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Abstract: Background: MiR-101-3p has been reported to suppress invasion and metastasis in hepatocellular carci-
noma (HCC) cells. However, the relevant mechanisms are still unclear. The research seeks to determine systematic 
value of miR-101-3p in HCC, and comprehensively summarize the predicted target genes as well as their potential 
function, pathways and networks in HCC. Methods: The miR-101-1 profiles in 353 HCC patients from The Cancer Ge-
nome Atlas (TCGA) were analyzed. Meta-analysis was performed to estimate relationship of miR-101 (including pre-
cursor and mature miR-101) with clinical features and prognosis in HCC. Further, the promising targets of miR-101-
3p were predicted and followed with Gene Ontology (GO), pathway and network analysis. In addition, the functional 
impact of miR-101-3p was confirmed with in vitro experiments in HCC cells. Results: In TCGA data, low-expression 
of miR-101-1 might be a diagnostic (AUC: 0.924, 95% CI: 0.894-0.953) and prognostic (HR=1.55) marker for HCC. 
Down-regulated miR-101-1 also correlated with poor differentiation, advanced TNM stage, lymph node metastasis 
and high AFP level of HCC. Meta-analysis revealed that miR-101 down-regulation were associated with poor progno-
sis, high AFP level and advanced TNM stage of HCC. Moreover, 343 hub genes were filtered and miR-101-3p may 
be involved in intracellular signaling cascade, transcription, metabolism and cell proliferation. Focal adhesion and 
pathways in cancer were also significantly enriched. In vitro experiments demonstrated that miR-101-3p inhibited 
proliferation and promoted apoptosis in HCC cells. Conclusions: MiR-101-1 may be a prospective biomarker for 
diagnosis and prognosis of HCC. Potential targets of miR-101-3p could regulate genesis and development of HCC. 
The data offers insights into biological significances and promising targets of miR-101-3p for further investigation 
and potential therapies in HCC.
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Introduction

Hepatocellular carcinoma (HCC), the fifth lead-
ing carcinoma at diagnosis, was ranked second 
death cause in male and sixth in female with 
increasing incidence [1]. Recently, targeted 
drugs of oncogenic signaling pathways or asso-
ciated genes have afforded new insights into 
the treatment of HCC [2]. Despite the advances 
in diagnosis and treatment, the optimal thera-
peutic approaches are still limited [3] and the 
prognosis of HCC remains dismal due to late 
diagnosis [4]. In order to increase the survival 

rates of HCC, it is sorely required to search for 
novel therapeutic targets. 

MicroRNAs (miRNAs) are highly conserved small 
RNAs, which regulate transcription or post-tran-
scription through binding to targeted mRNAs 
[5]. Extensive researches have demonstrated 
that miRNAs were involved in various biological 
processes [6, 7]. Recently, accumulating evi-
dences have also suggested that aberrant level 
of miRNAs was related to proliferation, angio-
genesis and metastasis in various human 
malignancies [8]. Moreover, miRNAs may func-
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tion as oncogenes or cancer suppressor genes 
by up or down regulating and influencing differ-
ent biological functions of target genes [9]. 

A growing number of studies analyzed the 
expression of microRNA-101-3p (miR-101-3p, 
previous name miR-101) and its targeted ge- 
nes in HCC, and miR-101-3p (the mature 
miRNA) can be generated from miR-101-1 and 
miR-101-2 (the precursor miRNA) [8, 10]. 
Researches indicated that miR-101-3p was 
down-regulated as well as associated with poor 
prognosis in HCC [10, 11], and miR-101-3p 
noticeably promoted apoptosis and suppressed 
tumorigenesis, tumor cell migration, invasion 
and metastasis in HCC cells [12, 13]. However, 
previous researches into levels of miR-101-3p 
were inconsistent; thus a meta-analysis is 
required to fully explore the clinical significance 
of miR-101-3p. As far as we know, some vali-
dated targets of miR-101-3p have been docu-
mented such as enhancer of zeste homolog 2 
(EZH2) [14], RAB GTPase 5A (RAB5A) [15], and 
dual specificity phosphatase 1 (DUSP1) [16]. 
However, one single miRNA has hundreds of 
target genes and the precise molecular mecha-
nisms of miR-101-3p in neoplasia were still not 
fully understood. Comprehensive analysis of 
the target genes networks may help deeply 
understand the effect of miR-101-3p. Therefore, 
comprehensive and systemic analyses of the 
clinical value and target proteins of miR-101-3p 
are necessary to provide novel targets in HCC 
diagnosis and treatment. 

In this study, datasets of miR-101-1 in HCC 
patients were gained from The Cancer Genome 
Atlas (TCGA), which included 353 tumors and 
47 adjacent non-tumor liver tissues. Integrated 
meta-analysis quantitatively assessed the role 
of miR-101 (including precursor and mature 
miR-101) in HCC. Furthermore, bioinformatics 
analysis was carried out to predict targets of 
miR-101-3p and their potential roles by path-
way. Gene Ontology (GO) and network analyses 
were further performed. Finally, the role of miR-
101-3p on HepG2 cells was also confirmed with 
in vitro experiments. The current results 
explored the comprehensive roles and prospec-
tive molecular mechanisms of miR-101-3p, and 
might provide a potential marker for HCC thera-
peutic strategy.

Materials and methods

Patients in TCGA database

RNA sequence data were obtained from the 
TCGA dataset (https://cancergenome.nih.gov/), 
including 353 HCC patients and 47 adjacent 
non-cancer liver tissues. In HCC, miR-101-1 
level was analyzed, together with its relation-
ship with survival data and other clinical 
parameters. 

Meta-analysis of miR-101

The miR-101 expression levels in HCC patients 
were obtained from published studies (miR-
101-3p) and TCGA database (miR-101-1) up to 
30th September, 2016. General information 
with clinical parameters and survival data was 
extracted from eligible studies. OR and HR with 
95% CI were pooled to evaluate the connection 
of miR-101 (including precursor and mature 
miR-101) with HCC quantitatively. Significant 
heterogeneity was defined when inconsistency 
index (I2)>50% or P<0.10. Sensitivity analysis 
and potential publication bias were also 
assessed. Stata version 12.0 was applied to 
process all the data.

Prediction of miR-101-3p target genes

Putative genes of dysregulated miR-101-3p 
were predicted in 13 prediction databases in- 
cluding DIANAmT, mirTarBase, RNA22, miRan-
da, PICTAR, miRDB, miRWalk, PolymiRTS, PITA, 
RNAhybrid, Targetscan, Targetminer and Tar- 
Base [17]. The target genes which repeated in 
more than 8 out of 13 programs were retained. 
Furthermore, validated targets of miR-101-3p 
were searched in TarBase, mirTarBase and pub-
lished studies with strong evidences including 
luciferase reporter assay, WB and RT-PCR.

GO, KEGG and network analysis

To clarify biological functions of the selected 
target genes, GO enrichment analysis and 
KEGG analysis were shown by DAVID (https://
david.ncifcrf.gov, version 6.7) [17]. The poten-
tial functional networks of the selected genes 
were constructed and visualized with Cytos- 
cape 3.3.0 [18]. 
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Cell proliferation, cycle and apoptosis assays

MiR-101-3p mimics or inhibitor and negative 
control oligoes (GenePharma, China) with Li- 
pofectamine 2000 (Invitrogen, USA) transfect-
ed HepG2 cells. Transfected cells were incu-
bated for 0, 24, 48, 72 and 96 hours individu-
ally in 96-well plates. The viability of each group 
was evaluated by MTT (Beyotime, China) assay 
[19] and measured absorbance at 490 nm.  
Cell cycle detection kit was used to detect cell 
cycle and apoptosis. After 48-hour transfec-
tion, cells were collected and processed acc- 
ording to the instruction manual. Then the cell 
cycle and apoptosis results were obtained from 
flow cytometry (BECKMAN-COULTER EPICS XL, 
USA) at 488 nm. The results were assessed  
by the PI staining technique as previously 
described [20, 21].

Statistical analysis

SPSS20.0 was used to analyze data, which 
were shown with mean ± standard deviation 

(SD). The statistical significance between two 
groups was assessed by ANOVA, and multiple 
comparisons between groups were analyzed  
by least significant difference test (LSD-t). 
Spearman’s rank correlation was employed to 
analyze the relationship between miR-101-1 
and clinical features, and survival data were 
processed by Kaplan-Meier method. Each ex- 
periment was performed in three replications 
and P<0.05 revealed statistical significance. 

Results

Clinical significance of miR-101-1 in HCC with 
TCGA data

MiR-101-1 level was significantly lower in HCC 
compared with non-tumor group (Figure 1A). 
Receiver operating characteristic (ROC) curve 
was performed to evaluate whether miR-101-1 
can be used as a diagnostic marker for HCC. In 
the cases of HCC compared with non-cancer 
liver tissues, the area under the curve (AUC) 
was 0.924 (95% CI: 0.894-0.953) with 89.4% 

Figure 1. Clinical significance of miR-101-1 in HCC 
with TCGA data sets. A. MiR-101-1 was obviously 
downregulated in HCC compared with non-tumor 
liver tissues; B. ROC curve analysis of miR-101-1 
for discriminating HCC from non-tumor liver tis-
sues; C. Kaplan-Meier survival curves showed that 
lower expression of miR-101-1 with worse survival 
of HCC patients.
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sensitivity and 82.7% specificity (Figure 1B), 
indicating that low expression level of miR-101-

of miR-101-1 in HCC (HR: 1.55; 95% CI: 1.09-
2.22; P=0.015) (Figure 1C).

Table 1. Correlation of miR-101-1 expression with clinicopathological variables in HCC of TCGA data 
sets

Clinicopathological features Cases
MiR-101-1 expression

t P
Low High

Age ≥50 287 239 48 1.857 0.064 
<50 66 53 13

Gender Male 240 199 41 -0.723 0.470 
Female 113 93 20

Family history Yes 104 82 22 1.791 0.074 
No 201 170 31

Historical risk factor Yes 242 195 47 1.463 0.144 
No 82 73 9

Grade 3-4 129 119 10 -3.264 0.001 
1-2 220 170 50

Stage III-IV 86 74 12 -2.976 0.003 
I-II 245 199 46

Tumor stage T3-T4 89 77 12 -2.635 0.009 
T0-T2 262 214 48

Lymph node stage N1 3 3 0 -2.615 0.009 
N0 241 197 44

Metastasis stage M1 4 3 1 -0.432 0.666 
M0 256 211 45

AFP ≥400 63 56 7 -3.379 0.001 
<400 205 162 43

Liver fibrosis Yes 135 110 25 1.033 0.303 
No 71 57 14

Disease status Recurred/Progressed 166 131 35 -0.094 0.925 
Disease free 139 118 21

Annotation: AFP, alpha fetal protein; Historical risk factor including hepatitis B, hepatitis C, alcohol consumption and non-
alcoholic fatty liver diseases.

Figure 2. Flow chart of literature selec-
tion.

1 may be an ideal marker for 
HCC diagnosis. In the analysis 
of miR-101-1 with clinical 
parameters, low-expression 
of miR-101-1 was significantly 
associated with high histolog-
ical grade, high clinical stage, 
poor tumor stage, positive 
lymph node metastasis and 
high alpha fetal protein (AFP) 
level of HCC (Table 1). 
However, no significant differ-
ences were noted between 
miR-101-1 and age, gender, 
historical risk factor, metasta-
sis stage or liver fibrosis. 
Moreover, poor prognosis was 
observed with low expression 
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Table 2. Characteristics of studies and TCGA sets selected for meta-analysis

First 
author Year

Origin of 
popula-

tion

Speci-
men

Case 
number Methods Cut-off Age Stage 

(III)
Histological 

grade (3) AFP (+) HBsAg 
(+)

Tumor 
size 
(>5)

Cir-
rhosis

Follow-up 
(months)

Survival 
analysis

HR  
statistics

HR (95%CI)  
(neg) P

Li 2009 China Tissue 20 qRT-PCR 2-fold 47.8 
(mean)

N 10 (3+4) N 16 12 11 N N N N N

Lu 2010 China Tissue 18 qRT-PCR 0.28 47.9±10.3 
(mean)

N 6 9 (350) N 11 7 N N N N N

Zhang 2012 China Tissue 130 qRT-PCR 0.8  
(median)

>50 
(44.6%)

67 
(III+IV)

23 N N N 86 103.2 
(median)

OS, DFS R 3.27 (1.18-6.92); 
2.56 (1.32-5.69)

0.01; 
0.02

Wei 2012 China Tissue 40 qRT-PCR 0.48 ≥40 
(67.5%)

15 N 18 25 24 28 N N N N N

Fu 2013 China Serum 25 qRT-PCR 10.13 ≥40 
(84.0%)

5 N 7 19 9 18 N N N N N

Zheng 2015 China Plasma 163 qRT-PCR 2.24 ≥48.2 
(50.9%)

82 40 79 (20) N 78 108 63 OS R 2.08 (1.17-3.70) 0.01

TCGA  
(miR-101-1)

2015 USA N 353 Microarray 149921 59.5 
(mean)

86/331 
(III+IV)

129/349 
(3+4)

63/268 N N N 9.8  
(median)

OS C 1.55 (1.09-2.22) 0.02

Annotation: AFP, alpha fetal protein; neg, negative expression of miR-101-3p; N, not given; R, reported; C, calculated; HR, hazard ratio; OS, overall survival; DFS, disease free survival.
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Figure 3. Meta-analysis of miR-101 (including precursor and mature miR-101) expression in HCC patients. A and D. Forest plot and Begg’s funnel plot analysis of 
miR-101 low expression with AFP level; B and E. Forest plot and Begg’s funnel plot analysis of miR-101 low expression with TNM stage; C and F. Forest plot and 
Begg’s funnel plot analysis in down-regulated expression of miR-101 with poor prognosis.
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The relationship between miR-101 and clinico-
pathological parameters or prognosis

The flow chart of literature selection was shown 
in Figure 2. Eventually, six papers and TCGA 
data were selected in this meta-analysis from 
2009 to 2015 [11, 13, 22-25], and general 
characters were summarized in Table 2. Low ex- 

no obvious publication bias estimated with 
Egger’s and Begg’s test (Figure 3D-F).

Enrichment analysis of candidate targets of 
miR-101-3p

Bioinformatics analysis was performed to gain 
insight into the functional impact of targeted 

Figure 4. Flow chart of target genes se-
lection.

Table 3. Validated targets of miR-101-3p in published studies 
with strong evidences including luciferase reporter assay, 
western blot and qPCR

Genes
All validated AP1 DNMT3A HMGA2 PIK3CB RUNX1

ATG4D DUSP1 JAK2 Pim1 SOCS2
CDK8 EED KLF6 PRDM16 SOX9
c-Met EP4 Lin28B RAB5A SphK1
COX2 EZB1 MARCH7 Rac1 STMN1

CPEB1 EZB2 Mcl-1 Rap1b Stmnl
CXCL12 EZH2 MITF RLIP76 VEGF
CXCR7 Fos mTOR ROCK2 VEGF-C

Validated in HCC AP1 DUSP1 Mcl-1 ROCK2
ATG4D EED mTOR SOX9
COX2 EZH2 RAB5A STMN1

DNMT3A Fos Rap1b VEGF

pression of miR-101 was signifi-
cantly associated with the 
increased level of AFP (OR=0.63; 
95% CI: 0.41-0.98; P=0.038) 
(Figure 3A) and high TNM stage 
(OR=0.25; 95% CI: 0.10-0.62; 
P=0.003) (Figure 3B). Other clini-
copathological parameters includ-
ing age, tumor size, grade, HBsAg 
and cirrhosis were also analyzed, 
but no statistical significance was 
observed (Table S1). Furthermore, 
poor prognosis was observed 
among HCC patients with down-
regulated expression of miR-101 
(HR=1.80; 95% CI: 1.35-2.40; 
P<0.001) without obvious hetero-
geneity (χ2=2.67; I2=25.1%; 
P=0.263) (Figure 3C). There was 
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genes of miR-101-3p. A total of 7924 genes 
were obtained from predicted databases 
(Figure 4). Three hundred and forty-three genes 
were selected including 305 predicted targets 
with repetition in 8 of 13 programs. Sixty vali-
dated genes of miR-101-3p were obtained, 
among which 16 validated genes were involved 
in HCC (Table 3). The result of GO analysis was 
summarized in Table 4 and Figure 5, and the 
most significantly enriched items for each 
domain were exhibited according to their p val-
ues. The biological process (BP) of correlated 
genes showed their involvement in intracellular 
signaling cascade, metabolism, transcription, 

cell proliferation and biosynthesis processes. 
The analysis of molecular function (MF) 
revealed the most correlated functions were 
chromatin, ATP and transcription factor bind-
ing. Moreover, cellular component (CC) was 
enriched in insoluble fraction and nuclear 
lumen. Pathways from KEGG were significant- 
ly enriched in focal adhesion, colo- 
rectal cancer and pathways in cancer (Table 5 
and Figure 6). Moreover, MAPK, VEGF and che-
mokine signaling pathways were also revealed 
to have statistical significance. The correlation 
analyses based on the biological significances 
between targeted genes were further identified 

Table 4. GO functional annotation for the most significantly enriched targeted genes of miR-101-3p
GO ID GO Term Count P Value
Biological process

    GO:0007242 Intracellular signaling cascade 54 3.27E-07

    GO:0006793 Phosphorus metabolic process 43 3.81E-06

    GO:0006796 Phosphate metabolic process 43 3.81E-06

    GO:0045449 Regulation of transcription 84 1.30E-05

    GO:0009891 Positive regulation of biosynthetic process 33 1.75E-05

    GO:0016310 Phosphorylation 36 2.01E-05

    GO:0031328 Positive regulation of cellular biosynthetic process 32 3.31E-05

    GO:0006468 Protein amino acid phosphorylation 31 4.93E-05

    GO:0051173 Positive regulation of nitrogen compound metabolic process 30 6.58E-05

    GO:0010557 Positive regulation of macromolecule biosynthetic process 30 8.63E-05

    GO:0045935 Positive regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process 29 9.30E-05

    GO:0008283 Cell proliferation 23 1.04E-04

    GO:0045941 Positive regulation of transcription 27 1.09E-04

    GO:0045893 Positive regulation of transcription, DNA-dependent 24 1.44E-04

    GO:0043549 Regulation of kinase activity 20 1.57E-04

Cellular component

    GO:0005626 Insoluble fraction 39 5.44E-08

    GO:0031981 Nuclear lumen 52 7.24E-07

    GO:0005654 Nucleoplasm 37 1.57E-06

    GO:0005624 Membrane fraction 34 4.61E-06

    GO:0000267 Cell fraction 41 4.62E-06

    GO:0043233 Organelle lumen 58 5.70E-06

    GO:0031974 Membrane-enclosed lumen 58 1.04E-05

    GO:0070013 Intracellular organelle lumen 56 1.29E-05

    GO:0005694 Chromosome 22 5.92E-05

    GO:0044427 Chromosomal part 19 1.56E-04

Molecular function

    GO:0003682 Chromatin binding 15 3.44E-06

    GO:0005524 ATP binding 56 1.72E-05

    GO:0032555 Purine ribonucleotide binding 65 2.47E-05

    GO:0032553 Ribonucleotide binding 65 2.47E-05

    GO:0032559 Adenyl ribonucleotide binding 56 2.53E-05

    GO:0008134 Transcription factor binding 27 3.26E-05

    GO:0000166 Nucleotide binding 75 3.28E-05

    GO:0017076 Purine nucleotide binding 66 5.07E-05

    GO:0030554 Adenyl nucleotide binding 57 5.49E-05

    GO:0030528 Transcription regulator activity 55 6.60E-05
Annotation: GO, Gene Ontology; Count, number of genes enriched in each GO term.
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in the Cytoscape program and the network rela-
tionship was shown in Figure 7. 

MiR-101-3p promoted apoptosis and inhibited 
proliferation in HepG2 cells

The enforced expression of miR-101-3p signifi-
cantly inhibited proliferation in mimic transfec-

tion group. Obvious proliferation was noted in 
miR-101-3p inhibitor transfection group com-
pared with control groups. Cells were arrested 
and on the rise in G0/G1 phase in miR-101-3p 
mimic group compared with control group, 
while in inhibitor group, cells increased in S 
phase with obvious statistical significance 
(P<0.05, Figure 8A). In cell apoptosis analysis, 

Figure 5. Top 10 GO functional 
annotation of miR-101-3p tar-
geted genes by DAVID.

Table 5. KEEG pathways enriched for miR-101-3p targeted genes by DAVID
KEGG ID KEGG Term Count P Value Genes
hsa04510 Focal adhesion 14 2.66E-04 CAV3, PIK3CB, ROCK2, MET, PIP5K1C, PPP1CC, CAPN2, COL5A2, MAPK1, 

ITGB8, VEGFA, RAC1, PPP1R12A, RAP1B

hsa05210 Colorectal cancer 9 3.42E-04 MAPK1, FOS, CASP3, PIK3CB, TGFBR1, MET, RAC1, FZD4, FZD6

hsa05200 Pathways in cancer 16 3.31E-03 E2F3, PTGS2, PIK3CB, TGFBR1, MITF, MET, FZD4, FZD6, FOS, MAPK1, 
CASP3, VEGFA, RAC1, HHIP, MTOR, RUNX1

hsa05211 Renal cell carcinoma 7 3.32E-03 MAPK1, PIK3CB, MET, VEGFA, GAB1, RAC1, RAP1B

hsa04062 Chemokine signaling pathway 10 1.63E-02 MAPK1, TIAM2, ROCK2, GNB1, PIK3CB, RAC1, RAP1B, GNG2, JAK2, 
CXCL12

hsa04930 Type II diabetes mellitus 5 1.65E-02 MAPK1, SOCS2, PIK3CB, MTOR, PRKCE

hsa05212 Pancreatic cancer 6 1.72E-02 MAPK1, E2F3, PIK3CB, TGFBR1, VEGFA, RAC1

hsa04370 VEGF signaling pathway 6 2.02E-02 MAPK1, PTGS2, PIK3CB, VEGFA, SPHK1, RAC1

hsa04520 Adherens junction 6 2.24E-02 MAPK1, TJP1, NLK, TGFBR1, MET, RAC1

hsa04150 mTOR signaling pathway 5 2.32E-02 MAPK1, PIK3CB, VEGFA, PRKAA1, MTOR

hsa05221 Acute myeloid leukemia 5 3.30E-02 MAPK1, PIK3CB, PIM1, MTOR, RUNX1

hsa04350 TGF-beta signaling pathway 6 3.56E-02 MAPK1, ACVR2B, RBL2, ROCK2, TGFBR1, ID4

hsa04310 Wnt signaling pathway 8 3.90E-02 VANGL1, ROCK2, PPP2R5A, NLK, RAC1, FBXW11, FZD4, FZD6

hsa04722 Neurotrophin signaling pathway 7 4.57E-02 MAPK1, PIK3CB, GAB1, RAC1, SH2B3, RAP1B, KIDINS220

hsa04666 Fc gamma R-mediated phagocytosis 6 4.90E-02 MAPK1, PIK3CB, SPHK1, RAC1, PIP5K1C, PRKCE
Annotation: KEGG, Kyoto Encyclopedia of Genes and Genomes; Count, number of genes enriched in each KEGG term.
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apoptosis rates rose with mimic contrast with 
the mock-treated cells especially in the early 
stage of apoptosis, and opposite result was 
obtained with inhibitor transfection (P<0.05, 
Figure 8B). 

Discussion

Recently, miR-101-3p has been reported to 
play important roles in tumorigenesis. Decre- 
ased miR-101-3p expression was observed in a 
number of tumors, such as lung, colon, liver, 
gastric, breast, ovary and prostate cancers [14, 
26-27]. Comprehensive and systematical anal-
ysis of the clinical significance of miR-101-3p in 
HCC is still limited, and the biological functions 
as well as mechanisms of anti-tumor are still 
unexplored.

The data from TCGA showed miR-101-1 quanti-
ty was obviously lower in cancer than in non-
tumor liver tissues, and miR-101-1 had great 
diagnostic value of HCC. Down-regulated miR-
101-1 was also closely related to poor differen-
tiation, high TNM stage, poor tumor stage, posi-
tive lymph node metastasis and high AFP level 
of HCC. The result indicated that down-regula-
tion of miR-101-1 participated in the progres-
sion of HCC. Low expression of miR-101-1 
revealed poor overall survival in HCC patients. 
MiR-101-3p is the majority production of miR-
101-1, and the significance of miR-101-1 in 

the prognostic and clinicopathological roles of 
miR-101 in HCC patients, and this result was 
likely to show the association of down-regulat-
ed miR-101 with poor prognosis, positive AFP 
expression and higher TNM stage. The result 
might improve the clinical diagnosis and prog-
nosis of HCC. However, potential bias may exist 
due to the small number of studies (n=7) and 
included cases only from Asian and American countri- 
es. More investigations with large samples 
should be performed to clarify the influence of 
miR-101 in HCC patients.

In recent years, targeted drugs of oncogenic 
signaling pathways or associated genes have 
afforded new insights into the treatment of 
HCC [2], but chemotherapeutic drugs still have 
limited efficacy [28]. To find more potential tar-
gets and detect biological significance as well 
as potential malignant mechanisms of the 
altered miR-101-3p expression, systemic bioin-
formatics analysis was conducted and the sig-
nal pathways of genes were evaluated.

In the 343 putative miR-101-3p targets, the 
most frequent functions were intracellular sig-
naling cascade, transcription, metabolism, cell 
proliferation, biosynthesis processes, tran-
scriptional activation and chromatin binding, 
which evidently showed that candidate genes 
may have a definitive impact on hepatocarcino-
genesis. Sixteen validated targets of miR-101-
3p in HCC have been reported including activa-

Figure 6. KEEG pathways enriched for miR-101-3p targeted genes by DAVID. 
The statistical significance level (P-value) was negative 10-based log trans-
formed.

TCGA datasets could reflect 
the importance of miR-101-
3p largely. In the research of 
Zhang et al [23], down-regu-
lated miR-101-3p was an 
independent prognostic fac-
tor, and was frequently 
detected in advanced tumor 
grade and clinical stage of 
HCC tissues. In one recent 
study of plasma, low-expres-
sion of miR-101-3p predicted 
worse survival rate of HCC 
patients as well [11].

The clinical value of miR-101 
(including precursor miRNA 
miR-101-1 of TCGA database 
and mature miRNA miR-101-
3p of published studies) was 
further investigated with a 
quantitative meta-analysis. 
This meta-analysis evaluated 
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Figure 7. The constructed networks of miR-101-3p targeted genes by Cytoscape, including biological process (BP), cellular component (CC) and molecular function 
(MF) networks. Node’s color and size represents the significance of interactions.
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Figure 8. Cycle and apoptosis were effected by miR-101-3p in HepG2 cells. A, C. MiR-101-3p mimics and inhibitor effect on cell cycle, cell cycle was arrested in S 
phase with the effect of miR-101-3p inhibitor and in G0/G1 phase in miR-101-3p mimics transfected group; B, C. MiR-101-3p mimics and inhibitor effect on cell 
apoptosis, miR-101-3p overexpressed induced apoptosis and opposite result with miR-101-3p inhibitor transfection. Annotation: NC, negative control. 
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tor protein-1 (AP-1), autophagy-related protein 
4D (ATG4D), cycloxygenase-2 (COX2), DNA me- 
thyltransferase 3A (DNMT3A), DUSP1, embry-
onic ectoderm development (EED), EZH2, FOS, 
Mcl-1, mTOR, RAB5A, ras-associated protein-1 
b (Rap1b), ROCK2, SOX9, stathmin 1 (STMN1) 
and VEGF. In recent studies of HCC, transcrip-
tion factor AP-1 has been verified to participate 
in the transcription regulation progress medi-
ated by miR-101-3p [10]. MiR-101-3p was sh- 
own to play an important role in enhanced 
apoptosis through the inhibition of autophagy 
via targeting ATG4D, mTOR, RAB5A and STMN1 
in HCC cells [29]. In a latest research of Zheng 
et al [11], overexpression of miR-101-3p re- 
duced COX2, STMN1 and directly down-regulat-
ed ROCK2 in HCC cells. MiR-101-3p was down-
regulated and induced aberrant DNA meth- 
ylation by targeting DNMT3A in hepatitis B  
virus (HBV) related HCC [24], and miR-101-3p 
regulated macrophage innate immune respons-
es to LPS via targeting DUSP1 [16]. In the study 
of Chiang et al [30], miR-101-3p was proved to 
target EZH2 and EED, acting as a suppressive 
gene in HCC. Li et al [13] has concluded that 
miR-101-3p repressed FOS oncogene level and 
inhibited invasion and migration in HCC cell 
lines. He et al [31] demonstrated that miR-101-
3p enhanced sensitivity of HCC by down-regu-
lating Mcl-1 expression. MiR-101-3p was con-
firmed to mediate Rap1b level, and was 
associated with migration and proliferation in 
HBV-related HCC [32]. Zhang et al [23] indicat-
ed that miR-101-3p could target SOX9 and be 
involved in proliferation and tumorigenicity in 
HCC cells. Moreover, miR-101-3p, which direct-
ly inhibited VEGF-C expression in HCC cells, 
was assumed to exert a suppressive effect on 
invasion and migration [33].

A total of 19 pathways were obtained in the 
analysis of miR-101-3p targets, and most of 
them have already been proved to be associat-
ed with HCC. Previous researches have report-
ed that focal adhesion [34], chemokine signal-
ing pathway [35], type II diabetes mellitus [36], 
VEGF signaling pathway [37], adherens junction 
[38], mTOR signaling pathway [39], TGF-beta 
signaling pathway [40] and Wnt signaling path-
way [41] play crucial roles in the genesis and 
progress of HCC. In addition, the network con-
struction of miR-101-3p-mediated targets sh- 
owed the similar biological functions with GO 
analysis by DAVID mentioned above. The BP 

enriched in intracellular signaling process, tran-
scription, metabolism and biosynthesis pro-
cesses. The MF focused on the protein or chro-
matin binding and transcriptional activation. 
The CC was most correlated with insoluble  
fraction and nucleus. The highly connected  
targets are the center of gene regulation and 
play important roles in biological process  
and molecular function. The result may lay the 
foundation for studies on mechanisms of 
miR-101-3p.

Among the pathways of miR-101-3p targeted 
genes, focal adhesion kinase (FAK) has been 
reported to be activated by MET and to pro-
mote proliferation in HCC cells [34]. The inhibi-
tion of PI3K/Akt/mTOR signaling pathway was 
shown to arrest cycle and induce apoptosis 
associated with the expression of mTOR and 
CXC195 in HCC cells [39, 42]. The analysis of 
other potential pathways revealed that VEGF 
signaling pathway might influence cell prolifera-
tion, cycle and apoptosis by targeting PTGS2 
and SPHK1. JAK2, TGFBR1, MAPK1, VEGFA and 
RAC1 may contribute to cell proliferation and 
apoptosis, which is related to adherens junc-
tion, Fc gamma R-mediated phagocytosis, neu-
rotrophin, chemokine and TGF-beta signaling 
pathways. GAB1, GNB1, CXCL12 and RAP1B 
are proliferation related genes and regulated by 
neurotrophin and chemokine signaling path-
ways. TGF-beta, Wnt and chemokine signaling 
pathways probably regulate cell cycle associat-
ed with ROCK2, RBL2, FBXW11 and PPP1CC. 
To further confirm the role of miR-101-3p in 
HCC, in vitro experiments were performed in 
HepG2 cells. In this study, enforced miR-101-3p 
inhibited the proliferation and induced apopto-
sis, indicating the antitumor feature of miR-
101-3p in HCC, which was consistent with pre-
vious studies [15, 32]. This experimental 
evidence confirmed the anti-cancer role of miR-
101-3p by regulating cell biological processes 
in HCC.

In conclusion, there is a connection between 
miR-101-1 and clinical parameters of HCC. 
Down-regulated miR-101-1 may be a diagnostic 
marker and related with poor prognosis for HCC 
patients, and the influence might be induced by 
proliferation promotion and apoptosis inhibi-
tion of HCC cells. MiR-101-3p may perform its 
biological functions via focal adhesion, path-
ways in cancer and chemokine signaling path-
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way by targeting relevant crucial genes. The 
targeted genes of miR-101-3p are involved in 
the development progress of HCC and novel 
targets should be provided for diagnosis and 
treatment to inhibit tumorigenicity of HCC. The 
mechanisms of predicted targets have not 
been fully examined and functional experi-
ments are urgently required for further 
confirmation. 
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Table S1. Meta-analysis of miR-101 (including precursor and mature miR-
101) expression and clinicopathological parameters of HCC
Clinicopathological 
parameters

Number of 
studies OR (95% CI) P

Heterogeneity
x2 I2 (%) P

Age 6 0.74 (0.52-1.06) 0.100 1.00 0.0 0.963
Gender 6 0.82 (0.56-1.19) 0.296 2.25 0.0 0.814
Tumor size 5 1.36 (0.39-4.73) 0.625 13.28 69.9 0.010
Grade 5 0.33 (0.09-1.20) 0.093 18.34 78.2 0.001
TNM stage 5 0.25 (0.10-0.62) 0.003 17.85 77.6 0.001
AFP 5 0.63 (0.41-0.98) 0.038 2.04 0.0 0.729
HBsAg 3 0.67 (0.04-11.25) 0.780 10.78 81.4 0.005
HBV-DNA 3 1.93 (0.06-59.41) 0.706 16.62 88.0 <0.001
Cirrhosis 6 0.77 (0.51-1.18) 0.235 0.78 0.0 0.978


