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Background: Studies which focused on the character of miR-144-3p in hepatocellular 

carcinoma (HCC) are limited. This study aimed to explore the expression, clinical significance 

and the potential targets of miR-144-3p in HCC.

Methods: The Cancer Genome Atlas (TCGA) and a cohort of 95 cases of HCC were applied 

to investigate aberrant miR-144-3p expression in HCC. A meta-analysis was performed to 

accumulate data on miR-144-3p expression in HCC based on TCGA, quantitative reverse 

transcription-polymerase chain reaction (qRT-PCR) and Gene Expression Omnibus (GEO). 

Additionally, the potential regulatory mechanisms of miR-144-3p in HCC were explored by 

bioinformatics.

Results: MiR-144-3p expression was downregulated distinctly in HCC compared to para-HCC 

tissue both in TCGA data (8.9139±1.5986 vs 10.7721±0.9156, P,0.001) and in our qRT-PCR 

validation (1.3208±0.7594 vs 2.6200±0.9263, P,0.001). The meta-analysis based on TCGA, 

qRT-PCR and GEO data confirmed a consistent result (standard mean difference =-0.854, 

95% CI: -1.224 to -0.484, P,0.001). The receiver operating characteristic curve of 

miR-144-3p gained a significant diagnostic value both in TCGA data (area under the curve 

[AUC] =0.852, 95% CI: 0.810 to 0.894, P,0.001) and in qRT-PCR validation (AUC =0.867, 

95% CI: 0.817 to 0.916, P,0.001), especially in alpha-fetoprotein–negative HCC patients 

(AUC =0.900, 95% CI: 0.839 to 0.960, P,0.001). Furthermore, we identified 119 potential 

targets of miR-144-3p in HCC by bioinformatics. Gene ontology and Kyoto Encyclopedia of 

Genes and Genomes pathway analyses revealed that several significant biologic functions and 

pathways correlated with the pathogenesis of HCC, including the p53 signaling pathway.

Conclusion: MiR-144-3p may function as a cancer suppressor microRNA, which is essential 

for HCC progression through the regulation of various signaling pathways. Thus, interactions 

with miR-144-3p may provide a novel treatment strategy for HCC in the future.

Keywords: miR-144-3p, hepatocellular carcinoma, TCGA, qRT-PCR, GEO, gene functional 

enrichment analysis

Introduction
Hepatocellular carcinoma (HCC) is a common malignancy with a high incidence and 

unsatisfactory prognosis worldwide.1,2 In the past few decades, surgery was considered 

the first-line treatment of HCC.3,4 However, most HCC patients were diagnosed in 

advanced stage and, therefore, lost the chance for surgery.5–7 Up to now, it still remains 

a challenge to improve the survival of HCC patients.8 Despite great progress in the 

treatment of HCC, including interventional therapy and molecular target treatment, 

only one molecular targeted agent (sorafenib) has been demonstrated to improve 
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the survival of HCC.9–13 Consequently, it is worthwhile to 

identify novel molecular targets to facilitate early diagnosis 

and targeted therapy of HCC to achieve a better survival of 

HCC patients.

MicroRNAs (miRNAs) are a family of noncoding RNAs 

which can take part in cell apoptosis and proliferation.14–19 

Recently, it has been reported that miRNAs can play an 

indispensable role in the pathogenesis of cancers through the 

regulation of oncogene and anti-oncogene.20–28 There have 

been three published articles that investigated miR-144-3p 

level in HCC tissue with small sample size, and all of 

them showed downregulation of miR-144-3p expression in 

HCC.29–31 However, the limited sample size of the three indi-

vidual studies (23 pairs, 33 pairs and 100 pairs, respectively) 

may lead to false-positive results and a weak conclusion. 

Hence, attempts to verify the altered miR-144-3p expression 

in HCC are necessary.

Up to now, several studies have investigated the clinical 

impact of miR-144-3p in several cancers, and all demon-

strated the important role of miR-144-3p in carcinogenesis. 

In lung cancer, miR-144-3p could inhibit cell proliferation 

and induce apoptosis and autophagy. In bladder cancer, Guo 

et al64 clarified that miR-144-3p could regulate Wnt signal-

ing pathway to promote cancer cell proliferation. In prostate 

cancer, Gu et al65 clarified that miR-144-3p was associated 

with radiosensitivity. However, the investigation into the 

role of miR-144-3p in HCC is rare. Thus, in this study, we 

focused on the role of miR-144-3p in HCC.

In this study, we investigated the miR-144-3p level in 

HCC from three sources (The Cancer Genome Atlas [TCGA] 

database, quantitative reverse transcription-polymerase chain 

reaction [qRT-PCR] and Gene Expression Omnibus [GEO] 

database) and combined them by a meta-analysis. Afterward, 

the clinical significance of miR-144-3p in the diagnosis and 

prognosis of HCC was evaluated. Moreover, the underlying 

mechanisms of the pathogenesis of HCC were analyzed 

through identifying the potential target genes of miR-144-3p 

and performing a gene functional enrichment analysis.

Materials and methods
Patients and samples
We collected 95 HCC samples with matched adjacent non-

tumor tissues from 75 males and 20 females (mean age: 

50 years) at the First Affiliated Hospital of Guangxi Medical 

University between March 2010 and March 2012. The 

patients in this cohort had not received any treatment before 

the surgery. Two pathologists performed the pathologic 

diagnoses independently. The study was approved by the 

ethics committee of the First Affiliated Hospital of Guangxi 

Medical University, Nanning, China, and all patients signed 

the written informed consent for our study.

MiR-144-3p expression in HCC in TCGA
We mined TCGA database (https://cancergenome.nih.gov/) 

to explore miR-144-3p expression in HCC tissues. The level 

three data of the miRNA profile of HCC with the correspond-

ing clinical data were evaluated. Next, miR-144 expression 

was selected from the miRNA profile. Subsequently, we 

conducted the statistical analyses to assess miR-144 expres-

sion in HCC and the associations between miR-144 level and 

the clinicopathologic features.

Quantitative reverse transcription-
polymerase chain reaction
The qRT-PCR procedure has been reported in our previous 

studies.20,22,32–39 A combination of RUN6B and RUN48, which 

has been considered a stable internal control in our previous 

studies, was utilized as a reference for the detection of miR-

144-3p levels in this study.20,35,40 The RNU6B, RNU48 and 

miR-144-3p primers were involved in the TaqMan MicroRNA 

Assays (4427975; Thermo Fisher Scientific, Waltham, MA, 

USA), and their sequences were as follows: miR-144-3p, 

UACAGUAUAGAUGAUGUACU; RNU6B,CGCAAGGA

UGACACGCAAAUUCGUGAAGCGUUCCAUAUUUUU;  

RNU48, GAUGACCCCAGGUAACUCUGAGUGU 

GUCGCUGAUGCCAUCACCGCAGCGCUCUGACC. The 

miR-144-3p level was computed by the formula 2-Δcq.20,22,32–39

MiR-144-3p expression in HCC 
in the GEO
We searched for miR-144-3p expression in HCC in GEO 

database with the following key words: 1) (hepatocellular 

OR liver OR hepatic OR HCC), 2) malignan* OR cancer 

OR tumor OR tumour OR neoplas* OR carcinoma and 

3) microRNA OR miRNA OR miR. The microarrays, which 

examined miR-144-3p expression in HCC tissues and non-

cancerous tissues, were included. The microarrays with poor 

quality were excluded. The microarray with poor quality 

was the one that 1) did not provide useful data for meta-

analysis, 2) did not have control group and 3) only detected 

one sample of HCC. Finally, the included GEO dataset was 

GSE41874, GSE40744, GSE21362, GSE22058, GSE12717 

and GSE57555.

Meta-analysis
Stata 12.0 software was used for the meta-analysis. The meta-

analysis combined three sources (TCGA data, qRT-PCR data 

and GEO data) of the expression of miR-144-3p in HCC. 
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Standard mean difference (SMD) with 95% CI was utilized 

to assess the pooled data in the meta-analysis. The Q test 

(chi-squared test) and I2 were calculated to judge the het-

erogeneity among the eligible studies. A fixed-effects model 

was performed if no obvious heterogeneity existed among 

the pooled studies (I2,50% and P.0.1) and a random-effect 

model was utilized when obvious heterogeneity was observed 

among the studies (I2.50% or P,0.1).41

MiRNA target prediction
Twelve databases (miRWalk, Microt4, miRanda, mirbridge, 

miRDB, miRMap, miRNAMap, Pictar2, PITA, RNAhybrid, 

Targetscan and miRWalk) were used for the target predic-

tion of miR-144-3p,42 and the predicted target genes of 

miR-144-3p that were reported in at least four databases 

were selected. Three databases (miRTarbase, Tarbase and 

miRNet) were searched to obtain the validated targets of 

miR-144-3p.43–45 Next, we combined the two parts to identify 

the target genes of miR-144-3p and applied the target genes 

to further gene functional enrichment analysis.

Natural language processing (NLP) 
analysis of HCC-related studies
We retrieved the PubMed database with the following 

keywords: 1) hepatocellular OR liver OR hepatic OR HCC and 

2) malignan* OR cancer OR tumor OR tumour OR neoplas* 

OR carcinoma. In the published studies, the HCC-related 

genes were identified through A Biomedical Named Entity 

Recognizer (http://pages.cs.wisc.edu/~bsettles/abner/).

As for the NLP analysis, we computed the frequency of 

all the genes in the included studies in PubMed database. 

A higher frequency of a certain gene represents a greater like-

lihood of the associations between HCC and the certain gene. 

The probability of a frequency greater than “k” co-citations 

was analyzed of random conditions via hypergeometric dis-

tribution. A P-value 0.01 showed statistically significance. 

The P-value of a certain HCC-related gene was calculated 

with the following formulas:
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where N indicates all the eligible studies, m is the frequency 

of the related genes, n is the frequency of HCC and k is the 

co-occurrence of HCC and a certain gene.

Gene functional enrichment analysis by 
bioinformatics
Gene ontology (GO) analysis, including three sections 

(biologic process, molecular function and cellular com-

ponent), was completed in DAVID database.46 Cytoscape 

software with BINGO contributed to the GO network. The 

protein-to-protein network was analyzed in STRING.47 The 

databases of the Kyoto Encyclopedia of Genes and Genomes 

(KEGG) and Panther were also applied in the enrichment of 

the underlying biologic pathways of miR-144-3p targets.

Statistical analysis
We conducted all the statistical analyses in SPSS 22.0 software 

and used Student’s t-tests to analyze the quantitative miR-

144-3p levels between two groups. One-way analysis of 

variance was utilized for three groups. Furthermore, we 

exploited receiver operating characteristic (ROC) curves and 

calculated the area under the curve (AUC) to estimate the 

diagnostic value of miR-144-3p for HCC. The standard to 

assess the efficacy for HCC diagnosis in ROC was as follows: 

low (AUC: 0.5–0.7), moderate (AUC: 0.7–0.9) and high 

(0.9–1.0). A P-value 0.05 indicated statistical difference.

Results
MiR-144-3p expression in HCC 
based on TCGA
Regarding TCGA data, decreased miR-144-3p levels were 

detected in 354 HCC tissues (8.9139±1.5986) compared to 

50 adjacent normal liver tissues (10.7721±0.9156, P,0.001; 

Figure 1A). Not surprisingly, a consistent expression pattern 

was observed in 48 pairs of HCC and adjacent normal liver 

tissues (P,0.001; Figure 1B). The P-value of the diagnostic 

power in ROC curve was ,0.001 (AUC =0.852, 95% CI: 

0.810 to 0.894, P,0.001; Figure 2A). The results of the 

relationships between miR-144-3p and the clinicopathologic 

characteristics from TCGA data are summarized in Table 1. 

Low miR-144-3p expression was only detected in high patho-

logic stage rather than low pathologic stage. No significant 

correlation was observed between miR-144-3p and other 

clinicopathologic features. In the survival analyses by Prog-

MIR (http://xvm145.jefferson.edu/progmir/), no significant 

results were observed (hazard ratio =0.93, 95% CI: 0.83 to 

1.04, P=0.204).

MiR-144-3p expression validation in 
HCC by qRT-PCR
In contrast to the adjacent normal liver tissue (2.6200±0.9263), 

miR-144-3p was significantly underexpressed in HCC tissue 
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(1.3208±0.7594, P,0.001) with a significant ROC curve 

(AUC=0.867, 95% CI: 0.817 to 0.916, P,0.001), as shown 

in Table 2, Figures 2B and 3A.

All of the clinicopathologic factors are presented in 

Table 2. Regarding the associations between the expres-

sion of miR-144-3p and the clinical characteristics in 

HCC, we found that the downregulation of miR-144-3p 

was detected in HCC with metastasis (1.1120±0.5994, 

P=0.006; Figure 3B), advanced tumor node metastasis 

(TNM) stage (1.1596±0.5821, P=0.001; Figure 3C) and 

tumor capsular infiltration (1.1746±0.6991, P=0.047; 

Figure 3D), compared to the HCC without metastasis 

(1.5433±0.8504), early TNM stage (1.8559±1.0146) 

and without tumor capsular infiltration (1.4833±0.7977), 

respectively. The rest of the clinicopathologic parameters 

of HCC had no significant influence on the expression of 

miR-144-3p (Table 2).

Interestingly, we obtained two altered AUCs in alpha-

fetoprotein (AFP)-positive HCC patients (AUC =0.827, 95% 

CI: 0.749 to 0.905, P,0.001; Figure 4A) and AFP-negative 

HCC patients (AUC =0.900, 95% CI: 0.839 to 0.960, 

P,0.001; Figure 4B).

Meta-analysis of miR-144-3p expression 
in HCC
Regarding the differential expression of miR-144-3p 

between HCC and nontumor liver tissues, six studies of 

microarrays in the GEO database (GSE41874, GSE40744, 

GSE21362, GSE22058, GSE12717, GSE57555), which 

involved 226 HCC tissues with 212 nontumor liver tissues, 

Figure 1 MiR-144-3p expression in HCC tissues in TCGA data.
Notes: (A) A comparison of miR-144-3p levels in 354 HCC tissues and 50 nontumor tissues in the TCGA data. The expression of miR-144-3p in TCGA data was normalized 
using a logarithm. (B) A comparison of miR-144-3p levels in 48 pairs of HCC tissues and adjacent nontumor tissues.
Abbreviations: HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.

Figure 2 Diagnostic value of miR-144-3p in HCC.
Notes: (A) The ROC curve of miR-144-3p expression based on TCGA data (AUC =0.852, 95% CI: 0.810 to 0.894, P,0.001). (B): The ROC curve of miR-144-3p expression 
by qRT-PCR validation (AUC =0.867 95% CI: 0.817 to 0.916, P,0.001).
Abbreviations: AUC, area under the curve; HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; ROC, receiver 
operating characteristic; TCGA, The Cancer Genome Atlas.
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were included for this meta-analysis. Next, we combined the 

available data (TCGA, qRT-PCR, GEO) by a meta-analysis, 

which obtained the pooled SMD of miR-144-3p as -0.854 

(95% CI: -1.224 to -0.484, P,0.001; Figure 5A) using a 

random-effects model, and the P-value of the heterogeneity 

test was ,0.001 (I2=79%). Moreover, we performed a sub-

group analysis which involved only six microarray studies, 

and a similar trend of SMD was also observed by a fixed-

effects model (SMD =-0.608, 95% CI: -0.803 to -0.412, 

P,0.001; heterogeneity: I2=26%, P=0.239; Figure 5B). No 

obvious publication bias was noted (Begg’s test: P=0.707, 

Egger’s test: P=0.968; Figure 6A). Likewise, we did not find 

obvious publication bias among the included studies (Begg’s 

test: P=0.711, Egger’s test: P=0.654; Figure 6B).

Potential targets of miR-144-3p
Twelve databases were searched to predict the potential 

targets of miR-144-3p. A total of 4,297 genes reported in at 

least four databases were obtained from those databases, 

and 14 validated target genes with strong evidence were 

identified via the combination of the miRTarBase and 

TarBase databases. Next, the genes reported in at least four 

databases were combined with the validated target genes, 

and finally, 4,311 genes were selected to represent the targets 

of miR-144-3p. A flowchart of this prediction analysis is 

presented in Figure 7.

Table 1 Expression of miR-144-3p and clinicopathologic param
eters in HCC in TCGA

Clinicopathologic 
features

n miR-141-3p expression

Mean ± SD t P-value

Tissue (unmatched)
Adjacent noncancerous liver 50 10.7721±0.9156 11.998 ,0.001

HCC 354 8.9139±1.5986

Tissue (matched)
Adjacent noncancerous liver 48 10.7654±0.9143 9.121 ,0.001

HCC 48 8.7981±1.5061

Age, years
,60 163 8.8618±1.5367 -0.573 0.567

$60 190 8.9598±1.6566

Gender
Male 241 8.9007±1.4400 -0.205 0.838

Female 113 8.9420±1.8999

AJCC pathologic T
T1 174 9.0404±1.5731 1.511 0.132

T2–T4 177 8.7826±1.6212

AJCC pathologic N
N0 241 8.9291±1.6087 F =0.157* 0.854

N1 3 8.4485±2.0641

NX 109 8.8825±1.5821

AJCC pathologic M
M0 256 8.9253±1.6432 F =0.139* 0.870

M1 4 8.5063±2.7689

MX 94 8.9001±1.4288

Cirrhosis
- 330 8.9345±1.6089 -0.336 0.737

+ 6 9.1577±1.8607

Pathologic stage
I–II 245 9.0072±1.5695 2.222 0.027

III–IV 83 8.5577±1.6588

Vasoinvasion
- 196 8.9452±1.6424 0.250 0.803
+ 105 8.8959±1.5828

Notes: *One-way ANOVA analysis was performed. t: the effect size of t-test.
Abbreviations: AJCC, American Joint Committee on Cancer; ANOVA, analysis of 
variance; HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.

Table 2 Expression of miR-144-3p and clinicopathologic param
eters in HCC in the 95 pairs detected by qRT-PCR

Clinicopathologic 
features

n miR-141 expression

Mean ± SD t P-value

Tissue
Adjacent noncancerous liver 95 2.6200±0.9263 10.960 ,0.001
HCC 95 1.3208±0.7594
Age, years
$50 46 1.2772±0.8318 -0.541 0.590
,50 49 1.3618±0.6907
Gender
Male 75 1.2807±0.7202 -0.999 0.321
Female 20 1.4715±0.8959
Size, cm
,5 18 1.2189±0.8645 0.631 0.530
$5 77 1.3447±0.7369
Tumor nodes
Single 52 1.4158±0.8055 1.346 0.182
Multiple 43 1.2060±0.6915
Metastasis
Without metastasis 46 1.5433±0.8504 2.840 0.006
With metastasis 49 1.1120±0.5994
TNM stage
I–II 22 1.8559±1.0146 3.070 0.001
III–IV 73 1.1596±0.5821
Portal vein tumor embolus
- 63 1.4165±0.8200 1.934 0.057
+ 32 1.1325±0.5904
Vasoinvasion
- 59 1.3971±0.8052 1.315 0.192
+ 36 1.1958±0.6697
Tumor capsular infiltration
With complete capsule 45 1.4833±0.7977 2.010 0.047
No capsule or infiltration 50 1.1746±0.6991
AFP
- 38 1.4739±0.8104 1.882 0.064
+ 41 1.1444±0.7458
Cirrhosis
- 45 1.3487±0.7741 0.337 0.737
+ 50 1.2958±0.7528

Note: t: the effect size of t-test.
Abbreviations: AFP, alpha-fetoprotein; ANOVA, analysis of variance; HCC, 
hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription-polymerase 
chain reaction; TNM, tumor node metastasis.
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Figure 3 MiR-144-3p expression detected by qRT-PCR validation.
Notes: (A) Ninety-five cases of HCC with matched 95 adjacent noncancerous liver tissues. (B) Metastasis. (C) TNM stage. (D) Capsule or infiltration.
Abbreviations: HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; TNM, tumor node metastasis.

Figure 4 Diagnostic value of miR-144-3p in AFP-positive and AFP-negative HCC.
Notes: (A) The ROC curve of miR-144-3p expression of AFP-positive HCC (AUC =0.827, 95% CI: 0.749 to 0.905, P,0.001). (B) The ROC curve of miR-144-3p expression 
of AFP-negative HCC (AUC =0.900, 95% CI: 0.839 to 0.960, P,0.001).
Abbreviations: AFP, alpha-fetoprotein; AUC, area under the curve; HCC, hepatocellular carcinoma; ROC, receiver operating characteristic.
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Figure 5 The forest plots for the meta-analysis of miR-144-3p expression in HCC.
Notes: (A) The meta-analysis of all available data of miR-144-3p expression in HCC, compared to noncancerous tissue. (SMD =-0.854, 95% CI: -1.224 to (-0.484), P,0.001). 
(B) The subgroup analysis of the meta-analysis of the microarray data (SMD =-0.608, 95% CI: -0.803 to -0.412, P,0.001). Weights are from random-effects analysis.
Abbreviations: HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; SMD, standard mean difference; TCGA, The 
Cancer Genome Atlas.

Overlap of the predicted target genes 
of miR-144-3p, the NLP analysis, the 
differential expression gene in HCC in 
TCGA data and its GO analysis
We extracted 1800 HCC-related genes in the NLP analysis 

and obtained 4,159 differential expression genes in HCC via 

the TCGA data. After combining the three aforementioned 

parts (the predicted targets of miR-144-3p, the NLP analysis 

for HCC-related genes and differential genes in HCC in 

TCGA data) by the intersection, 119 significant genes were 

identified to be responsible for the targets of miR-144-3p 

in the pathogenesis of HCC, and they were further utilized 
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for the GO analysis. There were 264 significant terms 

involving biologic processes (P,0.05). Among them, we 

achieved response to organic substance, response to hormone 

stimulus, regulation of cell proliferation, response to endog-

enous stimulus and response to steroid hormone stimulus 

(Table 3). Moreover, there were 32 terms involving cellular 

components (P,0.05), some of which were associated 

with extracellular region, extracellular space, platelet alpha 

granule lumen, fibrinogen complex, cytoplasmic membrane-

bounded vesicle lumen and so on (Table 3). Meanwhile, there 

Figure 6 The funnel plot of the meta-analysis of miR-144-3p expression in HCC.
Notes: (A) The funnel plot for the meta-analysis of all available data. (B) The funnel plot for the meta-analysis of the subgroup analysis of the microarray data.
Abbreviations: HCC, hepatocellular carcinoma; SE, standard error; SMD, standard mean difference.

Figure 7 The flowchart of the gene functional enrichment.
Abbreviations: HCC, hepatocellular carcinoma; KEGG, Kyoto Encyclopedia of Genes and Genomes; NLP, natural language processing; TCGA, The Cancer Genome Atlas.
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Table 3 GO analysis of the targets of miR-144-3p obtained from 
predicted target genes, validated targets, TCGA and NLP

GO ID Term Count P-value

Biologic process
0010033 Response to organic substance 26 1.07E-09
0009725 Response to hormone stimulus 19 1.56E-09
0042127 Regulation of cell proliferation 26 6.37E-09
0009719 Response to endogenous stimulus 19 7.36E-09
0048545 Response to steroid hormone stimulus 14 7.82E-09
Cellular component
0044421 Extracellular region part 24 2.48E-07
0005615 Extracellular space 18 7.64E-06
0031093 Platelet alpha granule lumen 6 1.11E-05
0005577 Fibrinogen complex 4 1.28E-05
0060205 Cytoplasmic membrane-bounded 

vesicle lumen
6 1.59E-05

Molecular function
0019900 Kinase binding 11 2.53E-06
0043499 Eukaryotic cell surface binding 5 1.03E-05
0043498 Cell surface binding 5 9.50E-05
0019899 Enzyme binding 15 1.18E-04

Notes: In the GO analysis of the targets of miR-144-3p obtained from the predicted 
target genes, the NLP analysis and the TCGA data, there were 264 available biologic 
processes, 32 cellular components and 26 molecular functions (P,0.05). In this 
table, the first five terms of the GO analysis are shown.
Abbreviations: GO, gene ontology; NLP, natural language processing; TCGA, The 
Cancer Genome Atlas.

were 26 significant terms enriched of molecular functions 

(P,0.05) including kinase binding, eukaryotic cell surface 

binding, cell surface binding, enzyme binding, sequence-

specific DNA binding and so on (Table 3).

Furthermore, BINGO analysis was conducted for the 

visualization of the GO analyses based on the overlapping 

119 genes. The associations among the GO terms are pre-

sented in Figure 8 (biologic processes), Figure 9 (cellular 

components) and Figure 10 (molecular function). The 

protein–protein interaction analysis was performed to iden-

tify the hub genes among the 119 overlapping genes, and in 

the protein–protein interaction analysis, we observed several 

genes in close association with the other genes, such as 

MAP2K1, JUN, SRC and CCND2 (Figure 11).

Pathway analysis of the overlapping 
genes between the predicted genes, the 
validated target genes of miR-144-3p and 
the NLP in KEGG
The overlapping 119 genes of the predicted genes, the 

NLP analysis and the differential expression of HCC in 

Figure 8 The BINGO analysis network: BP.
Notes: Each node stands for a certain process and a larger size indicates a larger number of genes involved in the process. The colored nodes indicate statistical difference 
(P,0.05), and a smaller P-value of the process owns a deeper color. White-colored nodes were only used to connect the BP without statistical difference. In this figure, the 
terms of P,10E-06 are presented for better visualization.
Abbreviation: BP, biologic processes.
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Figure 9 The BINGO analysis network: CC.
Notes: Each node stands for a certain process and a larger size indicates a larger number of genes involved in the process. The colored nodes indicate statistical difference 
(P,0.05), and a smaller P-value of the process owns a deeper color. White-colored nodes were only used to connect the biologic processes without statistical difference.
Abbreviation: CC, cellular components.

TCGA data were also applied to pathway analysis in KEGG 

database. There were 13 significant signaling pathways 

(P,0.05, Table  4), including pathways in cancer (AR, 

RET, MAP2K1, PTGS2, FOXO1, KITLG, GLI2, MMP1,  

CCNE2, CCNE1, FOS, ITGA6, CDKN2B, JUN, SLC2A1, 

PDGFRA, AXIN2, FIGF, P=3.73E-08); p53 signaling 

pathway (CCNE2, CCNB1, CCNE1, CCND2, CHEK1, 

THBS1, P=8.31E-04); cell cycle (CCNE2, CCNB1, CCNE1, 

CDKN2B, CCND2, CHEK1, MCM6, P=2.32E-03); focal 

adhesion (MAP2K1, ITGA6, CCND2, JUN, PDGFRA, 

THBS1, FIGF, SRC, P=6.08E-03); toll-like receptor signal-

ing pathway (FOS, MAP2K1, JUN, IL1B, TLR4, 2.45E-02) 

and so on (Table 4).

Pathway analysis of the overlapping genes 
of the predicted genes of miR-144-3p, 
the NLP and the differentially expressed 
gene in HCC in TCGA data in Panther 
database
In the Panther database, there were four signaling path-

ways (P,0.05), including several vital pathways related to 

carcinogenesis and cancer progression, such as cell cycle 

(CCNE2, CCNB1, CCNE1, CCND2, P=1.15E-02) and 

angiogenesis (FOS, EPHA7, SFRP1, JUN, TEK, PDGFRA, 

AXIN2, ANGPT2, SRC, P=3.28E-02; Table 5).

Discussion
HCC, as a common cancer, attracts more attention in clini-

cal practice worldwide because of the growing incidence 

and unsatisfactory survival despite all of the achievements 

in diagnosis and treatment.1,48 MiR-144-3p, a member of 

the miRNA family, can bind to its target mRNA in order to 

inhibit or promote oncogenesis and progression.49–51 Hence, 

it is pivotal to investigate and clarify the role of miR-144-3p 

in HCC in order to identify novel potential targets for the 

diagnosis, prediction of prognosis and treatment of HCC.

The expression of miR-144-3p has been explored in 

various cancers. Lower levels of miR-144-3p were found 

in breast cancer, renal cell carcinoma and hematologic 

malignancies.49,52,53 In esophageal carcinoma, Gao et al54 

and Shao et al55 observed that miR-144-3p was underex-

pressed. However, Sharma et al reported an opposite pat-

tern of miR-144-3p expression in esophageal carcinoma.56 

The inconsistent findings in esophageal carcinoma may 
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Figure 10 The BINGO analysis network: MF.
Notes: Each node stands for a certain process and a larger size indicates a larger number of genes involved in the process. The colored nodes indicate statistical difference 
(P,0.05), and a smaller P-value of the process owns a deeper color. The nodes of white color were only utilized to connect the biologic processes without statistical difference.
Abbreviation: MF, molecular functions.

have resulted from the limited sample size. With regard to 

miR-144-3p expression in HCC, there have been only three 

individual studies which focused on miR-144-3p expression 

in HCC tissues with small sample size. Zhou et al,30 Cao 

et al31 and Yu et al29 unveiled that miR-144-3p was down-

regulated in 23 pairs, 33 pairs and 100 pairs of HCC tissues 

with corresponding normal control tissues, respectively. 

Likewise, we observed a decreased miR-144-3p level both 

in TCGA data and in qRT-PCR validation (both P,0.001). 

More importantly, a meta-analysis (a method of evidence-

based medicine) was performed to accumulate the current 

individual evidence of the aberrant miR-144-3p in HCC, and 

we aimed to reach a more stable and convincing conclusion 

with a larger sample size. By combining the TCGA data, the 

qRT-PCR data and the GEO data, we confirmed the down-

regulation of miR-144-3p in 675 cases of HCC as compared 

to 357 normal liver tissues (SMD =-0.854, 95% CI: -1.224 to 

-0.484, P,0.001), and the result was more convincing than 

previous studies. After this, we also conducted the ROC curve 

to assess the diagnostic capability of miR-144-3p for HCC. 

Two significant AUCs of the ROC curves were reached in 

TCGA data (AUC =0.852, 95% CI: 0.810 to 0.894, P,0.001) 

and qRT-PCR validation (AUC =0.867, 95% CI: 0.817 to 

0.916, P,0.001). Interestingly, after separating the cohort 

for qRT-PCR validation into two groups (AFP-positive 

HCC and AFP-negative HCC), the diagnostic value of miR-

144-3p for HCC changed (AFP-positive HCC: AUC =0.827, 

95% CI: 0.749 to 0.905, P,0.001; AFP-negative HCC: 

AUC =0.900, 95% CI: 0.839 to 0.960, P,0.001). Based on 

the results above, we demonstrated that miR-144-3p, to a 

certain extent, had diagnostic value for HCC, especially for 

AFP-negative HCC. To our knowledge, about 80% patients 

with HCC have elevated AFP in the serum. AFP is a clinically 

accepted biomarker for the diagnosis and recurrence of HCC. 

The AFP-negative HCC, without obvious clinical manifesta-

tions, is difficult to be diagnosed in the early stage. In our 

study, miR-144-3p showed considerable diagnostic value for 

AFP-negative HCC, which could provide a novel strategy to 

improve the early diagnosis of AFP-negative HCC patients. 

Further in vivo and in vitro investigations are required to 

clarify the relevant mechanisms of alterations in miR-144-3p 

expression in HCC.
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Figure 11 Protein–protein interaction of the overlapping genes between the predicted target genes of miR-144-3p and the NLP analysis.
Notes: The protein-to-protein network analysis of the 119 overlapping genes of the predicted targets of miR-144-3p, the NLP analysis and the differential expression genes of 
HCC in TCGA were performed in the STRING website. The nodes represent proteins, and each color corresponds to a cluster. The edges indicate the predicted functional 
associations, which are colored according to the types of predicted associations using different sets of evidence. The red lines, green lines, blue lines, purple lines, yellow lines, 
light blue lines and black lines indicate fusion evidence, neighborhood evidence, co-occurrence evidence, experimental evidence, text-mining evidence, database evidence and 
co-expression evidence, respectively. The line thickness indicates the strength of the evidence.
Abbreviations: HCC, hepatocellular carcinoma; NLP, natural language processing; TCGA, The Cancer Genome Atlas.

Table 4 Pathway enrichment in KEGG databases of the targets of miR-144-3p obtained from the predicted target genes, the NLP 
analysis and the TCGA data

Title Count P-value Genes

hsa05200: pathways in cancer 18 3.73E-08 AR, RET, MAP2K1, PTGS2, FOXO1, KITLG, GLI2, MMP1, CCNE2, CCNE1, 
FOS, ITGA6, CDKN2B, JUN, SLC2A1, PDGFRA, AXIN2, FIGF

hsa04115: p53 signaling pathway 6 8.31E-04 CCNE2, CCNB1, CCNE1, CCND2, CHEK1, THBS1
hsa04110: cell cycle 7 2.32E-03 CCNE2, CCNB1, CCNE1, CDKN2B, CCND2, CHEK1, MCM6
hsa05215: prostate cancer 6 2.78E-03 CCNE2, CCNE1, AR, MAP2K1, PDGFRA, FOXO1
hsa04510: focal adhesion 8 6.08E-03 MAP2K1, ITGA6, CCND2, JUN, PDGFRA, THBS1, FIGF, SRC
hsa05219: bladder cancer 4 1.07E-02 MAP2K1, THBS1, FIGF, MMP1
hsa05222: small cell lung cancer 5 1.33E-02 CCNE2, CCNE1, PTGS2, CDKN2B, ITGA6
hsa05210: colorectal cancer 5 1.33E-02 FOS, MAP2K1, JUN, PDGFRA, AXIN2
hsa04060: cytokine–cytokine receptor interaction 8 2.37E-02 TNFSF11, IL6ST, PDGFRA, IL1B, IL13, KITLG, FIGF, CXCL12
hsa04620: toll-like receptor signaling pathway 5 2.45E-02 FOS, MAP2K1, JUN, IL1B, TLR4
hsa04114: oocyte meiosis 5 3.22E-02 CCNE2, CCNB1, CCNE1, AR, MAP2K1
hsa04610: complement and coagulation cascades 4 3.98E-02 FGG, THBD, FGA, FGB
hsa05211: renal cell carcinoma 4 4.12E-02 MAP2K1, JUN, SLC2A1, FIGF

Notes: The pathway analysis was performed in KEGG database. Thirteen signaling pathways were enriched (P,0.05).
Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; NLP, natural language processing; TCGA, The Cancer Genome Atlas.
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Regarding the clinicopathologic significance of miR-

144-3p in HCC, only Yu et al carried out the analysis 

unveiling that downregulated miR-144-3p was more remark-

able in advanced TNM stage compared to early TNM stage.29 

In this study, we observed miR-144-3p level was lower in 

metastasis (P=0.006), advanced TNM stage (P=0.001) and 

noncapsule or infiltration (P=0.047) groups than in non-

metastasis, early TNM stage and complete capsule groups, 

respectively. Notably, the aforementioned clinicopathologic 

features, which showed the differential expression of miR-

144-3p, correlated well with the prognosis of HCC. Several 

published studies which investigated the regulatory mecha-

nisms of miR-144-3p in HCC confirmed the relationships 

between miR-144-3p and unfavorable clinicopathologic 

features. Cao et al ascertained miR-144-3p could suppress 

the cell proliferation, migration and invasion in HCC by 

directly targeting E2F transcription factor 3 in vitro.31 From 

the perspective of the biologic process of miRNA with mul-

tiple targets, Yu et al clarified another target (SMAD family 

member 4, SMAD4) of miR-144-3p in HCC and showed 

that miR-144-3p could increase the chemosensitivity of 

5-fluorouracil in HCC cell line.29 Similarly, Zhou et al elu-

cidated that miR-144-3p could enhance the chemosensitivity 

through the regulation of Nrf2-dependent antioxidant path-

way.30 These targets (E2F3, SMAD4 and Nrf2) of miR-144-3p 

validated in previous studies with strong evidence did not 

arise in this analysis. The reason may be that though the 

comprehensive bioinformatic investigation could provide 

relatively complete targets of miR-144-3p in HCC, the major 

limitation of bioinformatics was that the targets were identi-

fied with less evidence. Both false-positive and false-negative 

targets of miR-144-3p were inevitable. Thus, considering the 

complex mechanisms of miRNA and the pathogenesis of 

Table 5 Pathway enrichment in Panther database of the targets 
of miR-144-3p obtained from the predicted target genes, the NLP 
analysis and the TCGA data

Title Count P-value Genes

P00050: plasminogen 
activating cascade

4 5.81E-03 FGG, FGA, FGB, MMP1

P00013: cell cycle 4 1.15E-02 CCNE2, CCNB1, 
CCNE1, CCND2

P00011: blood coagulation 5 1.37E-02 FGG, THBD, FGA, FGB, 
TFPI2

P00005: angiogenesis 9 3.28E-02 FOS, EPHA7, SFRP1, 
JUN, TEK, PDGFRA, 
AXIN2, ANGPT2, SRC

Notes: The pathway analysis was performed in Panther database. Four significant 
signaling pathways were enriched (P,0.05).
Abbreviations: NLP, natural language processing; TCGA, The Cancer Genome 
Atlas.

HCC, further in vitro and in vivo investigations are necessary 

to clarify the molecular mechanisms of miR-144-3p in HCC. 

Taken together, miR-144-3p may be a novel marker to predict 

the prognosis of HCC. Further survival analysis is essential 

to confirm the prognostic role of miR-144-3p.

To further elucidate the potential regulatory functions of 

miR-144-3p in carcinogenesis and the progression of HCC, 

we performed a bioinformatics analysis of the potential target 

genes of miR-144-3p in HCC. Three sections, 12 prediction 

databases and 2 validation databases for obtaining miR-

144-3p targets, the NLP analysis searching for HCC-related 

genes and the differential expression of genes of HCC in 

TCGA database, were employed. The potential targets of 

miR-144-3p in the pathogenesis of HCC were identified by 

the overlapping among the three sections. In the GO analysis 

of the overlapping genes, some of the targets were associ-

ated with the regulation of cell proliferation, kinase binding, 

sequence-specific DNA binding and so on. These relevant 

functions of the overlapping genes may be indispensable 

for the pathogenesis in HCC. Further in vitro and in vivo 

experiments are also required to clarify the functions of these 

target genes of miR-144-3p in HCC. The protein-to-protein 

network of the overlapping genes revealed several hub genes 

which have been investigated in the carcinogenesis and 

progression, including MAP2K1, JUN, SRC, CCND2 and so 

on.57–60 Further in vivo and in vitro experiments are necessary 

to affirm the relationships between miR-144-3p and the hub 

genes in the pathogenesis of HCC.

In the pathway analysis of the overlapping genes, 13 

noteworthy signaling pathways in the KEGG database and 

4 significantly signaling pathways in the Panther database 

were enriched, including the p53 signaling pathway, the toll-

like receptor signaling pathway and angiogenesis. Among 

them, several dysfunctional signaling pathways have been 

observed to contribute to oncogenesis and the progression 

of HCC.61–63 Further in vitro and in vivo exploration of miR-

144-3p’s regulatory mechanism in these signaling pathways 

is imperative to confirm the role of miR-144-3p in HCC.

In conclusion, miR-144-3p may act as a tumor-suppressing 

miRNA in the carcinogenesis and progression of HCC via 

the regulation of cell proliferation, kinase binding and 

sequence-specific DNA binding, including several impor-

tant pathways in the carcinogenesis and progression in the 

HCC: p53 signaling pathway, the toll-like receptor signaling 

pathway and the angiogenesis pathway. Further studies are 

necessary to verify the relationships between miR-144-3p 

and the key hub genes in the pathogenesis of HCC. Thus, 

interactions with miR-144-3p may provide an original insight 

for HCC treatment.
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