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Abstract. Hepatocellular carcinoma (HCC) is a cancer with a 
poor prognosis and a low survival rate. Previous studies have 
found that microRNA‑1266 (miR‑1266) is associated with 
tumorigenesis and progression of several types of cancer, such 
as breast cancer and gastric cancer. The aim of the present 
study was to investigate the effects of miR‑1266 on the clinical 
prognosis and biological behavior of HCC. For this purpose, 
reverse transcription‑quantitative PCR was used to detect the 
expression of miR‑1266 in HCC tissues and HCC cell lines. In 
addition, Kaplan‑Meier survival analysis and Cox regression 
analysis were used to evaluate the prognostic value of 
miR‑1266. Cell Counting Kit‑8 (CCK‑8) and Transwell assays 
were used to analyze the effect of miR‑1266 on the biological 
behavior of cells. The aforementioned assays demonstrated that 
the examined HCC tissues had a significant upregulation of 
miR‑1266 expression compared with normal tissues (P<0.001). 
The overexpression of miR‑1266 was significantly associated 
with Tumor‑Node‑Metastasis stage (P=0.014). The results of 
the Kaplan‑Meier analysis indicated that the 5‑year overall 
survival rate of patients with high expression of miR‑1266 was 
significantly lower compared with patients with low expression 

of miR‑1266 (P=0.015). Cox regression analysis demonstrated 
that the expression level of miR‑1266 could be used as an 
independent prognostic factor of HCC. CCK‑8 and Transwell 
assays demonstrated that overexpression of miR‑1266 
promoted the proliferation, migration and invasion of HCC 
cells. In summary, the findings of the present study indicated 
that high expression of miR‑1266 was positively associated 
with poor prognosis of patients with HCC and promoted cell 
proliferation, migration and invasion of HCC cells. miR‑1266 
may be used as a biomarker for HCC prognosis.

Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common cancer worldwide, with similar rates of incidence 
and mortality  (1,2). As the third most common cause of 
cancer‑related death, HCC leads to >60,000 deaths globally 
each year  (3,4). The majority of patients with HCC are 
already in advanced stages when they are diagnosed, and the 
most effective treatment for early‑stage patients is surgical 
resection (5). However, the long‑term survival rate of patients 
with HCC is low, and the prognosis is poor due to the high 
rate of HCC recurrence and metastasis so resection is not 
available for most patients  (6). Due to changes in lifestyle 
and environment, HCC is currently demonstrating a trend of 
continuously increasing global incidence that seriously affects 
quality of life (7). Numerous types of antitumor therapy, such 
as radiotherapy, chemotherapy and adjuvant therapy have been 
used for HCC, however, there are few specific markers for the 
diagnosis and prognosis of HCC to date (8). It is important 
to identify effective targets for early detection, treatment, 
and prognostic monitoring of patients with HCC; hence, it is 
necessary to identify new biomarkers (9).

MicroRNAs (miRNAs) are a major class of small 
non‑coding RNAs consisting of ~18‑25 nucleotides that 
were originally identified in Caenorhabditis elegans and nega‑
tively regulate gene expression at the mRNA level (10‑12). 
Numerous studies have revealed the important role of 
miRNAs in biological processes, such as cell proliferation and 
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differentiation, embryogenesis, metabolism, organogenesis and 
apoptosis (12‑14). Growing evidence indicates that miRNAs 
are altered in a number of diseases, including cardiovascular 
diseases, hepatitis and various types of cancer including 
prostate cancer and osteosarcoma due to genomic events, such 
as gene mutations or downregulation caused by enzymes that 
involved in miRNAs biogenesis (15‑17). Previous studies have 
demonstrated that miR‑29a, miR‑21 and miR‑221 and 222 are 
abnormally expressed in HCC (18‑21). Shi et al (22) recently 
found that 29 miRNAs, including miR‑1266, were upregulated 
in the tissues of patients with HCC. It can be concluded from 
previous studies that miR‑1266 may serve an important role in 
the occurrence and development of HCC. However, the expres‑
sion pattern, biological function and clinical significance of 
miR‑1266 in the pathogenesis of HCC remain unclear.

The present study aimed to investigate the difference in 
miR‑1266 expression between HCC and normal liver tissues 
and evaluated the clinical prognostic significance of miR‑1266 
in patients with HCC. In addition, the effects of miR‑1266 on 
the proliferation, migration and invasion of HCC cell lines 
were also investigated. The present study aimed to provide a 
new biomarker for HCC.

Materials and methods

Patients and specimens. A total of 119 patients (median age, 
60  years; age range, 26‑77  years) with HCC admitted to 
Mengchao Hepatobiliary Hospital of Fujian Medical University 
(Fuzhou, China) between January 2012 and December 2014 
were included in this study. HCC tissue and normal adja‑
cent tissues [all were confirmed by at least two pathologists 
of Mengchao Hepatobiliary Hospital of Fujian Medical 
University (Fuzhou, China)] 5 cm away from the cancer lesion 
were collected from each patient. The tissue samples were 
immediately frozen in liquid nitrogen at ‑80˚C until subse‑
quent total RNA extraction experiments were performed. 
All patients underwent resection surgery and did not receive 
any treatment, such as chemotherapy and radiotherapy before 
surgery. The exclusion criteria were as follows: i) Patients with 
no complete follow‑up data; ii) patients suffering from other 
types of cancer; and iii) patients with systemic intolerance 
to surgery. In order to collect the overall survival outcome 
information of patients with HCC, all of them were enrolled in 
the 5‑year follow up investigation by telephone. The follow‑up 
was performed at intervals of 3  months during the first 
2 years, 6 months in years 2‑4 and annually in the last year. 
The results of the follow up are listed in Table I. Each patient 
signed a written consent approving the use of their tissues for 
research purposes after the operation. The present study was 
approved by the Research Ethics Committee of Mengchao 
Hepatobiliary Hospital of Fujian Medical University (approval 
no. 2012‑032‑01; Fuzhou, China).

Cell lines and transfection. In total 4 types of HCC cell lines 
(Hep3B, Huh‑7, MHCC97 and SNU‑387) and one normal 
human liver cell line MIHA were purchased from Shanghai 
Cell Bank of the Chinese Academy of Sciences. In Hep3B cells 
there are obvious granular endoplasmic reticulum pools and 
mitochondria; ring‑shaped lamellar accumulation and glycogen 
aggregates are found in the cytoplasm, and α‑fetoprotein (AFP) 

is positive (23). HuH‑7 cells are flat polygonal in the early 
stage with fine particles in the cytoplasm, while later cells 
are elongated in the form of coarse particles (24). MHCC97 
cells grow into dense colonies or single‑layer flakes with a 
doubling time of about 31 h presenting a typical malignant 
epithelial morphology, and AFP is positive (25). The SNU‑387 
cell line demonstrates adherent cell growth and obvious 
nuclear convolution (26). The Hep3B, Huh‑7 and MHCC97 
cells were cultured in DMEM medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.), while the MIHA and SNU‑387 cells 
were cultured in RPMI 1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS. All cells were 
cultured at 37˚C in a humidified incubator with 5% CO2.

Cells (2x105) were seeded into a 6‑well plate before 
transfection. According to the manufacturer's instruc‑
tions, miR‑1266 mimic (5'‑CCU​CAG​GGC​UGU​AGA​ACA​
GGG​CU‑3'), scrambled mimic negative control (mimic 
NC; 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'), miR‑1266 
inhibitor (5'‑AGC​CCU​GUU​CUA​CAG​CCC​UGA​GG‑3') and 
scrambled inhibitor NC (5'‑CAG​UAC​UUU​UGU​GUA​GUA​
CAA‑3') (Shanghai GenePharma Co., Ltd.) all at a final 
concentration of 50 nM were transfected into cells by using 
Lipofectamine® 2000 Reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) in serum‑free condition for 6 h at 37˚C and then 
complete DMEM medium was added. Transfection efficiency 
was measured after 24 h of transfection at 37˚C and then the 
transfected cells were used in subsequent experimentation. 
Untreated cells served as the blank control group.

RNA extraction and reverse transcription‑quantitative (RT‑q) PCR 
analysis. Total RNA of tissues or cell lines was extracted 
using TRIzol® reagent (Takara Bio Inc.) according to the 
manufacturer's instructions. The DNA was removed from the 
extracted total RNA by trypsin and then RNA concentration 
was detected by NanoDrop. Complementary DNA (cDNA) 
was obtained by reverse transcription from the extracted 
RNA using the cDNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific Inc.) with incubation 
at 16˚C for 30 min, then 42˚C for 30 min and terminated 
at  85˚C for 5  min. Relative expression of miR‑1266 was 
assessed in cell lines and tissues using the SYBR Green I 
Real‑Time PCR kit (Shanghai GenePharma Co. Ltd.) on an 
Applied Biosystems 7900 Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific Inc.) using the following 
thermocycling conditions: Preliminary denaturation at 95˚C 
for 2 min, then 35 cycles of 94˚C for 30 sec, 60˚C for 30 sec, 
followed by 72˚C for 45 sec. The sequences used in RT‑qPCR 
were as follows: miR‑1266 forward, 5'‑GCC​GAG​CCT​CAG​
GGC​TGT​AGA‑3', reverse, 5'‑CTC​AAC​TGG​TGT​CGT​
GGA‑3'; U6 forward, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​
AAA​T‑3' and reverse 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​
AT‑3'. U6 small nuclear RNA was used for normalization and 
relative quantification of miR‑1266 expression was calculated 
by using the 2‑ΔΔCq method (27). Each sample measurement 
was performed in triplicate.

Cell proliferation assay. Cell proliferation was assessed 
by using the Cell Counting Kit‑8 assay (CCK‑8; Dojindo 
Molecular Technologies, Inc.) according to the manufacturer's 



ONCOLOGY LETTERS  21:  347,  2021 3

instructions. HCC Huh‑7 and MHCC97H cells (1x103/well) 
were seeded into a 96‑well culture plate at 7˚C for 24 h after 
transfection. Then, the CCK‑8 solution was added to each well 
for 0, 24, 48, and 72 h and incubated for 2 h. The absorbance 
was analyzed at 450 nm using a microplate reader (Thermo 
Fisher Scientific, Inc.). Each sample measurement was 
performed in triplicate at each time point. 

Cell migration and invasion assay. Migration and cell inva‑
sion assays were performed using the Transwell chamber 
(BD Biosciences) with 8‑µm pores. The cells were inoculated 
in serum‑free DMEM medium after transfection. In the inva‑
sion assay, Matrigel (Becton‑Dickinson and Company) was 
pre‑coated on the bottom layer of the upper chamber at 37˚C 
for 4 h, but Matrigel was not added in the upper chamber of 
the migration assay. Huh‑7 and MHCC97H cell suspension 
(5x104  cells/well) was added into the upper chamber and 
600‑800 µl of medium containing 10% FBS as a chemokine 
was added into the lower chamber. After 24 h of incubation 
at 37˚C, the bottom membrane of the upper chamber was fixed 
in methanol for 30 min at room temperature, and then stained 

with 0.1% crystal violet for 15 min at room temperature. After 
air‑drying, the stained cells were mounted with neutral resin 
and counted under a light microscope.

Luciferase reporter assay. First, it was predicted that DAB2 
Interacting Protein (DAB2IP) may be the target gene of 
miR‑1266 through TargetScan (http://www.targetscan.org/
vert_71/). The wild‑type (WT) and mutant (MUT) promoters 
of DAB2IP were constructed by Shanghai GenePharma 
Co. Ltd. and inserted into the pGL3 basic vector (Promega 
Corporation). The DAB2IP 3'‑untranslated region (3'‑UTR) 
sequence was amplified from normal human genomic DNA 
and subcloned into the pmirGLO luciferase reporter vector 
(Promega Corporation). MHCC97 cells were cultured in a 
24‑well plate, and after 24 h of culture, they were co‑transfected 
with WT or MUT 3'‑UTR vector and miR‑1266 mimic, 5'‑CCU​
CAG​GGC​UGU​AGA​ACA​GGG​CU‑3'; mimic NC, 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3'; miR‑1266 inhibitor, 5'‑AGC​
CCU​GUU​CUA​CAG​CCC​UGA​GG‑3' or inhibitor NC, 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3' using Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Following 
24  h of transfection, luciferase activity was measured by 
the dual luciferase reporter gene assay system (Promega 
Corporation) according to the manufacturer's instructions. The 
relative luciferase activity was estimated by normalizing the 
luciferase activity to the Renilla luciferase activity. All assays 
were repeated three times.

Statistical analysis. All biological experiments were repeated 
at least 3 times and statistical analyses were performed using 
SPSS 19.0 software (IBM Corp.) and GraphPad Prism 7.0 
software (GraphPad Software Inc.). By using mean value of 
miR‑1266 expression (0.8732) as the cut‑off value, patients 
were divided into high miR‑1266 expression group and low 
miR‑1266 expression group. χ2  test was used for assessing 
the association between miR‑1266 expression and clinical 
features of patients. The difference between two groups were 
analyzed using paired Student's t‑test. Multiple comparisons 
were performed using one‑way ANOVA followed by the post 
hoc Tukey's test. Kaplan‑Meier analysis and log‑rank test 
were used to test the overall survival rate of patients, and the 
prognostic significance of miR‑1266 was evaluated by Cox 
regression analysis. Data are presented as the mean ± standard 
deviation. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of miR‑1266 in HCC tissues and cell lines. Firstly, the 
expression of miR‑1266 in 119 pairs of HCC tissues and adja‑
cent normal liver tissues was assessed. The results indicated 
that the miR‑1266 expression level was significantly higher in 
the HCC tissues compared with the adjacent normal tissues 
(P<0.001; Fig. 1A). In addition, further analysis of miR‑1266 
expression in HCC cell lines (Hep3B, Huh‑7, MHCC97 and 
SNU‑387) was performed. The expression of miR‑1266 in the 
HCC cell lines was significantly higher compared with that of 
the normal cell line MHA (P<0.001; Fig. 1B). In addition, the 
highest expression of miR‑1266 in the HCC cell lines was in the 
MHCC97 cell line followed by the Huh‑7 cell line (Fig. 1B). 

Table I. Association between miR‑1266 expression and clin‑
ical characteristics of patients with hepatocellular carcinoma 
(n=119).

	 miR‑1266
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 No. of	 Low	 High
Characteristics	 patients	  (n=57)	  (n=62)	 P‑value

Age, years				    0.655
  <60	 58	 29	 29	
  ≥60	 61	 28	 33	
Sex				    0.584
  Female	 45	 23	 22	
  Male	 74	 34	 40	
AFP, ng/ml				    0.060
  <20	 50	 29	 21	
  ≥20	 69	 28	 41	
Tumor size, cm				    0.066
  <5	 69	 38	 31	
  ≥5	 50	 19	 31	
HBV infection				    0.087
  Absent	 55	 31	 24	
  Present	 64	 26	 38	
Cirrhosis				    0.105
  Absent	 66	 36	 30	
  Present	 53	 21	 32	
TNM stage				    0.014
  I‑II	 88	 48	 40	
  III‑IV	 31	 9	 22	

miR, microRNA; TNM, Tumor‑Node‑Metastasis; HBV, hepatitis B 
virus; AFP, α‑fetoprotein.
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Hence, these 2 cell lines were selected for subsequent experi‑
mentation due to their high miR‑1266 expression.

miR‑1266 expression is associated with the clinicopathological features 
of patients with HCC. As shown in Table I, the association between 
miR‑1266 expression and the clinicopathological characteristics 
of patients with HCC was assessed. The patients were divided 
into the miR‑1266 low expression group (n=57) and the miR‑1266 
high expression group (n=62) with the mean value of miR‑1266 
expression as the cut‑off value. The results demonstrated that 
high mRNA expression of miR‑1266 was significantly associ‑
ated with Tumor‑Node‑Metastasis (TNM) stage (28) (P=0.014; 
Table I). There was no significant association observed for the 
other characteristics, such as age, sex, hepatitis B virus infection, 
tumor size, AFP and cirrhosis (P>0.05; Table I).

High expression of miR‑1266 is associated with poor prognosis in 
patients with HCC. To assess the potential prognostic value of 
using miR‑1266 as a biomarker in HCC tissues, a cumulative 
survival curve was generated using the Kaplan‑Meier method 
according to the patients' miR‑1266 expression and overall 
survival information. The results demonstrated that, when 
compared with patients with lower miR‑1266 expression levels, 
the 5‑year survival rate of patients with HCC with higher 
miR‑1266 expression levels was significantly lower (log‑rank 
test P=0.015; Fig. 2). In the multivariate Cox hazard regres‑
sion model, further multivariate analysis of the association 
between miR‑1266 expression levels and overall survival of 
patients with HCC was performed. The results demonstrated 
that the miR‑1266 expression level [hazard ratio (HR)=2.048; 
95% confidence interval (CI)=1.151‑3.664; P=0.015; Table II) 
and TNM stage (HR=1.900; 95% CI=1.074‑3.364; P=0.028; 
Table II) were independent prognostic factors for the 5‑year 
overall survival of patients with HCC.

Overexpression of miR‑1266 promotes HCC cell proliferation, 
migration, and invasion. To investigate whether miR‑1266 

regulates HCC cell proliferation, migration and invasion, 
in vitro HCC cell experiments were performed by transfecting 
miR‑1266 mimics or miR‑1266 inhibitor into MHCC97 and 
Huh7 cells. The effect of miR‑1266 on the aforementioned 
cellular behavior was also measured in MIHA cells, which 
acted as a control for comparison with HCC cell lines. 
MHCC97 and Huh7 cells with significantly increased expres‑
sion of miR‑1266 (P<0.001) and MHCC97 and Huh7 cells 
with inhibited expression of miR‑1266 were obtained through 
cell transfection, compared with untreated cells (P<0.01; 
Fig. 3A). The CCK‑8 cell proliferation assay demonstrated 

Figure 1. miR‑1266 expression in HCC tissues and cell lines was detected using reverse transcription‑quantitative PCR. (A) Relative expression of miR‑1266 
in HCC tissues and adjacent normal liver tissues from 119 patients. (B) Relative expression of miR‑1266 in HCC cell lines (Hep3B, Huh‑7, MHCC97 and 
SNU‑387). ***P<0.001. HCC, hepatocellular carcinoma; miR, microRNA.

Figure 2. Kaplan‑Meier survival curve of patients with HCC. The overall 
survival rate of patients with high expression of miR‑1266 was lower 
compared with those with low expression. HCC, hepatocellular carcinoma; 
miR, microRNA.
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that overexpression of miR‑1266 by miR‑1266 mimics in 
cells increased Transwell assays indicated that the migration 
and invasion of MHCC97 and Huh7 cells were significantly 
increased due to the overexpression of miR‑1266 (P<0.001), 
while the downregulation of miR‑1266 led to a significant 
decrease in the migration and invasion of MHCC97 (P<0.001) 
and Huh7 (P<0.01) cells (Fig. 4A and B), however, no effect 
was observed in normal MIHA cell line (Fig. 4A and B). It can 
be seen from the images of MIHA, MHCC97 and Huh7 cells 
in Fig. S1A and B that the invasion and migration trends were 
consistent with those in Fig. 4A and B.

DAB2IP may be a direct target of miR‑1266. Luciferase reporter 
assay was performed using MHCCH97 cells due to its superior 
cellular activities (proliferative, migratory, and invasive 
abilities) compared with Huh‑7 cells. Based on the TargetScan 
database, position 996‑1003 of DAB2IP mRNA 3'UTR was 
discovered to have binding sites of miR‑1266 (Fig.  5A). 
Luciferase reporter gene detection was used to verify the 
effect of miR‑1266 on DAB2IP in MHCCH97 cell because 
of its better cellular activities. miR‑1266 mimics significantly 
reduced the relative luciferase activities of cells with wild 
miR‑1266‑binding site (P<0.001; Fig.  5B) and miR‑1266 
inhibitors significantly increased its relative luciferase activi‑
ties (P<0.01; Fig. 5B). However, neither miR‑1266 mimics nor 
inhibitors caused significant changes in cells with mutated 
vectors (Fig. 5B). The aforementioned results demonstrated 
that miR‑1266 can directly target DAB2IP expression.

Discussion

HCC is a disease that is common worldwide (29). The majority 
of patients find that the disease is already advanced upon 
diagnosis, and its prognosis is poor (30,31). It is necessary to 
discover new and effective biomarkers for the diagnosis and 
prognosis of HCC, which will help to improve the clinical 
efficacy of treatments in patients (32,33). As a new type of 

biomarker, miRNAs serve an important role in the occurrence, 
development and metastasis of numerous types of cancer, 
such as HCC and prostate cancer  (34,35). Accumulating 
studies have investigated the association between cancer and 
miRNAs, and it has been proven that various cancers exhibit 
abnormal expression of miRNAs (36‑38). For example, the low 
expression of miR‑129 is significantly associated with the poor 
prognosis of prostate cancer, and can be regarded as a new 
molecular target for the diagnosis and treatment of prostate 
cancer (39). Wang et al (40) discovered that the expression of 
miR‑339‑5p is significantly reduced in HCC patients tissues 
compared with non‑cancerous liver tissues, and is closely 
related to the invasion of HCC cells indicating that the 
expression of miR‑339‑5p is an independent prognostic factor 
in patients with HCC. Several studies have proven that the 
abnormal expression of miR‑1266 serves an important role 
in various diseases and cancers, such as papillary thyroid 
carcinoma and prostate cancer (41‑44).

miRNAs have been proven to be oncogenes in various 
cancers (45). Wang et al (44) confirmed that miR‑1266 demon‑
strated a highly upregulated trend in the tissues and serum of 
patients with cervical cancer compared with the controls. The 
aforementioned study is consistent with the findings of the 
present study. In the present study, the expression of miR‑1266 
in HCC tissues and cell lines was examined, and its potential 
role in HCC was investigated in relation to the pathological 
characteristics of patients. The results demonstrated that the 
expression of miR‑1266 was significantly increased in HCC 
tissues and cell lines compared with non‑cancerous tissue and a 
normal cell line. In addition, in the present study high expression 
of miR‑1266 demonstrated a significant association with 
TNM stage, which was consistent with other studies (44,46). 
Lu et al (47) analyzed the miRNA expression profile of patients 
in The Cancer Genome Atlas database and concluded that 
miR‑1266 is upregulated in HCC. The aforementioned results 
indicate that miR‑1266 is an oncogene of HCC and is involved 
in the occurrence, development and metastasis of HCC. 

In addition, the present study examined the relationship 
between miR‑1266 expression and the survival of patients 
with HCC using Kaplan‑Meier curves and Cox regression 
analysis. The present study found that high expression levels of 
miR‑1266 reduced the 5‑year overall survival rate of patients 
with HCC. In addition, it was found that the expression level 
of miR‑1266 was an independent prognostic factor for 5‑year 
overall survival. These results indicated that miR‑1266 may be 
an important prognostic biomarker for HCC. Sevinc et al (42) 
proved that miR‑1266 is associated with the recurrence and 
metastasis of estrogen receptor positive patients with breast 
cancer. Wang  et  al  (44) revealed that the overall survival 
rate of patients with cervical cancer with high expression of 
miR‑1266 was significantly lower compared with patients 
with low expression of miR‑1266. These studies indicated that 
miR‑1266 may be used as a new molecular target for the diag‑
nosis and prognosis of cancer. However, a previous study did 
not find a significant association between miR‑1266 expression 
and the clinical prognosis of HCC (47). This may be because 
the previous study (47) selected patients from TCGA database 
and the patients came from different hospitals in various cities 
and the time span was large, which may lead to inconsistent 
criteria for determining patient information.

Table II. Multivariate Cox regression analysis for risk 
prognostic factors to the overall survival of patients with hepa‑
tocellular carcinoma.

	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters	 HR	 95% CI	 P‑value

miR‑1266 expression	 2.048	 1.151‑3.644	 0.015
Age	 1.149	 0.641‑2.058	 0.641
Sex	 1.423	 0.803‑2.523	 0.227
AFP 	 1.175	 0.674‑2.048	 0.570
Tumor size	 1.457	 0.791‑2.685	 0.227
HBV infection	 1.583	 0.888‑2.822	 0.119
Cirrhosis	 2.011	 0.960‑4.212	 0.064
TNM stage	 1.900	 1.074‑3.364	 0.028

HCC, hepatocellular carcinoma; miR, microRNA; TNM, Tumor‑ 
Node‑Metastasis; HBV, hepatitis B virus; AFP,  α‑fetoprotein; 
HR, hazard ratio; CI, confidence interval.
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In addition, the present study investigated the effects of 
miR‑1266 on the proliferation, migration and invasion of HCC 
cells using CCK‑8 assays and Transwell assays, respectively. 
The results demonstrated that miR‑1266 significantly 
increased the cell proliferation, migration and invasion ability 
of HCC cell lines, while inhibitors of miR‑1266 inhibited 
their proliferation, migration and invasion. These results 
indicate that miR‑1266 is involved in the molecular biological 
changes of HCC cells. Fu et al demonstrated that the upregu‑
lated expression of miR‑1266 significantly inhibited the 
proliferation, migration and invasion of papillary thyroid 
carcinoma cells (41). Sun et al (43) revealed that overexpression 
of miR‑1266 significantly attenuated the proliferation, migra‑
tion and invasion of prostate cancer cell lines. Chen et al (48) 
confirmed that miR‑1266 affected the proliferation and 
invasion of gastric cancer cells by targeting telomerase reverse 
transcriptase. These studies indicated that miR‑1266 may 
participate in the occurrence and development of different 
diseases by affecting proliferation, migration and invasion, 
which is consistent with the findings of the present study. 

Wang et al (44) proved that miR‑1266 promoted proliferation, 
migration and invasion by targeting DAB2IP in HeLa and SiHa 
cells. Hence, the present study sought to investigate the interac‑
tion between miR‑1266 and DAB2IP. The results revealed that the 
overexpression of miR‑1266 directly targeted downregulation of 
DAB2IP. From the results of the present study it can be concluded 

that DAB2IP is a target gene of miR‑1266 expressed in HCC 
tissues and cells. Previous studies have found that DAB2IP can be 
used as a target gene for regulating HCC. Liu et al (49) found that 
miR‑328‑5p decreased its expression by targeting DAB2IPmRNA 
and promoted the development of HCC. Chen et al (50) proved 
that there was a direct interaction between miR‑1307‑3p and the 
3'UTR of DAB2IP, and miR‑1307‑3p served a driving role in the 
process of HCC by targeting DAB2IP. The results of the present 
study indicate that DAB2IP may be a target gene for miR‑1266 
serving a role in HCC cells. This speculation needs further inves‑
tigation in future studies.

The lack of in vivo experiments was a limitation in the 
present study. The current study is relatively microscopic, and 
the lack of in vivo assays makes it impossible to observe the 
effects of miR‑1266 expression on tumor growth and inva‑
sion from a macroscopic perspective. In future studies, in vivo 
assays should be performed in order to verify the findings of 
the present study and further investigate the role and mecha‑
nism of miR‑1266 expression in vivo.

In conclusion, the results of the present study indicated 
that the expression of miR‑1266 was significantly increased 
in patients with HCC and is associated with poor prognosis 
in patients, and promotes the proliferation, migration and 
invasion of HCC cells. The findings of the present study 
indicated that miR‑1266 may be used as a biomarker for the 
prognosis of HCC.

Figure 3. Effects of miR‑1266 on proliferation of HCC cell lines. (A) Changes in the proliferation of MIHA, MHCC97 and Huh‑7 cells following the transfec‑
tion of miR‑1266 mimics NC, miR‑1266 mimic, inhibitor NC or miR‑1266 inhibitor (**P<0.01, ***P<0.001) vs. untreated cells. (B) Effects of miR‑1266 on 
the proliferation of MIHA, MHCC97 and Huh‑7 cells (*P<0.05, **P<0.01, ***P<0.001) vs. untreated cells. HCC, hepatocellular carcinoma; miR, microRNA; 
NC, negative control; OD, optical density.
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