Beyotime Institute of 
Biotechnology, Haimen, China) and phenylmethylsulfonyl fluo-
ride were used to extract the total protein from HCC cells. The 
protein concentrations were tested with the BCA protein assay kit 
(Beyotime Institute of Biotechnology). The total proteins (50 µg) 
were added into the SDS-PAGE gels and performed electropho-
resis at 60 V when bromophenol blue ran out from the bottom. 
The proteins were then transferred to nitrocellulose filter (NC) 
membranes. Then, skimmed milk (5-10%) was used to block 
the proteins on the membranes at room temperature for 2 h. 
Subsequently, the membranes were incubated with the primary 
antibody: Rabbit polyclonal anti-DAB2 (ab76253; 1:1,000; 
Abcam, Cambridge, MA, USA) were added in to incubate the 
samples at 4˚C, and then horseradish peroxidase-conjugated 
(HRP, 1:10,000). GAPDH primary antibody (5174P; 1:5,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA) was chosen 
as the internal reference. After being washed three times with 1X 
TBST, they were incubated with secondary antibody goat anti-
rabbit IgG-HRP (sc-2,004; 1:3,000; Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA) at room temperature for 2 h. Protein 

bands were detected using the chemiluminescence method 
(ECL; Millipore, Billerica, MA, USA).

Cell transfection. We purchased miR-106b mimic and 
inhibitor from GenePharma Co., Ltd. (Suzhou, China) and 
DAB2 vector from Shanghai Genechem Co., Ltd. (Shanghai, 
China). Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to transfect miR-106b mimic, 
miR-106b inhibitor, DAB2 vector or both DAB2 vector and 
miR-106b mimic, respectively, into Hep3B cells following the 
manufacturer's protocol.

MTT assay. An MTT assay was carried out to examine 
cell viability to determine HCC cell proliferation. The cells 
(5x103 cells/ml) treated with different transfection were planted 
in 96-well plates and incubated for 48 h at 37˚C with 5% CO2. 
Then, we added MTT reagent (20 ml) to each well at 0, 1, 2, 3 
and 4 days followed by incubation for another 4 h. Dimethyl 
sulfoxide (150 ml) was added to dissolve the crystallization. 
The absorbance value of cells was measured at 490 nm using 
enzyme-linked immunoassay.

Transwell assay. Cell migration was performed using the 
Transwell assay. A Transwell chamber with 8 µm pore size 
polycarbonic membrane (CoStar Group, Inc., Washington, 
DC, USA) was placed into the 24-well plates to separate the 
upper and lower chambers. After transfection for 48 h, the 
cells were added into the upper chamber coated with gelatin 
and DMEM medium (600 ml) supplemented with 10% fetal 
bovine serum  was seeded in the lower chamber. Then, the 
cells in each well were incubated at 37˚C for 24 h. Cells 
migrating from the upper to the lower chamber were fixed with 
90% ethanol. Then, 0.05% crystal violet was added to stain 
the migrated cells for 15 min. Finally, cotton swab was used 
to gently scrape off the cells that did not migrate. Images of 
the migration cells were captured under a microscope (BX53; 
Olympus Corporation, Tokyo, Japan).

Luciferase assay. Relative luciferase ability was performed using 
the recombinant pMIR-reporter luciferase vector (Guangzhou 
RiboBio Co., Ltd., Guangzhou, China). A site-directed muta-
genesis kit (cat. no. 210518; Agilent Technologies, Inc., Santa 
Clara, CA, USA) was carried out to introduce the site-directed 
mutagenesis into the miR-106b binding site of DAB2 mRNA. 
The wild-type and mut-type miR-106b putative targets on DAB2 
3'-UTR mRNA were cloned into the downstream of pGL3 
luciferase vector (Promega Corporation, Madison, WI, USA). 
The HCC cells were transfected with miR-106b mimic using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). The Dual Luciferase Assay (Promega Corporation) was 
subsequently used to analyze the luciferase activity values.

Statistical analysis. All the experiments were repeated in 
triplicate. Data are expressed as mean ± SD. SPSS 19.0 
software (SPSS, Inc., Chicago, IL, USA). One-way ANOVA 
was used to perform the statistical analyses. The data were 
evaluated using the Student's t-test or Tukey's post-hoc test, 
with statistically significant difference considered as P<0.05. 
Correlation between mRNA and miRNA was estimated using 
the Spearman's correlation method.
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Results

miR-106b is overexpressed in HCC. To understand the role 
miR-106b played in HCC progression, we investigated 
miR-106b expression in HCC tissues and cells. Firstly, we 

examined the expression of miR-106b in HCC tissues. As 
shown in Fig. 1A, miR-106 expression was markedly higher in 
HCC tissues than that in the adjacent normal tissues. Secondly, 
we examined miR-106b expression in three HCC cell lines. As 
shown in Fig. 1B, miR-106b expression in HCC cells increased 

Figure 1. Increased expression of miR-106b in HCC. (A) Relative miR-106b mRNA expression tested in HCC and normal tissues by qPCR 
(***P<0.001 vs. normal). (B) Relative miR-106b mRNA expression tested in three HCC cell lines and normal L02 cells (*P<0.05, **P<0.01 vs. L02). HCC, 
hepatocellular carcinoma.

Figure 2. The promotion effect of miR-106b in HCC cell proliferation and migration. (A) Relative miR-106b expression checked by qPCR in Hep3B cell line 
after treatment with miR-106b mimic or inhibitor for 48 h. (B) Relative cell viability tested using MTT assays in Hep3B cell line after treatment with miR-106b 
mimic or inhibitor at 0, 1, 2, 3 and 4 days. (C) Relative cell migration tested using Transwell assay after treatment with miR-106b mimic or inhibitor for 48 h 
in Hep3B cell line (*P<0.05, **P<0.01 vs. control mimic; #P<0.05, ##P<0.01 vs. control inhibitor). HCC, hepatocellular carcinoma.
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in different degrees compared with the normal cells. Thus, 
miR-106b may function as a tumor promoter in regulating 
HCC development.

miR-106b promotes HCC cell proliferation and migration. 
We then examined the effect of miR-106b on HCC cell 
proliferation and migration. MTT and Transwell assays were 
performed to test the cell viability and relative cell migration 
in an HCC cell line (Hep3B). Firstly, we transfected Hep3B 
with miR-106b mimic or miR-106b inhibitor to overexpress or 
silence miR-106b. The transfection efficiency was detected by 
qPCR. As shown in Fig. 2A, miR-106b expression increased 
markedly in the miR-106b mimic group, but significantly 
decreased in the miR-106b inhibitor group. Secondly, MTT 
assay showed that the relative cell viability was obviously 
higher in Hep3B after treatment with miR-106b mimic, 
whereas it was lower in miR-106b inhibitor than in the control 

group (Fig. 2B). Finally, we used Transwell assay to detect the 
change in HCC cell migration. The results in Fig. 2C revealed 
that relative cell migration was significantly increased after 
the overexpression of miR-106b, while it was inhibited by 
miR-106b silencing. The above results clearly showed that 
miR-106b promotes the HCC development by enhancing cell 
proliferation and migration due to its high-level expression in 
HCC.

miR-106b specifically targets DAB2 in HCC. Previous studies 
have confirmed that DAB2 acts as a tumor suppressor in 
HCC (28). We predicted that DAB2 was a target of miR-106b in 
the regulation of HCC cells. We first used TargetScanHuman 7.1 
to validate this prediction. The binding sites of DAB2 and 
miR-106b are shown in Fig. 3A. A luciferase reporter assay was 
to detect the luciferase ability in two HCC cell lines to further 
determine the accuracy of this prediction. It was found that the 

Figure 3. Confirmation DAB2 as the target of miR-106b in HCC. (A) Prediction of the binding site of miR-106b with DAB2. (B) Detection of luciferase 
activities in Hep3B cell line after transfection with DAB2-3'-UTR-wild (wild-type) or DAB2-3'-UTR-mutant (mut-type). (C and D) Relative DAB2 mRNA and 
protein expression tested using qPCR and western blot analysis in Hep3B cell line (*P<0.05 vs. control mimic; #P<0.05; **P<0.01 vs. control inhibitor). (E) The 
negative correlation between DAB2 and miR-106b expression in HCC tissues (r=-0.7456, P<0.001). HCC, hepatocellular carcinoma.
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luciferase activity in the miR-106b mimic group was signifi-
cantly reduced compared with the control group in wild-type, 
whereas there were no effects in mut-type in Hep3B (Fig. 3B). 
Furthermore, we examined the mRNA and protein expression 
of DAB2 after the overexpression or knockdown of miR-106b 
in the Hep3B cell line. As shown in Fig. 3C and D, both the 
miR-106b mRNA and protein level were significantly reduced 
by the miR-106b mimic, while it was increased by miR-106b 
inhibitor in Hep3B cell line. Regression analysis showed that 
DAB2 expression and miR-106b expression were negatively 
correlated in HCC tissues (Fig. 3E).

miR-106b upregulates HCC progression by targeting DAB2. 
We first used the DAB2 vector to overexpress DAB2 in 
Hep3B cell line (Fig. 4A) to investigate whether DAB2 is 
the downstream mediator of miR-106b in promoting HCC 
proliferation and migration. Subsequently, the effect of 
DAB2 on relative cell viability and cell migration regulated 
by miR-106 was investigated by MTT and Transwell assay. 
The results showed that the overexpression of DAB2 
reduced viability and migration of HCC cells, and DAB2 
may reverse the miR-106b-promoting effect on HCC cell 
proliferation (Fig. 4B). The relative cell migration of HCC, 
which was increased by miR-106b, was supressed by DAB2 
re-expression in Hep3B cell line (Fig. 4C). The data suggested 
that miR-106b promoted HCC cell prolife ration and migration 
via targeting DAB2.

Discussion

Many studies have reported that the miRNAs were abnor-
mally expressed in HCC patients, such as miR-196b, 
miR-429, miR-3613 and miR-1271 (9-12). Although the 
abnormal expression of miRNAs in HCC was regarded as 
a cause of HCC, we need to further explore the potential 
mechanism of the impact of miRNA on the progression of 
HCC. Previous findings showed that miRNA-106b expres-
sion is obviously increased in HCC and may provide a 
new biomarker for the early diagnosis of HCC (18). Those 
findings are in line with those of our study showing that 
miR-106b was overexpressed in HCC tissues and cells. 
However, the underlying mechanism of miR-106 in regu-
lating HCC progression remains unclear.

Mounting evidence indicates that malignant tumor cell 
proliferation, migration and invasion are the main causes of 
human tumors (29). Previous findings have shown that the 
different expression of miRNAs has different effects on HCC 
cell development. It was proven that miR-765 mimic may make 
the number of HCC cells increase by regulating INPP4B (30). 
However, miR-340 may suppress HCC cell proliferation by 
upregulating JAK1 as its expression was downregulated in 
HCC (31). In the present study, we revealed that the higher 
expression of miR-106 promoted HCC cell proliferation and 
migration, whereas the lower expression of miR-106 repressed 
HCC cell development.

Figure 4. Promotion effect of miR-106b in HCC cell proliferation and migration via regulating DAB2. (A) Examination of DAB2 mRNA levels in Hep3B cell line 
after overexpression of DAB2. (B) Detection of cell viability after it was transfected with miR-106b mimic, DAB2 vector, or both miR-106b mimic and DAB2 
vector in Hep3B cell line (*P<0.05 vs. control mimic + control vector; #P<0.05 vs. control mimic + control vector; &P<0.05 vs. miR-106b mimic + control vector). 
(C) Detection of cell migration after transfection with miR-106b mimic, DAB2 vector, or both miR-106b mimic and DAB2 vector in Hep3B cell line (**P<0.01 vs. con-
trol mimic + control vector; ##P<0.01 vs. control mimic + control vector; &&P<0.01 vs. miR-106b mimic + control vector). HCC, hepatocellular carcinoma.
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DAB2 is involved in the development of multiple cancers, 
including prostate, non-small lung and breast cancers (22-24). 
In HCC, a lower expression of DAB2 was detected in HCC 
and inhibiting DAB2 may promote HCC cell proliferation 
and invasion (28). Furthermore, loss of DAB2 induced a 
significantly higher apoptosis in HCC (32). Findings of those 
studies are in agreement with our results, which showed DAB2 
expression was lower in HCC and upregulation of DAB2 
inhibited the suppression effect on HCC cell proliferation and 
migration ability.

In summary, miR-106b expression was higher while that 
of DAB2 was lower in HCC and they were negatively corre-
lated. To the best of our knowledge, these are the first findings 
that DAB2 was a direct target of miR-106b in regulating the 
progression of HCC and DAB2 may partially reverse the 
promotion effect of miR-106b in HCC, indicating that the 
miR-106b/DAB2 axis has a potential for use in HCC diagnosis 
and therapy.
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