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Abstract. The aim of this study was to verify whether 
anti-miR-101 participates in the treatment of hepatocellular 
carcinoma (HCC) as a small-molecule antitumor agent, and 
to explore the effect on phosphatase and tensin homolog 
deleted on chromosome 10 (PTEN). Patients who received 
consecutive hepatectomies were followed-up, and miR-101 
expressions in their tumor and paracancerous tissues were 
detected. Correlation between miR-101 expression and 
clinical pathological factors and prognosis was studied. 
High‑throughput sequencing was used to detect the genetic and 
microRNA (miRNA) levels of tumor tissues. Expression  of 
anti-miR-101 in different HCC cell lines was determined, and 
those of desired genes and proteins were detected by qRT-PCR 
and western blotting to obtain the target gene. miR-101 was 
significantly upregulated in HCC patients compared with that 
in paracancerous tissues. High miR-101 expression, vascular 
invasion, tumor size ≥7 cm and late pathological stage were 
the risk factors of recurrence-free survival rate. High miR-101 
expression was the independent prognostic factor of total and 
recurrence-free survival rates. CXCL12, IL6R, FOXO3 and 
PTEN were screened as desired genes, and only PTEN was 
expressed significantly differently in three cell lines. miR-101 
could bind 3'-UTR of WT-PTEN with reduced fluorescent 
intensity, suggesting that PTEN was the target gene. SMMC-
7721, HepG2 and Huh7 were eligible cell lines for miR-101 
studies. miR-101 was an applicable molecular marker of HCC. 
Anti-miR-101 regulated the transcription of PTEN and may 
promote cell proliferation, differentiation and apoptosis by 
regulating downstream genes with PTEN. The regulatory 
effects of anti-miR-101 on PTEN provide valuable evidence 
for finding novel miRNA drugs.

Introduction

Hepatocellular carcinoma (HCC) is one of the fatal cancers 
threatening people worldwide, with over half of them being 
Chinese. Late diagnosis of HCC leads to poor prognosis by 
restricting the selection of treatment protocols. Therefore, 
finding tumor markers for early diagnosis is crucial  (1,2). 
Although AFP is an important marker of detecting and moni-
toring HCC, its individual detection in small HCC patients has 
a 40% chance of indicating false negative. Thus, it is impera-
tive to find other markers that are more sensitive and earlier 
detectable to clarify the development mechanism of HCC and 
to improve therapeutic effects and prognosis (3).

MicroRNA (miRNA), as a non-protein-coding RNA 
family that can negatively regulate gene expression, can repress 
protein translation or induce RNA degradation by interacting 
with mRNA. miRNAs also function as effective small-mole-
cule drugs. Mature miRNA, which is a single-strand RNA 
molecule length of about 19025 nt, can inhibit the translation 
of target gene and participate in cell differentiation, prolif-
eration and apoptosis by binding 3'-UTR of mRNA through 
complete or incomplete base pairing  (4). The miRNA-101 
expression profiles of tumor cells and paracancerous tissues 
differ significantly, thus being able to distinguish HCC (5), 
breast carcinoma (6,7), lung carcinoma (8), pancreatic carci-
noma (9) and leukemia (10) from adjoining normal tissues.

We have previously found that miR-101 was evidently 
highly expressed in HCC patients, which is associated with 
the unique regulatory effects of miRNA on phosphatase and 
tensin homolog deleted on chromosome 10 (PTEN) reported 
by Karreth et al (11,12). Although anti-miR-101 and PTEN 
have previously been correlated, in vitro carcinogenesis exper-
iment has seldom been combined with clinical study results. 
Thereby motivated, we explored the influence of miR-101 on 
the onset of HCC as an oncogene and its direct effect on PTEN, 
aiming to verify the results of Karreth et al, miRNA and gene 
expression profiles in tumor and paracancerous tissues were 
detected. The correlation between differentiated anti-miR-101 
expressions and malignant behavior of HCC, prognosis, as well 
as total and recurrence-free survival rates were summarized. 
The target gene corresponding to miR-101 was determined to 
preliminarily postulate the role of miR-101 in the onset and 
development of HCC. The results indicate anti-miR-101 is a 
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feasible marker for the diagnosis and prognosis evaluation 
of HCC.

Materials and methods

Compliance with ethical requirements. Written consent was 
received from all the patients. All information and sample 
collection as well as experimental protocols accorded with the 
‘Ethics Committee Standard Operating Procedures (SOP)’, 
and all the experiments have been approved by the Ethics 
Committee of our hospital.

General information and tissue samples. Seventy-eight 
HCC patients who received consecutive hepatectomies in 
our hospital from January 2009 to June 2015 were selected. 
Inclusion criteria: i)  Isolated or multiple tumors (no more 
than 3); ii) without portal vein, hepatic vein or postcava tumor 
thrombi; iii) without extrahepatic metastasis; iv) Child-Pugh 
scores ranging between 5 and 7; and v) first visit patients who 
had not received any transcatheter arterial chemoemboliza-
tion, local treatment or radiotherapy (13,14). Tumor and the 
corresponding paracancerous tissues were subjected to RNA 
later treatment after resection, archived and stored in tissue 
bank, and stored at -80˚C. No tumor tissues succumbed to 
necrosis, and normal hepatic tissues located 3 cm from the 
edge of tumor tissues were used as paracancerous tissues. 
Tissues of each case were sampled in triplicate to prevent 
potential contamination. Clinical data were collected from the 
medical records, and no patients had received chemotherapy 
prior to the surgeries. Written consent was received from all 
the patients. All of them were diagnosed as HCC, as confirmed 
by H&E staining.

The patients aged 48-82 years (median, 53 years) included 
63  males (80.8%) and 15  females (19.2%). There were 
61  serum HBsAg-positive cases (78.2%), and serum AFP 
levels were 0.78-115600 µg/l (median, 230 pg/l). Fifty-eight 
cases were complicated with cirrhosis (74.4%), and the others 
were not (25.6%). Maximum tumors were sized 1.4-15.4 cm 
(median, 7.3 cm). Tumor differentiation degrees were deter-
mined according to Edmondson-Steiner grading standard 
(40 cases of grade I and II, 38 cases of grade III and IV) (15). 
The patients were classified into 37 cases of stage I, 24 cases of 
stage II and 17 cases of stage III according to the TNM staging 
standard stipulated by UICC and AJCC (16). They were last 
followed-up on 30th June, 2015.

Cell lines. Human hepatocarcinoma cell lines HEPG2, 
HEP3B, Sk-Hepl, Huh7, SMMC-772l, PLC, MHCC-97H and 
MHCC-97L were purchased from Zhongyuan Union Stem 
Cell Bioengineering Co. (Zhejiang, China). Immortalized 
hepatocytes L-02 and human kidney epithelial cells 293T 
were provided by the Molecular Biotechnology Center of our 
hospital.

Main reagents and solutions. miRNA expression vector 
anti‑miR-101 (inhibitor), pre-miR-101 (mimics) and control 
miR-NC were purchased from Ambion (Carlsbad, CA, 
USA). Wild-type pcDNA 3.1-PTEN-WT and mutant 
pcDNA 3.1-PTEN-MU plasmids were purchased from 
GeneCopoeia,  Inc. (Rockville, MD, USA). Luciferase 

reporter assay vector pGL3M, pcDNA3.1 plasmid, EcoRI 
and XbaI were obtained from Promega Corp. (Madison, WI, 
USA). Lipofectamine™ 2000 liposome, E. coli strain DH5α 
and quantitative PCR kit Platinum® SYBR® Green qPCR 
SuperMix-UDG reagent were purchased from Invitrogen 
(Carlsbad, CA, USA). Dual‑luciferase reporter assay kit 
Dual-Light® system (P/N T1003) was obtained from Applied 
Biosystems Life Technologies (Foster City, CA, USA). B-type 
ultrapure plasmid extraction kit was bought from BioDev‑Tech 
Co. (Beijing, China). Restriction endonuclease HindIII and 
SpeI, as well as DNA T4 ligase were purchased from New 
England BioLabs, Inc. (Ipswich, MA, USA). The First Strand 
cDNA Synthesis kit was purchased from Fermentas (Waltham, 
MA, USA). Western blotting-related polyclonal antibodies 
were obtained from Cell Signaling Technology, Inc. (Danvers, 
MA, USA). Other reagents were purchased from Sigma-
Aldrich (St. Louis, MO, USA) or Sinopharm Chemical Reagent 
Co., Ltd. (Shanghai, China) (analytically pure). Primers were 
designed and synthesized by Shanghai Sangon Biological 
Engineering Technology and Services Co., Ltd. (Shanghai, 
China).

Cell culture. All cell lines were cultured in high-glucose 
Dulbecco's modified Eagle's medium (DMEM) containing 
10% fetal bovine serum, and were incubated in a 5% CO2 incu-
bator at 37˚C with saturated humidity. After being digested 
with 0.25% trypsin, the cells growing to 80-90% confluence 
were then passaged. The cells growing logarithmically were 
finally used (17).

Total RNA extraction. Total RNA was extracted by TRIzol 
reagent according to the manufacturer's instructions. The 
tumor and paracancerous tissues of 9 cases were compared 
by digital miRNA expression profiling. They were then clas-
sified into stage I (4 cases), stage II (3 cases) and stage III 
(2  cases)  (16), including 7  males and 2  females. Culture 
medium was discarded after cells fully adhered to the bottom, 
to which 1 ml of TRIzol reagent was added per 0.5-1x107 cells. 
The following procedure was the same as that of tissue RNA 
extraction (18).

Gene and digital miRNA expression profiling. Illumina 
HiSeq™ 2000 high-throughput small-RNA sequencing and 
synthesis were performed simultaneously, aiming to minimize 
the secondary structure-induced local missing. The screened 
high-quality sequences were classified and annotated to obtain 
information on components and expression levels. All miRNA 
segments were annotated, and target gene prediction was 
conducted for new miRNA (19,20).

Detection of hsa-miR-101 expression levels before and after 
transfecting miRNA precursor by qRT-PCR. miRNA precursor 
was transfected by the RNA transient transfection method 
according to the instruction of Lipofectamine™  2000 
(Invitrogen). Diluted anti-miR-101, pre-miR-101 and miR-NC 
were mixed with liposomes in culture medium. Total RNA 
was extracted by mirVana™ miRNA isolation kit 24 and 48 h 
later to measure miR-101 expression levels. After RNA 
purification, cDNA was subjected to reverse transcription with 
the reaction systems and primer sequences reported 
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previously  (21-25). Primer sequences: miR-101 upstream, 
5'-TCAC ACTATATCACATTGCCAGG-3' and downstream, 
5'-TATGG TTGTTCTGCTCTCTGTCTC-3'; CXCL12 
upstream, 5'-CAG TCAACCTGGGCAAAGCC-3' and 
downstream, 5'-CCTGAG AGTCCTTTTGCGGG-3'; IL6R 
upstream, 5'-GGCAACCGA GCAAGACTCTC-3' and 
downstream, 5'-GCGAGGACAGAA GATTTG-3'; FOXO3 
upstream, 5'-CTTAAGGATAAGGGC GACA-3' and 
downstream, 5'-CGACTATGCAGTGACAGG TTG-3'; PTEN 
u p s t r e a m ,  5 ' - AG AC AG AT C T G T G G G G T G C G 
GGGTAGGAGT-3' and downstream, 5'-AGACAAGCTTGAC 
GAAGAGGAGGCGAGA-3'; internal reference U6 upstream, 
5'-ATTGGAACGATACAGAGAAGATT-3' and downstream, 
5'-GGAACGCTTCACGAATTTG-3'; internal reference 
GAPDH upstream, 5'-GTCAGTGGTGGACCTGACCT-3' and 
downstream, 5'-TGAGGAGGGGAGATFCAGTG-3'.

Western blotting. Cells collected at different time intervals 
were lysed, from which cytoplasm and nucleus protein super-
natants were extracted for SDS-PAGE at 120 V for 2 h. Then 
the products were electrotransferred onto PVDF membrane 
and put in TBST blocking buffer containing 5% defatted milk 
at room temperature for 1 h. After TBST washing, primary 
antibody was added, and then the membrane was shaken at 
4˚C overnight. After several times of TBST washing, the 
membrane was shaken at room temperature for 1  h after 
adding rabbit anti-human polyclonal antibody, washed three 
times and colored by ECL (26).

Plasmid transfection and luciferase reporter assay. Empty 
vector pcDNA3.1 and luciferase reporter vector pGL3M, as 
well as recombinant reporter vector pcDNA 3.1-PTEN-WT 
(or MUT/NC) were transfected with competent host bacteria 
DH5a. Plasmids were extracted according to the manufacturer's 
instructions, identified by XbaI and EcoRI double digestion, 
and sequenced by Hohhot Mole Chemical Reagent Co., 
Ltd. (Hohhot, China) (27).

With the transfection method mediated by the 
Lipofectamine  2000 liposome, 293T cells were trans-
fected with pGL3M-PTEN-3'UTR (50  ng) and control 
plasmid pcDNA3.1 (10 ng), and referred to as experimental 
group pGL3M-WT-PTEN-3'UTR, positive control group 
pGL3M‑MUT-PTEN-3'UTR and negative control group 
pGL3M. Dual-luciferase reporter assay results were expressed 
as the ratio of firefly luciferase activity to Renilla luciferase 
activity.

Statistical analysis. Digital gene and miRNA expression 
profiles were analyzed by non-monitoring clustering with 
SAM and TIGR Multiple Array Viewer software package 
(TMeV version 4.0). Real-time fluorescent quantitative PCR 
was performed by sequence detection system  (SDS)  2.3, 
and miRNA expression levels were expressed as ΔCt values 
(Ct-miRNA-Ct U6). Biological data were expressed as 
mean ± SD, and the differences between two groups were 
compared by Student's t-test. Numeration data were compared 
by Chi-square test or Fisher's exact test. Survival time was 

Table I. Digital miRNA expression profiling results.

	 Upregulated miRNAs	 Downregulated miRNAs
	---------------------------------------------------------------------------------------------------------------	 ------------------------------------------------------------------------------------------------------------------------
miRNA	 Difference fold	 q-value (%)	 miRNA	 Difference fold	 q-value (%)

hsa-miR-101	 4.733	 0	 hsa-miR-486	 0.269	 0
hsa-miR-30e	 4.265	 0	 hsa-miRPlus-E1012	 0.304	 0
hsa-miR-221	 4.038	 0	 hsa-miR-223	 0.366	 0
hsa-miR-23a	 3.726	 0	 hsa-miR-766	 0.396	 0
hsa-miR-16	 3.714	 0	 hsa-miR-608	 0.405	 0
hsa-miR-30a	 3.284	 0	 hsa-miRPlUS-El120	 0.417	 0
hsa-miR-21	 3.197	 0	 hsa-miR-129	 0.433	 0
hsa-miR-15a	 3.006	 0	 hsa-miRPlus-A1027	 0.451	 0
hsa-miR-24	 2.994	 0	 hsa-miR-625	 0.470 	 0
hsa-miR-195	 2.754	 0	 hsa-miRPlus-F1205	 0.476	 0
hsa-miR-200a	 2.732	 0	 hsa-miR-665	 0.514	 0
hsa-miR-125a	 2.525	 0	 hsa-miR-767-3p	 0.548	 0
hsa-miR-222	 2.471	 0	 hsa-miRPlus-F1208	 0.557	 0
hsa-miR-205	 2.378	 0	 hsa-miR-634	 0.565	 0
hsa-miR-30b	 2.236	 0	 hsa-miRPlus-E124	 0.594	 0
hsa-miR-378	 1.941	 0	 hsa-miRPlus-18b	 0.608	 0
hsa-miR-27a	 1.879	 0
hsa-miR-142-3p	 1.677	 0
hsa-miR-497	 1.524	 0

Tumor and paracancerous tissues of 9 cases were compared.
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calculated by month, and overall survival time was calculated 
by that from surgery to death or last follow-up. Survival rate 
was calculated by Kaplan-Meier method. Single variables 
were subjected to log-rank test, and significant variables were 
analyzed by introducing the Cox's model. P<0.05 was consid-
ered statistically significant. Data were analyzed by SPSS 15.0.

Results

Correlation between miR-101 expression in HCC tissues, 
clinical pathological factors and prognosis. The miRNAs 
with significantly changed expressions were screened by 
digital miRNA expression profiling (Table I). Obviously, the 
miR-101 expression was significantly upregulated in tumor 
tissues (Fig. 1A), with the medians of paracancerous and tumor 
tissues as 0.18 and 2.47, respectively (P<0.001) (Fig. 1B). Of 
the 78 tumor tissues, there were 37 cases of stage I, 24 cases 
of stage II and 17 cases of stage III based on the TNM grading 

standard, with their miR-101 expression all higher than those 
in the corresponding paracancerous tissues (miR‑101 expres-
sions were upregulated by 1.96-fold, 1.88-fold and 2.47-fold  
in the three stages, respectively). Particularly, the expression 
levels in stage II and III differed significantly between the 
two groups. According to the Edmondson-Steiner grading 
standard, there were 11 cases of stage I, 29 cases of stage II, 
24 cases of stage II and 14 cases of stage IV, of which miR-101 
expression was upregulated by 2.15-fold, 2.28-fold, 1.53-fold 
and 3.14‑fold (Fig. 1D).

The correlations between miR-101 expression and clinical 
pathological factors, including gender, age, cirrhosis history, 
HBsAg state, serum AFP level, Child-Pugh grade, vascular 
invasion status, tumor size, tumor number, tumor capsule, 
tumor differentiation degree (Edmondson-Steiner grade) and 
TNM stage, were analyzed. The 78 patients were divided into a 
low miR-101 expression group and a high miR-101 expression 
group based on the average upregulation fold (2.47). First, 

Figure 1. Correlation between miR-101 expression in hepatocellular carcinoma (HCC) tissues, clinical pathological factors and prognosis. (A) miR-101 expres-
sion was significantly upregulated in tumor tissues (red, upregulation; green, downregulation); (B) medians of paracancerous and tumor tissues are 0.18 
and 2.47, respectively (P<0.001); (C) miR-101 expressions in tumor tissues in three TNM stages are all higher than those in the corresponding paracancerous 
tissues; (D) miR-101 expression in tumor tissues in four Edmondson-Steiner stages are all higher than those in paracancerous tissues; (E) 5-year overall 
survival rate of low miR-101 was decreased from 48.2 to 7.2%, and that of high miR-101 expression group was reduced from 64.7 to 30.6% (P=0.024); 
(F) recurrence-free survival rate of low miR-221 expression group was decreased from 59.7 to 32.5%, and that of high expression group was reduced from 
52.3 to 17.7% (P=0.019). **P<0.01, *P<0.05.
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univariate analysis and log-rank test were performed. High 
miR-101 expression (P=0.019), vascular invasion (P<0.001), 
tumor size ≥7 cm (P=0.023), tumor capsule (P=0.035) and late 
stage (TNM II-III) (P=0.035) were the risk factors of overall 
survival rate. Besides, high miR-101 expression (P=0.024), 
vascular invasion (P<0.001), tumor size ≥7  cm (P<0.001) 
and late stage (TNM II-III) (P=0.001) were the risk factors 
of recurrence-free survival rate  (Table  II). Multivariate 
analysis showed that high miR-101 level (P=0.041) and 
vascular invasion (P=0.043) were the risk factors of overall 
survival rate. High miR-101 expression level (P<0.001), AFP 
≥200 µg/l (P=0.032) and Edmondson-Steiner III-IV stages 
(P=0.033) were the risk factors of recurrence-free survival 
rate (Table II).

Cox multiple regression analysis showed that high miR-101 
expression level was the independent prognostic factor of 
overall and recurrence-free survival rates of HCC patients 
[OS, (HR, 2.274; 95% CI, 1.187-3.922); RFS, (HR, 2.231; 95% 
CI, 1.234-3.876)]. The 1-, 2-, 3-, 4- and 5-year overall survival 
rates of low miR-101 expression group were 77.2, 74.3, 60.2%, 
51.9  and  48.2%, respectively, and those of high miR-101 
expression group were 64.7, 55.0, 34.1, 30.6  and  30.6%, 
respectively (P=0.024) (Fig. 1E). The 1-, 2-, 3-, 4- and 5-year 
recurrence‑free survival rates of low miR-221 expression 
group were 59.7, 47.2, 41.0, 34.9 and 32.5%, and those of the 
high expression group were 52.3, 34.4, 20.4, 19.6 and 17.7% 
(P=0.019) (Fig. 1F).

Screening of miR-101 target gene and expression in different 
HCC cell lines. A total of 466 genes underwent significantly 
different changes according to the results of digital gene 
expression profiling, and CXCL12, HES1, POU4F2, Celf1, 
ATAT1, IL6R, PPARGC1A, G6PC, FOXO3, FANCG, MYH1, 
MYH2, MYH4, PTEN, PTPN11, HMGN2 and C21orf33 were 

predicted as the target genes of miR-101 by miRBase. Hence, 
CXCL12, IL6R, FOXO3 and PTEN were determined as the 
desired genes based on the two tests (Fig. 2A).

qPCR detection exhibited that miR-101 expression levels 
in 8 HCC cell lines were upregulated compared with that 
in normal cell line L-02. Especially, the levels of HepG2 
and SMMC-7721 cells were upregulated maximally, while 
that of Huh7 cells was upregulated minimally  (Fig. 2B). 
Therefore, miR-101 inhibitor was added in HepG2 and 
SMMC-7721 cells, and miR-101 mimics were added in 
Huh7 cells. Compared with NC and blank groups, the 
three kinds of cells underwent significant changes after 
being transiently transfected with inhibitor and mimics 
(P<0.01) (Fig. 2C).

Determination of miR-101 desired genes by qPCR and Western 
blotting. Of the 4 potential target genes, only PTEN gene was 
expressed significantly differently, as suggested by qPCR 
results. Adding miR-101 inhibitor significantly increased the 
PTEN expressions in HepG2 and SMMC-7721 cells than that 
in the NC control group, whereas adding miR-101 mimics led 
to significant decrease in Huh7 cells (Fig. 3A). In contrast, 
CXCL12, IL6R and FOXO3 did not experience the same 
changes.

Western blotting also exhibited that only PTEN protein 
was significantly upregulated (P<0.05) or downregulated 
(P<0.01) (Fig. 3B and C).

Verif ication of PTEN by luciferase reporter assay. 
Twelve sequences of miR-101, which were identical 
to the WT-PTEN‑3'UTR end, were disrupted by the 
MUT-PTEN‑3'UTR  (Fig.  4A). The luciferase reporter 
assay of 293T cells showed that negative control 
pGL3M‑MUT‑PTEN‑3'UTR and pGL3M‑WT‑PTEN‑3'UTR 

Figure 2. Expression of miR-101 in different hepatocellular carcinoma (HCC) 
cell lines. (A) A total of 466 genes underwent significantly different changes 
according to the results of digital gene expression profiling, and target genes 
of miR-101 were predicted by miRBase (bottom). CXCL12, IL6R, FOXO3 
and phosphatase and tensin homolog deleted on chromosome 10 (PTEN) 
were the desired genes (right); (B) qPCR detection showed the levels of 
HepG2 and SMMC-7721 cells were upregulated maximally, while that of 
Huh7 cells was upregulated minimally; (C)  miR-101 expression levels 
in HepG2 and SMMC‑7721 cells were significantly decreased after being 
transfected with miR-101 inhibitor (P<0.01), while that of Huh7 cells was 
increased after being transfected with miR-101 mimics (P<0.01). **P<0.01.
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were similar to empty plasmid pGL3M. Adding miR-101 
mimics did not alter the activity of MUT group significantly, 
but significantly reduced the fluorescent intensity of WT 
group, indicating that miR-101 bound and changed the specific 
sequences of WT-PTEN‑3'UTR promoter (Fig. 4B).

Discussion

By using digital miRNA expression profiling, we herein 
observed that miR-101 was significantly upregulated. Besides, 
qPCR detection showed that miRNA expression in tumor 
tissues was upregulated by over 2-fold. The expressions 
of miR-101 in SMMC-7721 and HepG2 cells were highly 
expressed, and that in Huh7 cells was lowly expressed. 
Therefore, the three types of cells were used (28).

Since miR-101 was ubiquitously highly expressed in HCC 
cells, the results of digital miRNA expression profiling were 
verified correctly. Moreover, correlation between miR-101 
expression and clinical prognosis of HCC was also studied. 
Although miR-101 has been correlated with the prognosis of 
malignant tumors previously, it has rarely been correlated with 
that of HCC (5). Upregulation of miR-101 was the independent 
prognostic factor of overall and recurrence-free survival rates. 
High miR-101 expression was correlated with poor prognosis 
independent of tumor staging and other clinical variables, 
suggesting that miR-101 is a promising molecular marker for 

Figure 3. Determination of miR-101 desired genes by qPCR and western blotting. (A) qPCR results showed that of the 4 potential target genes, only phospha-
tase and tensin homolog deleted on chromosome 10 (PTEN) gene was expressed significantly differently; (B and C) western blotting exhibited that only PTEN 
protein was significantly upregulated (P<0.05) or downregulated (P<0.01). **P<0.01, *P<0.05.

Figure 4. Verification of phosphatase and tensin homolog deleted on chro-
mosome 10 (PTEN) by luciferase reporter assay. (A) Twelve sequences of 
miR-101, which were identical to WT-PTEN-3'UTR end, were disrupted by 
MUT-PTEN‑3'UTR; (B) luciferase reporter assay of 293T cells showed that 
negative control pGL3M-MUT‑PTEN‑3'UTR and pGL3M‑WT‑PTEN‑3'UTR 
were similar to empty plasmid pGL3M. Adding miR-101 mimics did not alter 
the activity of MUT group significantly, but significantly reduced the fluores-
cent intensity of WT group. **P<0.01.
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determining the prognosis of HCC. In this study, HCC metas-
tasis-associated miRNAs were correlated with recurrence and 
survival rates, and the expression levels of most miRNAs were 
correlated with survival time, being consistent with previous 
studies (29-31).

Of the four candidate genes, only PTEN yielded desirable 
results. Ever since 1997, PTEN, mutated in multiple advanced 
cancers  1  (MMAC1) and TGF-β-regulated and epithelial 
cell‑enriched phosphatase (TEP1) were found (32,33) which are 
actually the same gene that is referred to as PTEN now. PTEN 
is one of the genes that are most prone to mutation, the deletion 
and mutation of which are bound to induce malignant glioma, 
prostate cancer and HCC (34,35). As a highly conservative gene, 
PTEN affects many types of tumors by bispecific lipase.

Anti-miR-101 regulates the transcription of PTEN that 
influences the growth, apoptosis, proliferation and adhesion 
of tumor cells by mainly regulating negatively the PDK/AKT 
signaling pathway. Whereas, the PI3K/PKB/AKT signaling 
transduction pathway mainly promotes cell proliferation (36). 
PTEN protein can antagonize the effects of phosphatidylino-
sitol PI3K by dephosphorylating the substrate, and decreasing 
the contents of second messengers phosphatidylinositol-
3,4-diphosphate and phosphatidylinositol (3,4,5)-triphosphate. 
Thus, the activity of protein kinase can be maintained normal 
after negative regulation of the PI3K/PKB/AKT signaling 
transduction pathway, thus regulating cell proliferation, 
differentiation and apoptosis. Hence, this pathway is able to 
suppress cancer (37), by which anti‑miR-101 may exert inhibi-
tory effects. It has previously been reported that miR-101 may 
regulate cell proliferation, differentiation and apoptosis by 
affecting mitogen-activated protein kinase  (MAPK) via a 
certain pathway (38).

As the first anti-oncogene with phosphatase activity, 
PTEN inspires structural and functional studies for potential 
malignant tumor treatment. Mutter et al diagnosed early endo-
metrial cancer by using PTEN as a marker (39). In 2011, RNA 
was associated with cancer onset by manipulating the fate of 
molecules (12,13). In case the dialogue between PTEN gene 
and miRNA is ruined, unexpected disasters may occur. On 
the other hand, altering the dialogue may be able to prevent 
and treat cancer (40). The RNA management network seems 
to be applicable to non-protein-coding regions, thus playing 
an essential role in maintaining normal muscle development.

Although the correlation between anti-miR-101 and PTEN 
has been reported (40,41), in vitro cell experiments and clinical 
studies have seldom been referred simultaneously. We herein 
verified that high miR-101 expression may facilitate the prolif-
eration of HCC cells and miR-101 may participate in the onset 
of HCC as an oncogene. Moreover, the impact of miR-101 
on PTEN was also demonstrated, being in accordance with 
the results of Karreth et al (11). In conclusion, anti-miR-101 
may function as a small-molecule antitumor agent for HCC, 
and this study provides evidence for clarifying the molecular 
mechanism of HCC onset.
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