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Abstract. The early diagnosis and treatment of liver hepatocel‑
lular carcinoma (LIHC) remains a major challenge. Therefore, 
it is of great significance to strengthen basic research on 
LIHC in order to improve the prevention and treatment of the 
disease. Numerous studies have indicated that the PI3K/Akt 
and FoxO signaling pathways mediate proliferation, survival 
and migration during the development of LIHC. Therefore, 
they have become a target for LIHC treatment. Furthermore, 
let‑7c has been demonstrated to repress cell proliferation, 
migration and invasion, and to induce G1 phase arrest and 
apoptosis of LIHC cells. However, the mechanism of its action 
is not clear. In the present study, the association between 
let‑7c and the PI3K/Akt/FoxO signaling pathway, as well as 
their roles in the development of LIHC were investigated 
using The Cancer Genome Atlas and various public data‑
bases (Tumor‑miRNA‑Pathway, OncomiR, DIANA‑TarBase 
v8, KOBAS 3.0, ONCOMINE, Kaplan‑Meier plotter, 
LinkedOmics, UALCAN and cBioPortal). The effects of 
let‑7c‑5p on PI3K/Akt/FoxO signaling pathway‑related target 
genes were analyzed following overexpression of let‑7c‑5p 
in the MHCC‑97H cell line via reverse transcription‑quan‑
titative PCR, and the let‑7c‑5p target genes belonging to the 
PI3K/Akt/FOXO signaling pathway in LIHC were screened 
out. GO and KEGG enrichment analyses of these target 
genes was performed using g:Profiler, gOST. In addition, 
GeneMANIA and Search Tool for the Retrieval of Interacting 
Genes/Proteins (STRING) databases were used to determine 
the gene‑gene and protein‑protein interaction networks, 
respectively. The data demonstrated that cyclin B2 (CCNB2), 
cyclin E2 (CCNE2), cyclin dependent kinase 4 (CDK4), homer 
scaffold protein 1 (HOMER1), heat shock protein 90 α family 
class A member 1 (HSP90AA1), neuroblastoma RAS viral 

oncogene homolog (NRAS), protein phosphatase 2 catalytic 
subunit α (PPP2CA), protein kinase AMP‑activated catalytic 
subunit α2 (PRKAA2) and Rac family small GTPase 1 (RAC1) 
may be target genes of let‑7c‑5p. These genes, particularly 
CCNE2, were associated with poor overall survival and could 
be promising candidate biomarkers for disease and poor prog‑
nosis in LIHC. Among them, seven genes (CCNE2, CDK4, 
HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1) belonged 
to the PI3K‑Akt signaling pathway and four genes (CCNB2, 
HOMER1, NRAS and PRKAA2) belonged to the FoxO 
signaling pathway. The majority of these genes were closely 
associated with the cell cycle and their elevated expression 
may aggravate cell cycle disorders. Therefore, let‑7c may be 
considered to be an anti‑oncogene of LIHC. The present study 
may provide novel targets and strategies for the diagnosis and 
treatment of LIHC.

Introduction

Liver cancer is the sixth most common type of cancer and the 
fourth leading cause of cancer‑associated mortality worldwide, 
with ~841,000 new cases and 782,000 deaths in 2018 (1). The 
5‑year survival rate of liver cancer is estimated to be 18% (2). 
Liver hepatocellular carcinoma (LIHC) accounts for 75‑85% 
of primary liver cancers (1) and its overall median survival 
times is estimated to be 29.8 months (2.48 years) (3), and this 
has not improved over time (3). Current treatment methods do 
not ensure effective early diagnosis and treatment of LIHC. 
Therefore, improving the prevention and treatment of this 
disease is imperative.

MicroRNAs (miRNAs) are small non‑coding sequences 
with a length of ~20 bp, which regulate gene expression 
following transcription. miRNAs control several eukaryotic 
developmental and cellular processes (4‑6). miRNAs usually 
bind to the 3'‑untranslated region of the target mRNAs to cause 
their degradation. A previous study has demonstrated that the 
majority of human protein‑coding genes contain at least one 
conserved miRNA binding site (7), whereas a high number 
of miRNAs can regulate multiple mRNAs (4), suggesting 
that the biological functions of miRNAs are highly diverse. 
Therefore, it is not surprising that disorders of miRNAs are 
often associated with human diseases, including cancer (8,9). 
Increasing evidence has revealed that miRNAs are closely 
associated with the abnormal expression of genes regulating 
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hepatocyte proliferation, cell cycle, metastasis and apoptosis, 
which ultimately leads to the development of LIHC (10,11), 
and these suggests that miRNAs play an important role in 
the occurrence and development of LIHC, and have potential 
diagnostic and therapeutic value (12,13). Among them, let‑7c 
has been identified as an anticancer miRNA in LIHC (14). 
Additional research has indicated that let‑7c represses cell 
proliferation, migration and invasion, and induces G1 phase 
arrest and apoptosis of LIHC cells (15). Furthermore, let‑7c 
can enhance sorafenib‑induced apoptosis of LIHC cells by 
targeting Bcl‑xL (16).

The PI3K/Akt signaling pathway is highly mutated and 
activated in several cancer types, which mediates the prolif‑
eration, survival, migration and angiogenesis of these cancer 
cells (17‑19) and has become a target for human cancer treat‑
ment. Notably, the PI3K/Akt signaling pathway is associated 
with LIHC progression, vascular infiltration and metastasis, as 
well as poor prognosis and a low survival rate in patients with 
LIHC (20). Furthermore, the FoxO signaling pathway, which 
is closely associated with the PI3K/Akt signaling pathway, 
serves an important role in the occurrence and development of 
hepatocellular carcinoma (21,22).

Therefore, in the present study, the association between 
let‑7c and the PI3K/Akt/FoxO signaling pathway, as well as 
their roles in the development of LIHC were investigated using 
The Cancer Genome Atlas (TCGA) and various public data‑
bases. The effects of let‑7c‑5p on PI3K/Akt/FoxO signaling 
pathway‑related target genes were analyzed following overex‑
pression of let‑7c‑5p in the MHCC‑97H cell line. The results 
may reveal novel targets and strategies for the diagnosis and 
treatment of LIHC.

Materials and methods

Clinical significance of let‑7c‑5p in hepatocellular carci‑
noma as determined by TCGA analysis. The Cancer Genome 
Mapping (derived from TCGA) data portal is the largest and 
most commonly used public resource, providing datasets, 
such as somatic mutations, gene expression, gene meth‑
ylation and copy number variation, for thousands of tumor 
samples (23). In the present study, the let‑7c‑5p expression 
profiles of different types of human cancer and adjacent 
normal tissues were obtained from Tumor‑miRNA‑Pathway 
(http://bioinfo.life.hust.edu.cn/miR_path/), an online TCGA 
data analysis tool that displays miRNA expression levels in 
34 different types of tumor, including LIHC, adrenocortical 
carcinoma (ACC), bladder urothelial carcinoma (BLCA), 
breast invasive carcinoma (BRCA), cervical squamous cell 
carcinoma and endocervical adenocarcinoma (CESC), chol‑
angiocarcinoma (CHOL), colon adenocarcinoma (COAD), 
lymphoid neoplasm diffuse large b‑cell lymphoma (DLBC), 
esophageal carcinoma (ESCA), FFPE pilot phase II FFPE 
(FPPP), glioblastoma multiforme (GBM), head and neck 
squamous cell carcinoma (HNSC), kidney chromophobe 
(KICH), kidney renal clear cell carcinoma (KIRC), kidney 
renal papillary cell carcinoma (KIRP), acute myeloid 
leukemia (LAML), brain lower grade glioma (LGG), lung 
adenocarcinoma (LUAD), lung squamous cell carcinoma 
(LUSC), mesothelioma (MESO), ovarian serous cystad‑
enocarcinoma (OV), pancreatic adenocarcinoma (PAAD), 

pheochromocytoma and paraganglioma (PCPG), prostate 
adenocarcinoma (PRAD), rectum adenocarcinoma (READ), 
sarcomav (SARC), skin cutaneous melanoma (SKCM), 
stomach adenocarcinoma (STAD), testicular germ cell tumors 
(TGCT), thyroid carcinoma (THCA), thymoma (THYM), 
uterine corpus endometrial carcinoma (UCEC), uterine 
carcinosarcoma (UCS) and uveal melanoma (UVM) (24). 
The patient survival data corresponding to certain cancer 
types (across 30 cancer types), including LIHC, such as 
ACC, BLCA, BRCA, CESC, CHOL, COAD, ESCA, HNSC, 
KICH, KIRC, KIRP, LUAD, LUSC, MESO, OV, PAAD, 
PCPG, PRAD, READ, SARC, SKCM, STAD, TGCT, THCA, 
THYM, UCEC, UCS and UVM, that were significantly 
associated with let‑7c‑5p expression were obtained using 
OncomiR online software (http://www.oncomir.org/) (25). 
This led to the identification of the miRNAs associated with 
tumor formation and patient survival.

Target genes of let‑7c‑5p and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis. 
DIANA‑TarBase v8 (http://www.microrna.gr/tarbase) is a 
reference database devoted to the indexing of experimentally 
supported miRNA targets (26). This database was used to 
screen the experimentally supported target genes of let‑7c‑5p 
(the filter value is default). Subsequently, the online biological 
tool KOBAS 3.0 (http://kobas.cbi.pku.edu.cn), which is a 
web server for gene/protein functional annotation (annotate 
module) and functional gene set enrichment, was used for 
KEGG (27) pathway enrichment analysis of the obtained 
target genes (28‑30). The genes belonging to the PI3K‑Akt and 
FoxO signaling pathways were selected for further analysis.

ONCOMINE analysis. Oncomine gene expression array 
datasets (http://www.oncomine.org; an online cancer micro‑
array database) were used to display the gene summary view 
to analyze the mRNA differential expression levels of the 
let‑7c‑5p target genes that belonged to the PI3K‑Akt and FoxO 
signaling pathways in 195 cancer vs. normal analyses (31). 
The thresholds were as follows: P<0.05; fold‑change >1.5; 
gene rank, ALL; data type, mRNA. The cancer specimen 
and normal control datasets were compared for each gene. 
The genes with different mRNA expression levels in the 
ONCOMINE analysis were selected for further analysis.

Kaplan‑Meier plotter analysis. Kaplan‑Meier plotter (www.
kmplot.com) is an online database containing microarray 
gene expression data and survival information derived from 
Gene Expression Omnibus (32), TCGA (https://www.cancer.
gov/tcga) and the Cancer Biomedical Informatics Grid (33), 
which contain mRNA expression data and survival informa‑
tion of 364 cases of clinical LIHC (34). These databases also 
contain miRNA expression data and survival information of 
614 cases of clinical LIHC (35). To analyze overall survival 
(OS), all possible cut‑off values between the lower and upper 
quartiles were computed and the best performing threshold 
was used as the cut‑off, and the follow up threshold was 
restricted 60 months (5‑year survival). The data were verified 
using a Kaplan Meier survival curve. In the present study, the 
associations between OS and let‑7c‑5p and its target genes 
obtained from ONCOMINE analysis were evaluated using 
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the Kaplan‑Meier plotter. Genes which were expressed at low 
levels and were associated with a high survival rate (HR>1) 
were selected for further analysis. In addition, the association 
between target gene expression data in different tumor grades 
and survival data was investigated.

LinkedOmics analysis. The LinkedOmics database 
(http://www.linkedomics.org/login.php) is a web‑based plat‑
form for the analysis of 32 TCGA cancer‑related datasets (36). 
In the present study, the correlation between let‑7c‑5p expres‑
sion and the expression levels of its target genes in LIHC was 
analyzed using LinkedOmics. The target genes that exhibited 
a negative correlation with let‑7c expression were selected for 
further analysis.

UALCAN analysis. UALCAN (http://ualcan.path.uab.edu) is 
an interactive web resource based on level 3 RNA sequencing 
methodology and the clinical data of 31 cancer types from 
TCGA. It is used to analyze the relative expression of genes in 
different tumor subgroups and of normal tumor samples with 
different tumor stages, tumor grades, ethnicity, weight or other 
clinicopathological characteristics (37). UALCAN was used to 
analyze the expression levels of the target genes that exhibited 
a negative correlation with let‑7c‑5p in different tumor grades 
of LIHC.

cBioPortal analysis. The cBioPortal for Cancer Genomics 
contained sequencing and pathological data of 30 different 
types of cancer (38,39). The hepatocellular carcinoma 
dataset (derived from TCGA) containing 366 pathologically 
reported cases was selected for further analysis of the target 
genes obtained from the LinkedOmics dataset. In the setting 
of query parameters, mutations, assumed copy number 
changes from GISTIC and mRNA expression Z‑scores 
(RNASeq V2 RSEM) were selected in ‘Select Genomic 
Profiles’, and the z‑score threshold was ±2.0. The inputted 
target gene of let‑7c‑5p was analyzed using OncoPrint, 
Genetic Alteration, Mutual Exclusivity, Co‑expression and 
the OS plotter.

Culture of MHCC‑97H cell line. The LIHC MHCC‑97H 
cell line (iCell Bioscience Inc., http://www.icellbioscience.
com/cellDetail/568) was cultured in high‑glucose DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% peni‑
cillin‑streptomycin (Solarbio, Ltd.) at 37˚C in a humidified 
incubator containing 5% CO2.

Cell transfection. Prior to overexpression, MHCC‑97H cells 
were plated in 6‑well culture plates, (1x106/cell). Once the 
MHCC‑97H cells reached 80% confluence, they were trans‑
fected with hsa‑let‑7c‑5p mimics (cat. no. 4464066, Assay ID: 
MC10436; Thermo Fisher Scientific, Inc., the overexpression 
group) or negative control miRNA mimic (cat. no. 4464058; 
Thermo Fisher Scientific, Inc. the overexpression control 
group) by using Lipofectamine™ RNAiMAX Transfection 
Reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol (https://assets.thermofisher.
com/TFS‑Assets/LSG/manuals/Lipofectamine_RNAiMAX_
Reag_protocol.pdf). After transfection, MHCC‑97H cells 

were incubated at 37˚C with 5% CO2 for 48 h. Each experi‑
ment was repeated 3 times.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from each group using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. hsa‑let‑7c‑5p was reverse 
transcribed and amplified using the TaqMan™ MicroRNA 
assay (cat. no. 4427975, Assay ID: 000379; Thermo Fisher 
Scientific, Inc.) at the following conditions: 16˚C for 30 min, 
42˚C for 30 min and 85˚C for 5 min (RT PCR), and 95˚C for 
10 min followed by 40 cycles of 95˚C for 15 sec and 60˚C 
for 60 sec (qPCR). To determine the expression levels of 
cyclin B2 (CCNB2), cyclin E2 (CCNE2), cyclin dependent 
kinase 4 (CDK4), casein kinase 1ε (CSNK1E), homer scaf‑
fold protein 1 (HOMER1), heat shock protein 90 α family 
class A member 1 (HSP90AA1), neuroblastoma RAS viral 
oncogene homolog (NRAS), protein phosphatase 2 catalytic 
subunit α (PPP2CA), protein kinase AMP‑activated catalytic 
subunit α2 (PRKAA2) and Rac family small GTPase 1 
(RAC1), cDNAs were synthesized using the PrimeScript™ 
RT reagent kit (cat. no. RR037Q; Takara Bio, Inc.), and the 
primer sequences used for qPCR are listed in Table SI. qPCR 
was performed using a StepOnePlus™ system (Thermo 
Fisher Scientific, Inc.) and the TaqMan® Universal Master 
Mix II (cat. no. 4440043; Thermo Fisher Scientific, Inc.), 
with the following thermocycling conditions: 95˚C for 10 min 
followed by 40 cycles of 95˚C for 15 sec and 60˚C for 60 sec. 
U6 (cat. no. 4427975, Assay ID: 001973; Thermo Fisher 
Scientific, Inc.) and ACTB served as the internal controls 
for normalizing the relative expression levels of has‑let‑7c‑5p 
and mRNA, respectively. Relative expression levels were 
calculated using the 2‑ΔΔCq method (40).

Gene Ontology (GO) function analysis, KEGG pathway 
enrichment analysis and construction of protein‑protein 
and gene‑gene interaction networks. The functional 
analysis tool g:Profiler, gOST (rev f0f4439; https://biit.cs.ut.
ee/gprofiler/gost) was used to analyze GO functions (41,42) 
and KEGG pathway enrichment (43,44). GeneMANIA 
(http://genemania.org/) was used to construct gene‑gene 
interaction networks (45,46), and the Search Tool for the 
Retrieval of Interacting Genes/Proteins (STRING) database 
(version 11.0; https://string‑db.org/) was used to construct the 
protein‑protein interaction networks (47,48).

Statistical analysis. OS was estimated by Kaplan‑Meier 
analysis, and a log‑rank test was performed to evaluate 
statistical significance. The co‑expression and regression 
line of let‑7c‑5p and its target genes in LIHC tumors was 
determined by Pearson's correlation analysis. Co‑expression 
among let‑7c‑5p target genes was determined by Spearman's 
correlation analysis. The association between the mRNA 
expression levels of the let‑7c‑5p target genes and the LIHC 
tumor grade was analyzed using Welch's test in a one‑way 
heteroscedastic ANOVA with Games‑Howell post hoc tests. 
For the expression difference of target genes between the 
let‑7c‑5p overexpression and control groups, the data are 
presented as the mean ± standard deviation and analyzed 
by unpaired Student's t‑test using SPSS v19 software (IBM 
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Corp.). The data were representative of three independent 
experiments performed in triplicate. In all statistical 
analyses, P<0.05 was considered to indicate a statistically 
significant difference.

Results

let‑7c may act as a tumor suppressor gene in LIHC. The 
expression levels of let‑7c‑5p in different cancer types 
and their potential association with the survival rate were 
assessed using the online TCGA data analysis tool. The 
tumor‑miRNA‑pathway, OncomiR and the Kaplan‑Meier 
plotter tools were used. let‑7c‑5p was differentially expressed 
in different cancer types compared with the corresponding 
expression noted in their control group, and its expression was 
decreased in LIHC (Fig. 1A). The survival rate of patients was 
significantly associated with let‑7c‑5p expression in 9 cancer 
types, while their performance was different. The expression of 
let‑7c‑5p were upregulated in living cohorts in LIHC (Fig. 1B). 
In addition, the Kaplan‑Meier curve revealed that high let‑7c‑5p 
expression was associated with improved OS of patients with 
LIHC (Fig. 1C). Overall, these results demonstrated that 
let‑7c‑5p may act as a tumor suppressor gene in LIHC.

Target genes of let‑7c are involved in the PI3K/Akt/FoxO 
signaling pathway in LIHC. Using TarBase v8.0 (Diana 
Tools), 2,051 target genes of let‑7c were predicted. These target 
genes were subsequently used for KEGG pathway enrichment 
analysis using KOBAS 3.0. The data indicated that 58 target 
genes belonged to the ‘PI3K‑Akt signaling pathway’, whereas 
33 target genes belonged to the ‘FoxO signaling pathway’ 
(Table I). Among these genes, 15 target genes were associ‑
ated with ‘PI3K‑Akt signaling pathway’ and ‘FoxO signaling 
pathway’. After excluding duplicate count genes, 76 let‑7c‑5p 
target genes associated with the PI3K/Akt/FoxO signaling 
pathway were identified.

Oncomine analysis was performed to detect the mRNA 
levels of these 76 let‑7c‑5p target genes in different types of 
human cancer, including liver cancer. As presented in Fig. 2, 
the value in the cell presented the number of datasets with 
a statistically significant mRNA differential expression of 
let‑7c‑5p target genes. The results demonstrated that the differ‑
ential expression of these let‑7c‑5p target genes was different 
between the liver tumor group and the normal group. For 
example, there were four upregulated and two downregulated 
analyses that met the thresholds for CCND2 and HSP90B1, 
respectively. However, for BCL2, there were four upregulated 

Figure 1. Clinical significance of let‑7c‑5p in LIHC as determined by TCGA analysis. (A) Expression profile of let‑7c‑5p as determined by TCGA obtained 
from Tumor‑miRNA‑Pathway. let‑7c‑5p expression was downregulated in LIHC tissues compared with in normal tissues. (B) Survival of patients with cancer 
and its association with let‑7c‑5p expression obtained from OncomiR. A total of 9 cancer types were identified. Patient survival was significantly associated 
with let‑7c‑5p expression, and the expression of let‑7c‑5p were upregulated in living cohorts in LIHC. (C) Kaplan‑Meier curve obtained from Kaplan‑Meier 
Plotter indicating the OS based on let‑7c‑5p levels in patients with LIHC. Low let‑7c‑5p expression was associated with poor OS of patients with LIHC. TCGA, 
The Cancer Genome Atlas; LIHC, liver hepatocellular carcinoma; miRNA, microRNA; OS, overall survival; FDR, false discovery rate; HR, hazard ratio; 
RPM, reads per million mapped reads.
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and one downregulated analysis. The LIHC dataset of liver 
cancer was selected to assess the expression of target genes 
in detail, and the results demonstrated that 37 of the 76 genes 
were upregulated in LIHC, which opposed let‑7c‑5p expres‑
sion (Table SII).

Using the Kaplan‑Meier plotter analysis tool, the prog‑
nostic significance of the 37 genes obtained was assessed. 
It was identified that increased mRNA expression levels 
of CCNB2, CCNE2, CDK2, CDK4, CSNK1E, FBXO32, 
HOMER1, HSP90AA1, ITGAV, NRAS, PPP2CA, PRKAA2, 
RAC1 and SKP2 were associated with poor OS (Fig. 3), which 
suggested that the mRNA expression levels of the target genes 
of let‑7c‑5p may be useful for the prediction of the survival of 
patients with LIHC.

There were 367 overlapping samples with miRNASeq and 
RNASeq in the LinkedOmics database, and we used them to 
investigate the correlation of expression between let‑7c and its 
target genes. The data were derived from the Kaplan‑Meier 
plotter analysis of the LIHC samples. Additionally, Pearson's 
correlation analysis was used with P<0.01 as the threshold 
value. The results indicated that the expression levels of 
10 genes (CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, 
HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1) were 
negatively correlated with let‑7c expression (Fig. 4), which 
suggested that let‑7c‑5p may regulate the expression of these 
genes in LIHC.

Expression levels of the let‑7c‑target genes are closely asso‑
ciated with tumor grade and LIHC prognosis. The present 
study aimed to identify potential candidate biomarkers for 
OS in patients with LIHC based on the mRNA expression 
levels of the target genes of let‑7c‑5p that were obtained from 
the LinkedOmics database. The comparisons between LIHC 
and liver tissues were performed using UALCAN. Higher 
mRNA expression levels of these genes (CCNB2, CCNE2, 

CDK4, CSNK1E, HOMER1, HSP90AA1, NRAS, PPP2CA, 
PRKAA2 and RAC1) were noted in LIHC tissues compared 
with in normal tissues (P<0.05; Fig. 5). Furthermore, the 
patients with more advanced stages of LIHC tended to exhibit 
higher expression levels of these target genes. Among them, 
the expression levels of the CCNB2 and CCNE2 were higher 
in grade 3 compared with in other grades (P<0.05). The 
expression levels of CSNK1E, NRAS, PPP2CA and RAC1 
were higher in grade 3 compared with grade 1. However, the 
expression levels of these target genes in tumor grade 4 did 
not exhibit this trend like in grade 3, possibly due to the small 
sample size of grade 4 tumor samples.

The association between target gene expression data of 
different tumor grades and survival data was investigated 
(Fig. 6). High expression levels of CCNE2 were associated 
with poor OS in grade 1, 2 and 3 tumors. However, the expres‑
sion levels of other genes were only associated with poor OS 
in one or two of the grades (data not shown). Overall, these 
results indicated that the mRNA expression levels of CCNE2 
were associated with different tumor grades in patients with 
LIHC, and that their expression levels may be useful for the 
prediction of LIHC patient survival.

The performance of these 10 target genes (CCNB2, 
CCNE2, CDK4, CSNK1E, HOMER1, HSP90AA1, NRAS, 
PPP2CA, PRKAA2 and RAC1) was assessed in TCGA‑LIHC, 
using cBioPortal. The results demonstrated that these 10 
let‑7c‑5p target genes were altered in 201 out of 360 patients 
with LIHC (the total mutation rate was estimated to be 55.8%; 
OncoPrint; Fig. 7A). CCNE2, PPP2CA and RAC1 were the 
three genes with the highest rate of sequence alterations and 
their mutation rates were estimated to be 23, 18 and 12%, 
respectively. KEGG pathway analysis demonstrated that 7 
of the 10 target genes (CCNE2, CDK4, HSP90AA1, NRAS, 
PPP2CA, PRKAA2 and RAC1) belonged to the ‘PI3K‑Akt 
signaling pathway’ and 5 target genes (CCNB2, CSNK1E, 

Table I. let‑7c‑5p target genes in the PI3K‑Akt and FoxO signaling pathways.

KEGG pathway Number of genes Corrected P‑value Genes

PI3K‑Akt signaling pathway 58 5.81x10‑13  ATF2, ATF4, ATF6B, BCL2, BCL2L11, CCND1, 
CCND2, CCNE2, CDK2, CDK4, CDK6, CDKN1A, 
CDKN1B, CHRM1, CHUK, COL1A1, COL1A2, 
COL4A1, COL4A2, CREB3L2, FGFR1, FN1, GNB1, 
GNB2, GNG5, HSP90AA1, HSP90B1, IGF1R, IL6R, 
INSR, ITGAV, JAK1, LAMC1, LPAR1, MAPK1, 
MDM2, MET, MYC, NR4A1, NRAS, PKN2, PPP2CA, 
PPP2CB, PPP2R1B, PPP2R5A, PPP2R5C, PRKAA1, 
PRKAA2, PRLR, RAC1, RBL2, RPS6KB2, THBS1, 
TLR4, TP53, TSC1, YWHAE, YWHAG

FoxO signaling pathway 33 3.46x10‑11  AGAP2, BCL2L11, CCNB2, CCND1, CCND2, CDK2, 
CDKN1A, CDKN1B, CHUK, CSNK1E, FBXO32, 
FOXO1, HOMER1, HOMER2, IGF1R, INSR, IRS2, 
MAPK1, MAPK8, MDM2, NLK, NRAS, PLK2, 
PRKAA1, PRKAA2, PRKAB2, PRKAG1, RBL2, SKP2, 
MST1, TGFBR1, TGFBR2, TNFSF10

KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 2. Continued.
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HOMER1, NRAS and PRKAA2) to the ‘FoxO signaling 
pathway’. Two of these genes, NRAS and PRKAA2, were 
shared by the two pathways (Fig. 7B). Further analysis of the 
alteration frequencies revealed that high mRNA levels were 
the most common alteration for CCNB2, CDK4, CSNK1E, 
HOMER1, HSP90AA1, NRAS, PPP2CA, PRKAA2 and 
RAC1. For CCNE2, the most common alteration was the 
amplification in LIHC tumors (Table SIII). Subsequently, the 
correlations of these 10 genes in LIHC tissues were investi‑
gated using Spearman's correlation (Fig. 7C). The results 
indicated a significant positive correlation among the majority 
of these genes, notably between CCNB2 and CCNE2 or 
CDK4. Spearman's correlation was estimated to be 0.63 and 
0.62, respectively, and the regression line is shown in Fig. 7C. 
The Spearman's correlation between CCNB2 and CSNK1E or 
NRAS, CCNE2 and CDK4 or NRAS, CDK4 and CSNK1E or 
RAC1 and HOMER1 and NRAS ranged between 0.3 and 0.6. 
Additional mutual exclusivity analysis indicated non‑signif‑
icant mutual exclusivity between two of these 10 genes 
(CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, HSP90AA1, 

NRAS, PPP2CA, PRKAA2 and RAC1), whereas the gene 
pairs of CCNB2 and CDK4, CSNK1E or NRAS, CDK4 and 
CSNK1E, HOMER1 or RAC1, HSP90AA1 and CCNE2 or 
NRAS, and NRAS and PRKAA2 or RAC1 exhibited signifi‑
cant (P<0.05) co‑occurrence in LIHC (Fig. 7D). The selected 
samples in the TCGA‑LIHC dataset were further divided 
into two groups based on whether the 10 target genes were 
altered. One group was the altered group: Samples with at least 
one alteration in the 10 let‑7c‑5p target genes in the selected 
profiles, and the other group was the unaltered group: Samples 
without any alterations in the 10 let‑7c‑5p target genes in the 
selected profiles. Further analysis using the Kaplan‑Meier 
plotter and a log‑rank test indicated that the alterations of these 
10 genes were associated with worse OS in patients with LIHC 
(Fig. 7E). These suggested that alterations of these 10 genes 
could have an impact on the prognosis of patients with LIHC.

A total of nine genes may be the target genes of let‑7c‑5p, 
and their main function is the regulation of the cell cycle. 
Following let‑7c‑5p overexpression in MHCC‑97H, it was 

Figure 2. Disease summary for let‑7c‑5p target genes in different types of cancer obtained from Oncomine. The expression levels of the let‑7c‑5p 
target genes were assessed in 20 common types of cancer, and their levels were compared with normal individuals using the Oncomine data‑
base. The value in the cell presents the number of datasets with a statistically significant mRNA differential expression of let‑7c‑5p target genes, 
based on the cut‑off value of P<0.05 and fold change >1.5 in the Oncomine database. The cell color was determined by the best gene rank percentile 
for the analyses within the cell. Red represented high expression in tumors, blue represented low expression in tumors, and white represented no 
difference in tumor tissues and normal tissues. (A) Disease summary for let‑7c‑5p target genes that belong to the PI3K‑Akt signaling pathway in 
different types of cancer. (B) Disease summary for let‑7c‑5p target genes that belong to the FoxO signaling pathway in different types of cancer.
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Figure 3. Prognostic value of let‑7c‑5p‑target gene mRNA levels in liver hepatocellular carcinoma by using Kaplan‑Meier Plotter. Increased mRNA expression 
levels of CCNB2, CCNE2, CDK2, CDK4, CSNK1E, FBXO32, HOMER1, HSP90AA1, ITGAV, NRAS, PPP2CA, PRKAA2, RAC1 and SKP2 were associated 
with poor overall survival (P<0.05). HR, hazard ratio.
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revealed that there was no significant difference in the 
expression levels of CSNK1E compared with the control 
group. However, the expression levels of CCNB2, CCNE2, 
CDK4, HOMER1, HSP90AA1, NRAS, PPP2CA, PRKAA2 
and RAC1 were downregulated to different degrees, which 
demonstrated that these genes may be target genes of let‑7c 
(Fig. 8). Subsequently, g:Profiler was used to analyze GO 
function and KEGG pathway enrichment for these nine genes, 
while GO analysis was used to divide gene functions into 
biological process (BP), molecular function (MF) and cellular 
component (CC) categories. According to the number of genes 
clustered to the corresponding terms (Intersection size) and 
the correlation with LIHC disease, the results of the present 
study demonstrated that the genes were mainly clustered into 
the following: The MF terms included ‘phosphotransferase 
activity, alcohol group as acceptor’ and ‘cyclin‑dependent 
protein serine/threonine kinase regulator activity’. The BP 
terms included ‘protein phosphorylation’ and ‘cell cycle 
process’, and the CC terms included ‘cytosol’. Among the 
genes, seven belonged to the ‘PI3K‑Akt signaling pathway’ 
and four belonged to the ‘FoxO signaling pathway’ (Fig. 9).

GeneMANIA software was used to analyze associations 
in terms of co‑expression, physical interactions, shared protein 
domains, predicted, pathway and co‑localization among these 
nine target genes of let‑7c‑5p (20 additional genes were involved 
in the network), and to highlight the functions associated with 
the majority of these genes (Fig. 10A). The results indicated 
the following processes: ‘G2/M transition of mitotic cell cycle’, 
‘G1/S transition of mitotic cell cycle’, ‘cell cycle G2/M phase 
transition’, ‘Ras protein signal transduction’ and ‘cell cycle 
checkpoint’. Subsequently, STRING was used to analyze these 
genes in terms of their protein expression levels. The results 
indicated complex interactions among these genes (Fig. 10B). 
Overall, these results indicated complex links among the 
target genes, whose main function was the regulation of the 
cell cycle. Changes in the expression levels of these genes may 
have an important effect on the cell cycle.

Discussion

Accumulating evidence has indicated that miRNAs are abnor‑
mally expressed in LIHC tumors and promote or inhibit the 

Figure 4. Correlation between let‑7c‑5p expression and the expression levels of its target genes in liver hepatocellular carcinoma obtained from LinkedOmics. 
mRNA expression levels of CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1 were negatively correlated 
with let‑7c (P<0.01).
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Figure 5. Association between the mRNA expression levels of the let‑7c‑5p target genes and LIHC tumor grade as determined using TCGA data obtained from 
UALCAN. Groups labeled with different letters were significantly different from each other (P<0.05), whereas groups labeled with the same letter were not. 
LIHC, liver hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.

Figure 6. Association between the expression levels of CCNE2 in grade 1, 2 or 3 tumors and patient survival obtained from Kaplan‑Meier Plotter. High expres‑
sion levels of CCNE2 were associated with significantly poorer overall survival in grade 1, 2 and 3 tumors (P<0.05). HR, hazard ratio.
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Figure 7. cBioPortal data visualization and analysis. (A) Oncoprint of genetic alterations and OS observed for CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, 
HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1 in LIHC tumors. (B) Detailed alteration frequencies of CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, 
HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1 in LIHC and their position in the PI3K‑Akt and FoxO signaling pathways. KEGG pathway analysis demon‑
strated that 7 of the 10 target genes (CCNE2, CDK4, HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1) belonged to the ‘PI3K‑Akt signaling pathway’ and 5 
target genes (CCNB2, CSNK1E, HOMER1, NRAS and PRKAA2) to the ‘FoxO signaling pathway’. The genes in purple represent the let‑7c‑5p target genes. The 
alteration frequencies revealed that high mRNA levels were the most common alteration for CCNB2, CDK4, CSNK1E, HOMER1, HSP90AA1, NRAS, PPP2CA, 
PRKAA2 and RAC1. For CCNE2, the most common alteration was the amplification in LIHC tumors. (C) Co‑expression of CCNB2, CCNE2, CDK4, CSNK1E, 
HOMER1, HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1 in LIHC tumors. The regression line of CCNB2 with CCNE2 and CCNB2 with CDK4 was 
determined by Spearman's correlation analysis (Spearman's Correlation >0.6; P<0.05). (D) Mutual exclusivity of CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, 
HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1 in LIHC tumors. The values in the table represent the log2 Odds Ratio. log2 ratio >0 indicates a tendency 
towards co‑occurrence (P<0.05). (E) Kaplan‑Meier plots comparing OS in cases with/without CCNB2, CCNE2, CDK4, CSNK1E, HOMER1, HSP90AA1, NRAS, 
PPP2CA, PRKAA2 and RAC1 gene alterations in LIHC tumors. The samples were divided into two groups according to whether the 10 target genes were altered. 
One group was the altered group: Samples in which at least one of the 10 target genes was altered (201 in total), and one group was the unaltered group: Samples 
with no alteration in all 10 target genes (158 in total). The analysis using the Kaplan‑Meier plotter and a log‑rank test indicated that the alterations of these 10 genes 
were associated with worse OS in patients with LIHC. LIHC, liver hepatocellular carcinoma; OS, overall survival.
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development and progression of LIHC by affecting cell cycle 
and proliferation, metastasis and invasion, drug resistance and 
inhibition of apoptosis (49‑51). It has been demonstrated that 
the levels of let‑7c are lower in LIHC tissues than in the corre‑
sponding normal adjacent tissues (52). In addition, a previous 
study indicated that let‑7c inhibits cell proliferation and induces 
cell cycle arrest in LIHC tissues (15). In the present study, 
let‑7c expression was decreased in LIHC tissues and this was 
associated with poor OS of LIHC as determined by the online 
TCGA data analysis tools Tumor‑miRNA‑Pathway, OncomiR 
and Kaplan‑Meier plotter. Jilek et al (53) identified that let‑7c 
bioengineered preparations could inhibit LIHC development. 
Overall, these results indicated that let‑7c may be an effective 
therapeutic target for LIHC. However, since each miRNA can 
regulate thousands of target genes, not all target genes of let‑7c 
expressed in LIHC and are only regulated by it. Therefore, 
the exact role of let‑7c in the development and progression 
of LIHC remains to be elucidated. The PI3K/Akt signaling 
pathway has been recognized as one of the most frequently 
activated signal transduction pathways in cancer (17), whereas 
the FoxO signaling pathway has been mainly investigated for 
the potential targeting of cancer therapeutic molecules and 
proteins (54). The FoxO signaling pathway is closely associ‑
ated with the PI3K/Akt signaling pathway (55). The analysis 
of the association between the target genes of let‑7c and the 
PI3K/Akt and FoxO signaling pathways could further aid the 
understanding of the role of let‑7c in LIHC and provide a basis 
for the future application of let‑7c in LIHC therapy. In the 
present study, the expression levels and prognostic values of 
let‑7c and its target genes in patients with LIHC were analyzed 
using multiple online tools.

Initially, 2,051 target genes of let‑7c were identified by 
DIANA‑TarBase v8 analysis and 76 target genes were identified 
that belonged to the PI3K‑Akt and FoxO signaling pathways 
using KOBAS 3.0 and KEGG pathway enrichment analysis. 
Oncomine was used to analyze mRNA transcription levels, 
and Kaplan‑Meier plotter was used to evaluate OS. A total 
of 37 target genes of let‑7c‑5p were upregulated in LIHC and 
14 genes among them were associated with poor OS. Finally, 
10 genes were negatively associated with let‑7c expression 
according to LinkedOmics. Furthermore, in vitro experiments 

revealed that nine genes among them were downregulated 
after let‑7c‑5p overexpression in MHCC‑97H cells, which 
suggested that let‑7c‑5p regulated the expression of these genes 
in LIHC (Fig. 11). Additionally, analysis using Kaplan‑Meier 
Plotter highlighted that the high expression levels of CCNE2 
were associated with poor OS in grade 1, 2 and 3 tumors. The 
results suggested that these nine genes, including CCNE2, 
may be promising candidate biomarkers for disease and poor 
prognosis in LIHC. KEGG analysis demonstrated that let‑7c 
did not directly regulate the expression of PI3K, Akt and FoxO 
in LIHC, but mainly that of its target genes that were upstream 
molecules of the PI3K‑Akt and the FoxO signaling pathways, 
which can directly regulate PI3K, Akt and FoxO, such as 
NRAS, RAC1, HSP90AA1, PPP2CA, and PRKAA2, or their 
downstream molecules, such as CCNB2, CCNE2 and CDK4.

It is well‑known that the cell cycle serves an important role 
in cancer. GO analysis indicated that six (CCNB2, CCNE2, 
CDK4, HSP90AA1, PPP2CA and PRKAA2) of these nine 
target genes of let‑7c were members of the ‘cell cycle process’ 
BP term. Among them, CCNB2 is an important member 
of the cyclin protein family and is an important cell cycle 
regulator associated with G2/M detection sites (56). High 
expression levels of CCNB2 are negatively associated with 
the OS of patients with LIHC (57). The principal function of 
CCNE2 is to be a regulator to facilitate the cell cycle progres‑
sion from G0/G1 to S phase (58,59). Upregulation of CCNE2 
is associated with cancer progression and mortality in several 
types of cancer (60). CDK4 serves a key role in the prolifera‑
tion of mammalian cells and can promote the cell entry to 
the S phase of the cell cycle (61). HSP90AA1 is a chaperone 
that is highly conserved among eukaryotes (62). Functional 
HSP90 is required for the stability of Akt, which is a key 
gene of the PI3K‑Akt signaling pathway and serves a crucial 
regulatory role in differentiation, cell cycle, transcription, 
translation, metabolism and apoptosis (63). PPP2CA serves 
critical roles in several cellular processes by dephosphory‑
lating critical cellular molecules, such as Akt, P53, c‑Myc and 
β‑catenin (64). Notably, downregulation of PRKAA2 has been 
reported in breast tumors and other types of cancer (65,66), 
which suggests that it possesses tumor suppressor functions 
in vivo. However, the data indicated that PRKAA2 expression 

Figure 8 Overexpression of hsa‑let‑7c‑5p in MHCC‑97H cells induced the downregulation of CCNB2, CCNE2, CDK4, HOMER1, HSP90AA1, NRAS, 
PPP2CA, PRKAA2 and RAC1 expression. However, no significant difference was observed between the expression levels of CSNK1E in the overexpression 
group and those in the control group. *P<0.05 vs. control group.
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was upregulated in LIHC. The role of this gene in LIHC is 
not clear and requires further study. Therefore, it was deduced 
that the majority of these target genes of let‑7c‑can affect the 
cell cycle of LIHC cells via the PI3K‑Akt and FoxO signaling 
pathways and that their high expression may aggravate cell 
cycle disorders. The data suggest that the high expression 

levels of these target genes, notably CCNE2, are associated 
with poor prognosis of LIHC. HOMER1 has been reported to 
interact with Ca+2 signaling proteins, such as stromal interac‑
tion molecule 1 and ORAI calcium release‑activated calcium 
modulator 1 (67). Alterations in either the expression or the 
activity of these proteins have been associated with the onset 

Figure 9. GO function and KEGG pathway enrichment for CCNB2, CCNE2, CDK4, HOMER1, HSP90AA1, NRAS, PPP2CA, PRKAA2 and RAC1 in liver 
hepatocellular carcinoma tumors. The results were summarized in the following three main categories: BP, MF and CC. GO, Gene Ontology; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; BP, biological process; MF, molecular function; CC, cellular component.
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Figure 10. Protein‑protein and gene‑gene interaction networks among CCNB2, CCNE2, CDK4, HOMER1, HSP90AA1, NRAS, PPP2CA, PRKAA2 and 
RAC1. (A) Gene‑gene interaction network of these 9 genes obtained from GeneMANIA. (B) Protein‑protein interaction network of these 9 genes obtained 
from STRING.
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and maintenance of tumor phenotypes in LIHC (68). NRAS 
is a proto‑oncogene that is associated with several human 
cancer types, due to its activating mutation (69) demonstrated 
marked upregulation of wild‑type NRAS in LIHC cell lines 
and patient tissues, whereas NRAS expression is associated 
with poor patient survival (70). RAC1 is a member of the Rac 
subfamily of GTPases and serves an important role in several 
cellular processes, including cell proliferation, cytoskeletal 
recombination, antimicrobial cytotoxicity and epithelial 
differentiation (71). It has been demonstrated that RAC1 
serves an important role in LIHC progression and metas‑
tasis (72,73). Knockdown of RAC1 suppresses the expansion 
of LIHC cells (74). These results suggested that let‑7c served 
an important role, not only in the regulation of the cell cycle, 
but also in phenotype progression and metastasis of LIHC. 
Correlation analysis between let‑7c and its target genes, as 
well as the in vitro cell experiments, indicated that let‑7c 
regulated their expression in LIHC. Therefore, low expression 

levels of let‑7c in LIHC may be considered to be an important 
factor leading to the high expression of its target genes. The 
mechanism of action of let‑7c may influence the formation and 
development of LIHC via the PI3K/Akt and FoxO signaling 
pathways. This may be a possible explanation for the nega‑
tive association observed between let‑7c expression and poor 
LIHC prognosis.

In conclusion, the present study demonstrated that let‑7c 
may be considered to be an anti‑oncogene of LIHC, which 
mainly affects the cell cycle of LIHC cells via the PI3K‑Akt 
and FoxO signaling pathways. Among its target genes, CCNE2 
may be a promising candidate biomarker for disease and poor 
prognosis in LIHC. The increase in the expression levels 
of let‑7c may be an effective way to improve the prognosis, 
survival rate and treatment of LIHC. The present study 
provided novel insights into the mechanisms of LIHC occur‑
rence and development and identified let‑7c as a promising 
therapeutic target for use in the treatment of LIHC.

Figure 11. Analytical methodology used to refine let‑7c target genes in liver hepatocellular carcinoma.
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