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Abstract. – OBJECTIVE: The aim of this study 
was to detect the expression of micro ribonucle-
ic acid (miR)-335-5p in the liver tissues of pa-
tients with liver cancer, and to explore its effect 
on liver cancer and mechanism using Huh7 hu-
man liver cancer cells.

PATIENTS AND METHODS: Liver tissues were 
collected from patients with liver cancer. The ex-
pression of miR-335-5p in tissues was detect-
ed via quantitative reverse transcription-poly-
merase chain reaction (qRT-PCR). Subsequently, 
Huh7 cells were transfected with miR-335-5p in 
vitro. After overexpressing miR-335-5p, chang-
es in the expression of octamer-binding tran-
scription factor 4 (Oct4) gene were observed via 
qRT-PCR. Furthermore, the proliferation of Huh7 
cells and the protein expressions of protein ki-
nase B (Akt) and phosphorylated Akt (p-Akt) 
were detected using cell counting kit (CCK)-8 
assay and Western blotting (WB), respectively.

RESULTS: Compared with Control group, the 
expression of miR-335-5p increased significant-
ly in the liver tissues of liver cancer patients 
(p<0.01). In comparison with those in negative 
group, the messenger RNA (mRNA) expression 
of Oct4 and the proliferation rate of Huh7 cells 
were both significantly inhibited in miR-335-5p 
group (p<0.01, p<0.05). After overexpression 
of miR-335-5p, the protein expression level of 
p-Akt decreased remarkably (p<0.01).

CONCLUSIONS: MiR-335-5p directly binds to 
the 3’ untranslated region (3’UTR) of Oct4 mRNA 
to restrain the phosphorylation of Akt, thereby 
inhibiting Huh7 cell proliferation.

Key Words: 
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Introduction

Liver cancer, an invasive cancer, is the sixth 
most common cancer worldwide. Meanwhile, it is 
also the third leading cause of cancer deaths. Liver 

cancer can be classified into two types, including 
hepatocellular carcinoma (HCC) and hepatoblas-
toma (HB)1-3. Both HCC and HB possess dis-
tinct cytological features4. For instance, HepG2 
was initially recognized as an HCC cell line, but 
was misidentified and proved to originate from 
HB5. Currently, the global morbidity rate of liver 
cancer varies greatly among sexes and regions3. 
Moreover, the morbidity rate of liver cancer in 
different regions reflects the regional differences 
in exposure to hepatitis viruses and environmen-
tal pathogens. In developing countries, hepatitis 
B virus (HBV) infection and hepatitis C virus 
(HCV) infection represent 60% and 33% of total 
liver cancer cases, respectively6. In recent years, 
liver resection and transplantation are efficacious 
in patients with early liver cancer. However, due 
to the delayed detection, the prognosis of most 
patients is still poor, with a low survival rate7-9. 
Hence, it is desperately needed to explore the po-
tential mechanism of liver cancer to elucidate its 
pathogenesis, and to develop a novel target for the 
treatment of liver cancer.

Micro ribonucleic acids (MiRNAs) are a main 
class of short non-coding RNAs extensively re-
searched10. They are structurally highly conser-
vative and can affect the inhibition on translation 
or messenger RNA (mRNA) cleavage. MiRNAs 
have also been confirmed to abolish the biologi-
cal functions of target genes, thereby playing an 
important role in malignant tumors11-13. To date, 
more than 2,000 kinds of miRNAs have been 
identified in humans, playing pivotal roles in var-
ious biological processes14-16. Increasingly more 
studies have demonstrated that miRNAs exert a 
critical role in the development and progression 
of human tumors, especially liver cancer. Dysreg-
ulation of miRNAs has also been recognized as 
the potential molecular marker of tumors17-19. Pre-
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vious reports20,21 have indicated that some miRNAs, 
including miR-24a, miR-30a-3p, miR-138, miR-203 
and miR-451, are associated with tumor progression. 
Moreover, numerous miRNAs have been verified to 
be involved in the development of liver cancer. In 
particular, miR-28-5p modulates the proliferation 
of liver cancer stem cells via the IGF-1 pathway22. 
High expression of miR-196a is associated with the 
progression of HCC in young patients23. Addition-
ally, miR-101 regulates the chemoresistance of liver 
cancer cells to cis-platinum through the DNA-PKCs 
signaling pathway24. MiR-225-5p, widely explored 
in cancers, represses the metastasis of gastric can-
cer by targeting B-cell lymphoma-W (Bcl-W) and 
specific protein 125. Furthermore, its overexpression 
can inhibit the expression of EphA4 in breast cancer, 
thereby inhibiting breast cancer cell proliferation26. 
According to researches into colorectal cancer, the 
overall survival is significantly shorter in patients 
with down-regulation of miR-335-5p. However, its 
overexpression can restrain the migration and inva-
sion of tumor cells. Therefore, miR-335-5p serves 
as a potential target for the treatment of colorectal 
cancer27. In addition, miR-335-5p up-regulates the 
expression of CRKL, eventually suppressing the 
proliferation and migration of bladder cancer cells28. 
However, the functions of miR-335-5p in mediating 
the proliferation and metastasis of liver cancer cells 
have not been fully elucidated. Therefore, the mo-
lecular mechanism of miR-335-5p in liver cancer 
needs to be further explored.

It is worth noting that the phosphatidylinositol 
3-hydroxy kinase/protein kinase B (PI3K/Akt) sig-
naling pathway is a canonical regulator in the de-
velopment of liver cancer29. Dysregulation of this 
pathway induces cell growth disorder. As the cores 
of this pathway, both PI3K and Akt can mediate 
downstream biological effects via various mole-
cules, such as NF-κB, VEGF and FOXO30. Sun et 
al31 found that the PI3K/Akt pathway plays a pivot-
al role in a variety of solid tumors. It has also been 
discovered that octamer-binding transcription fac-
tor 4 (Oct4), with the carcinogenic potential, in-
duces stem-like properties and resists apoptosis in 
cancer32,33. The present study, therefore, aimed to 
examine whether miR-335-5p and Oct4 were cor-
related with the PI3K/Akt signaling pathway.

Patients and Methods

Cells and Reagents
Huh7 human liver cancer cells were purchased 

from the Shanghai Institutes for Biological Sci-

ences, Chinese Academy of Sciences (Shang-
hai, China); RNA extraction kit from QIAGEN 
(Hilden, Germany); Lipofectamine 2000 trans-
fection reagent from Invitrogen (Carlsbad, CA, 
USA); miR-335-5p mimics from Thermo Fisher 
Scientific, Inc. (Waltham, MA, USA); Dulbec-
co’s modified Eagle’s medium (DMEM) and fe-
tal bovine serum (FBS) from Gibco (Rockville, 
MD, USA); Luciferase plasmids from Promega 
Corporation (Madison, WI, USA); radioimmu-
noprecipitation assay (RIPA) lysis buffer (Beyo-
time, Shanghai, China), polyvinylidene fluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA), enhanced chemiluminescence (ECL) Plus 
Western blotting detection reagent and horserad-
ish peroxidase (HRP)-coupled secondary anti-
bodies from ImmunoWay (Plano, TX, USA).

Collection of Clinical Samples 
Paired HCC tissue samples (n=20) and ad-

jacent non-tumor tissue samples (n=20) were 
collected from HCC patients who received rad-
ical surgery from May 2015 to December 2017 
in Jiaozhou Central Hospital of Qingdao. All 
the patients did not undergo chemotherapy or 
radiotherapy before surgery. Collected tissue 
samples were immediately cryopreserved in 
liquid nitrogen at -80°C for use. This investiga-
tion was approved by the Ethics Committee of 
Jiaozhou Central Hospital of Qingdao. Signed 
written informed consents were obtained from 
all participants before the study.

Target Gene Prediction and Analysis 
Target genes of miR-335-5p were predicted 

using TargetScan, and the resulting target genes 
were uploaded to Metascape for enrichment 
analysis. Based on species, TargetScan34, an on-
line database dedicated to analyzing the miRNA 
target genes of mammalians, is divided into the 
following sub-databases: TargetScanHuman, Tar-
getScanMouse, TargetScanFly, TargetScanWorm 
and TargetScanFish. Metascape35 integrates mul-
tiple authoritative database resources from GO, 
KEGG, Uniprot and DrugBank. Therefore, it 
supports pathway enrichment analysis, biological 
process annotation, gene-related protein-protein 
interaction network analysis and drug analysis 
concerned.

Cell Culture and Transfection 
Huh7 human liver cancer cells were first even-

ly distributed into a cell culture flask. The cells 
were cultured in DMEM containing 10% FBS in 
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an incubator with 5% CO2 at 37°C. For cell trans-
fection, Huh7 cells were first seeded into 24-well 
plates. Subsequently, the cells were transfect-
ed with 100 nM miR-335-5p mimics (miR-335-
5p group) or negative controls (Negative group) 
according to the instructions of Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA). The Oct4 
overexpression system plasmid [complementary 
deoxyribonucleic acid 3 (pcDNA)-Oct4] was con-
structed by inserting intact Oct4 sequences into 
the pcDNA3.1 plasmid. On the second day, the 
pcDNA-Oct4 plasmid was transfected into Huh7 
cells via Lipofectamine 2000. At 48 h after trans-
fection, the cells were harvested for subsequent 
experiments.

Cell Proliferation via Cell Counting Kit 
(CCK)-8 Assay

First, Huh7 cells were inoculated into 96-well 
plates (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) at a density of 1×104 cells/well. Then, 
the cells were transfected with 1 pM miR-335-5p 
mimics or negative controls, followed by culture 
for 24, 48 and 72 h. At each time point, 10 µL 
of CCK-8 reagent (Dojindo Molecular Technolo-
gies, Inc., Kumamoto, Japan) was added to each 
well, followed by culture at 37°C for another 2 
h in the dark. Optical density at 450 nm (OD450) 
was finally measured using a spectrophotometer 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
Each experimental condition was determined in 
triplicate, and all the experiments were repeated 
for at least 3 times.

Quantitative Reverse Transcription-Poly-
merase Chain Reaction (qRT-PCR) 

Total RNAs in tissues and cells were extract-
ed using TRIzol reagent and quantified by Nan-
oDrop 2000 (Thermo Fisher Scientific, Waltham, 
MA, USA). Subsequently, extracted RNAs were 
reversely transcribed into cDNA using reverse 
transcriptase. Mature miR-335-5p relative to U6 
and Oct4 relative to glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) were quantified via 
qRT-PCR using 7900HT fast real-time PCR sys-
tem (Applied Biosystems, Foster City, CA, USA). 
Primer sequences used in this study were listed 
in Table I.

Luciferase Reporter Gene Assay 
Huh7 cells cultured in 24-well plates were 

transfected with PGL3 Luciferase reporter plas-
mids containing mutant-type or wild-type Oct4 
3’ untranslated region (3’UTR) and miR-335-5p 
using Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA). After culture for 24 h, the 
Luciferase activity was measured according to 
the manufacturer’s protocols of Dual-Lucifer-
ase reporter analysis system (Promega, Madi-
son, WI, USA).

Western Blotting 
Total proteins were extracted from Huh7 cells 

transfected with miR-335-5p using RIPA lysis buf-
fer. Subsequently, protein samples were separated 
by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto 
polyvinylidene difluoride (PVDF) membranes. 
After being sealed by 5% skim milk powder, the 
membranes were incubated with primary anti-
bodies of Akt and phosphorylated Akt (p-Akt) 
overnight. On the next day, the membranes were 
incubated with HRP-coupled secondary antibod-
ies. Immunoreactive bands were finally detected 
using the enhanced chemiluminescence (ECL) 
exposure system.

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 22.0 software (IBM Corp., Armonk, NY, 
USA) was utilized for statistical analysis. Mea-
surement data were presented as mean ± standard 
deviation. Independent-samples t-test was used 
to compare the difference between two groups. 
p<0.05 suggested that the differences were statis-
tically significant.

Table I. QRT-PCR primer sequences.

Gene	 Forward (5’-3’)	 Reverse (5’-3’)

GAPDH	 GGAGCGAGATCCCTCCAAAAT	 GGCTGTTGTCATACTTCTCATGG
U6	 CTCGCTTCGGCAGCACA	 AACGCTTCACGAATTTGCGT
Oct4	 CTTGAATCCCGAATGGAAAGGG	 CCTTCCCAAATAGAACCCCCA
MiR-335-5p	 TCAAGAGCAATAACGAAAAATGT	 TGGTGTCGTGGAGTCG
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Results

Up-regulation of MiR-335-5p Expression 
in Liver Cancer Patients 

First, the information of liver cancer patients 
was statistically explained (Table II). QRT-PCR 
analysis showed that the expression of miR-335-
5p increased significantly in the liver tissues of 
liver cancer patients when compared with Control 
group (p<0.01) (Figure 1).

Predicted Target Genes of MiR-335-5p 
TargetScan predicted that miR-335-5p had 289 

target genes, including Oct4 (POU5F1). Subse-
quently, the target gene set was up-loaded to the 
online tool Metascape for enrichment analysis. 
A series of biological processes and pathways in 
which the target genes were involved were finally 
acquired. Besides, the biological processes cov-
ered abundant categories (Figure 2).

Transfection with MiR-335-5p Induced 
MiR-335-5p Expression 

To verify whether transfection with miR-335-
5p induced overexpression of miR-335-5p in Huh7 
cells, qRT-PCR was conducted. The results con-
firmed that the expression of miR-335-5p in miR-
335-5p group was significantly higher than that in 
Negative group (p<0.01; Figure 3).

MiR-335-5p Overexpression Inhibited 
Oct4 Gene Expression 

The changes in Oct4 expression were detect-
ed via qRT-PCR to observe whether miR-335-5p 
overexpression could alter the expression of Oct4. 
According to the results, the expression of Oct4 
was evidently down-regulated after miR-335-5p 
overexpression compared with that in Negative 
group (p<0.01; Figure 4).

MiR-335-5p Overexpression Restrained 
Huh7 Cell Proliferation 

The changes in the proliferation of Huh7 human 
liver cancer cells after miR-335-5p overexpression 
was detected by CCK-8 assay. It was discovered 
that the OD450 of Huh7 cells remarkably declined 
at 48 and 72 h in miR-335-5p group (p<0.05). 
These results implied that the proliferation rate of 
Huh7 cells was distinctly repressed (Figure 5).

MiR-335-5p Directly Bound to Oct4 to 
Inhibit the Activity of the Akt Pathway 

To clarify the mechanism of action of miR-
335-5p in liver cancer, the changes in the protein 
expressions of Akt and p-Akt after miR-335-5p 
overexpression were detected by Western blot-
ting. The results indicated that miR-335-5p over-
expression significantly down-regulated the pro-
tein expression of p-Akt (p<0.01; Figure 6). The 
interaction between miR-335-5p and Oct4 was 
determined via Luciferase reporter gene assay. 
It was found that the activity of wild-type Oct4 
reporter plasmid increased remarkably in Huh7 
cells with miR-335-5p overexpression (p<0.01). 
However, no evident changes were observed in 
the mutant-type Oct4 reporter system (Figure 7).

Discussion

MiRNAs are the most extensively researched 
non-coding RNAs currently. Previous studies 
have established that increasing miRNA mole-
cules are identified as markers. Many miRNAs 

Table II. Statistics of information of 20 liver cancer patients.

Parameter	 n

Age	
  >50	 10
  ≤50	 10
Sex	
  Male	 10
  Female	 10
TMN stage	
  I/II	 10
  III/IV	 10

Figure 1. QRT-PCR results reveal that the expression of 
miR-335-5p is up-regulated in the liver tissues of liver can-
cer patients. Note: compared with that in control group, the 
expression of miR-335-5p increases in patients with liver 
cancer (**p<0.01).
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have been found associated with the occurrence 
of liver cancer36. Of note, miR-370 down-reg-
ulates the expression of PIM1 in HCC to resist 
cancer development37. MiR-548b directly binds to 
the mRNA of high mobility group box 1 to re-
press the invasion of HCC38. MiR-335-5p, widely 
explored in cancers, targets intercellular adhesion 
molecule 1 (ICAM-1) to suppress the invasion and 
metastasis of thyroid cancer cells39. Wang et al40 
proposed that miR-335-5p overexpression can be 
taken as a new treatment strategy for HCC since it 
suppresses the proliferation and migration of liv-
er cancer cells. However, its mechanism of action 
has not been fully elucidated. Our results showed 
that miR-335-5p, as a novel liver cancer-relat-
ed miRNA molecule, significantly inhibited the 
growth of Huh7 human liver cancer cells. All 

these findings suggested that miR-335-5p func-
tioned as a tumor suppressor miRNA.

Besides, our results revealed that miR-335-5p 
served as a therapeutic target for liver cancer. 
Compared with other studies, the present re-
search not only verified the expression of miR-
335-5p in liver cancer, but also partly corroborat-
ed the expression and mechanism of miR-335-5p 
in vitro. Moreover, the differential expression of 
miR-335-5p predicted its important role in dis-
ease progression. Online website predicted that 
Oct4 acted as the target gene of miR-335-5p in 
HCC. Meanwhile, miR-335-5p could bind to Oct4 
to inhibit the proliferation of Huh7 liver cancer 
cells. Oct4 (POU5F1), a stem-related gene, is ex-
pressed in embryonic stem cells, germ cells and 
various cancer cells41-43. Zeineddine et al44 have 

Figure 2. Statistics of enriched terms of miR-335-5p target genes. Note: p<0.05 for all the terms.

Figure 3. Transfection with miR-335-5p induces the ex-
pression of miR-335-5p. Note: in comparison with that in 
negative group, the expression level of miR-335-5p is sub-
stantially up-regulated in miR-335-5p group (**p<0.01).

Figure 4. Transfection with miR-335-5p mimics inhibits 
the expression of Oct4 in Huh7 cells. Note: the expression 
of Oct4 in miR-335-5p group is notably lower than that in 
negative group (**p<0.01).
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considered Oct4 as a major regulator of stem cells. 
According to previous researches, the expression 
of Oct4 is correlated with the recurrence of liv-
er cancer by depending on STAT345. It has been 
reported that Oct4 has several targets, including 
ICAM-1, CPNE1 and Bcl-W39,46,47. However, there 
has not yet been a report that miR-335-5p functions 
by modulating Oct4 in liver cancer. In this study, 
bioinformatics analysis showed that Oct4 was like-
ly to be a target of miR-335-5p. Their interaction 
in HCC has also been verified. The Akt signaling 
pathway plays a crucial role in the growth of liver 
cancer cells48,49. At present, the potential mecha-
nism of miR-335-5p via the Akt signaling pathway 
has not been fully reported. Therefore, it was as-
sumed that miR-335-5p inhibited Oct4 expression 
to regulate the activity of the Akt signaling path-
way. The present study laid a solid foundation for 
the development and verification of miRNAs that 
could serve as diagnostic markers or therapeu-
tic targets for liver cancer. Despite relatively full 
prediction and verification, there are still some 
deficiencies. For example, the assumption was not 
verified in vivo, so the mechanism of miR-335-5p 
in liver cancer patients remains to be explored in 
depth. Additionally, whether miR-335-5p could 
truly serve as a marker in liver cancer it needs to 
be further confirmed for better clinical application.

Conclusions

MiR-335-5p is differentially expressed in liver 
tissues of patients with liver cancer. Oct4 serves 

Figure 5. MiR-335-5p overexpression represses the prolif-
eration of Huh7 cells. Note: the OD450 of Huh7 cells distinct-
ly declines at 48 and 72 h in miR-335-5p group compared 
with that in negative group (*p<0.05).

Figure 6. MiR-335-5p overexpression inhibits p-Akt ex-
pression. A, Akt and p-Akt protein electrophoresis bands 
after transfection with miR-335-5p in Huh7 cells. B, Quan-
titative results of Akt and p-Akt proteins after transfection 
with miR-335-5p in Huh7 cells. Note: **p<0.01: there is a 
statistically significant difference between negative group 
and miR-335-5p group.

Figure 7. Luciferase activity of wild-type and mutant-type 
Oct4 reporters in Huh7 cells after transfection with negative 
or miR-335-5p. Note: **p<0.01: there is a statistically sig-
nificant difference between negative group and miR-335-5p 
group.
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as the target gene of miR-335-5p. These results 
lay a foundation for further investigation of the 
mechanism of miR-335-5p in liver cancer. More-
over, miR-335-5p inhibits Oct4 gene expression 
to restrain the activation of the downstream Akt 
signaling pathway. The novelty of this study was 
that our findings could provide scientific bases for 
the treatment of liver cancer with miR-335-5p and 
put forward the possibility of miR-335-5p as the 
potential treatment target for liver cancer.
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