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Abstract. Previous studies have reported that microRNAs 
regulate gene expression and transcription. miR-21 have been 
identified to play a role in many types of cancer. KLF5 func-
tions as a tumor inhibitor in certain cancers. However, the role 
of KLF5 plays in hepatocellular carcinoma (HCC), especially 
concerning the relationship between miR-21 and the KLF5 gene 
remains to be determined. Reverse transcription-quantitative 
PCR (RT-qPCR), western blot analysis, as well as luciferase 
reporter and Transwell assays were used to determine the 
expression of miR-21 and KLF5 in Huh 7, SK-HEP-1, LO-2, 
and HCC tissues. In HCC cells and tissues, the upregulation of 
miR-21 was identified. HCC cell migratory and invasive abili-
ties significantly increased because of miR-21 overexpression. 
KLF5 expression was inhibited by miR-21 by targeting its 
3'-UTR. KLF5 overexpression alleviated the effect induced 
by miR-21 on the migratory and invasive ability of the Huh 7 
cells. The results therefore show that, HCC cell migration and 
invasion is significantly suppressed by miR-21 via targeting 
KLF5. The newly identified miR-21/KLF5 axis provides a 
useful therapeutic biomarker for HCC treatment.

Introduction

Hepatocellular carcinoma (HCC) is ranked second worldwide 
with regard to tumor-related death (1). In addition, chronic infec-
tion through the hepatitis B virus (HBV) is strongly associated 
with death (2). Surgical resection or transplantation is used as a 

form of treatment of HCC, when the disease is detected early. 
However, in most cases, patients are diagnosed with HCC at an 
advanced stage. Consequently, doctors have limited treatment 
options because of lack of effective therapies. Activation of 
proto-oncogenes and deactivation of cancer-inhibitor genes 
play a pivotal role in tumorigenesis (3).

MicroRNAs can suppress the expression of related genes or 
induce their degradation at the post-transcriptional level (4-6). 
Approximately 1-5% of animal genes have been predicted to 
comprise miRNAs (7). Existing miRNAs have been identified 
in a number of organisms. Cell proliferation, differentiation, 
and apoptosis are regulated in the post-transcriptional regu-
lation mechanism by various miRNAs  (8,9). Therefore, 
human cancer cells developing from normal cells through a 
series of disorders are caused by the aberrant regulation of 
miRNAs (10).

The dysregulated expression of many microRNAs, 
including miR-21 in HCC, has been reported, which were iden-
tified in genomic analysis (11,12). The up- or downregulation 
of miR-21 were revealed in abundant malignancies, often over-
expressed in various types of cancer, such as multiple myeloma 
pathogenesis, lung cancer (13-15). It has been confirmed that 
programmed cell death 4 (PDCD4) as a tumor suppressor 
may be downregulated by miR-21 (16). The tumorigenesis 
of colorectal carcinoma may also be stimulated by miR-21 
at the post-transcriptional level  (17). In addition, miR-21 
controlled breast cancer cell progression by targeting the 
PDCD4 factor (18). The expression of long non-coding RNA 
(IncRNA) growth arrest-specific 5 (GAS5) can be inhibited 
by miR-21. Of note, GAS5 is capable of suppressing miR-21 
expression (19). In HCC, HBV X protein (HBx) downregulates 
PDCD4 expression via miR-21 (20). The function of miR-21 
was also present in pancreatic, gastric and lung cancer (21-23). 
The Kruppel-like family of transcription factors (KLFs), 
are considered tumor suppressors. The cell growth of breast 
cancer was inhibited via KLF5  (24). In addition, the cell 
growth, cell cycle regulation, and angiogenesis can be influ-
enced by KLF5. In human bladder cancer, Gao et al found 
that cell proliferation and tumorigenesis were promoted by 
KLF5  (25). Downregulation of KLF5 is often detected in 
prostate cancer (26).
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However, whether the regulation of migration and inva-
sion in HCC is induced via miR-21 through KLF5 remains 
to be elucidated. To analyze the function of miR-21, miR-21 
upregulation in HCC was identified in tumor tissues and cell 
line in this study using RT-qPCR. The results showed that 
in HCC cells, miR-21 overexpression promoted metastasis 
and invasion. Furthermore, KLF5 as a downstream target of 
miR-21 was inhibited by miR-21. The present findings demon-
strate a valuable therapeutic biomarker for HCC differentiation 
and treatment.

Materials and methods

Tissue samples. Between March, 2013 and May, 2016, 
80 patients selected from People's Hospital of Linyi (Linyi, 
China), were included in this study. Following surgical resec-
tion, tumor tissues obtained from the patients, were quickly 
frozen in liquid nitrogen and then stored at -80˚C until further 
use. None of the patients participating in the study underwent 
chemo- or radiation therapy.

The present study was approved by the Ethics Committee 
of People's Hospital of Linyi. Informed consent was obtained 
from all the patients whose tissues were used in this study.

Cell culture. Three cell lines (Huh 7 and SK-HEP-1) and 
normal human hepatocytes (LO-2) were purchased from the 
American Type Culture Collection (ATCC; Manassas, VA, 
USA) and Sciencell (San Diego, CA, USA), respectively. These 
cell lines were cultured with DMEM medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), added with 
10% FBS (Biowest, South America Origin, Paris, France), 
100 IU/ml penicillin and 100 µg/ml streptomycin, and placed 
in a humidity incubator at 37˚C and 5% CO2.

Plasmid construction. In our study, the psiCHECK-2 plasmid 
(Promega, Madison, WI, USA) was selected for the dual lucif-
erase reporter assay. The partial KLF5 gene served as the gene 
from which the 3'-untranslated regions (UTRs) were taken and 
cloned for the appropriate miR-21-binding site. Then, it was 
linked into the downstream of the luciferase reporter gene of 
psiCHECK-2. The plasmids containing miR-21 or LNA anti-
miR-21 were constructed. In order to knock down the KLF5 
gene, KLF5 siRNA was produced.

Transfection. We purchased miR-21 mimic and inhibitor 
from GenePharma Co., Ltd. (Suzhou, China) and KLF5 
vector from Shanghai Genechem Co., Ltd. (Shanghai, China). 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) and RNAiMAX (Invitrogen; Thermo Fisher Scientific, 
Inc.) were used to transfect miR-21 mimic, miR-21 inhibitor, 
KLF5 vector or both KLF5 vector and miR-21 mimic, respec-
tively. For transfection, Huh 7 or SK-HEP-1 cells were seeded 
in 24- or 6-well plates and then transfected with the indicated 
plasmids for 48 h using Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) following the manufacturer's 
protocol. The cells were collected for the following experi-
ments after 48 h of transfection.

RNA extraction and reverse transcription-quantitative PCR. 
TRIzol reagent (Takara, Dalian, China) was used to isolate 

total RNA from HCC tissues and three cell lines Huh  7, 
SK-HEP-1 and LO-2 cell. The SYBR PrimeScript RT-PCR kit 
(Takara) was applied for reverse-transcription of RNA to 
detect miR-21 and KLF5. The Roche Light Cycler 480 instru-
ment (Roche, Basel, Switzerland) was used to perform reverse 
transcription-quantitative PCR (RT-qPCR). The snRNA U6 or 
GAPDH were identified as the internal control for miRNA or 
KLF5, respectively. The miR-21 and KLF5 relative expression 
ratio was determined using the 2-∆∆Cq algorithm (27). PCR 
primers used were as follows: miR-21, forward: 5'-TAGCTT 
ATCAGACTGATG-3' and reverse: 5'-TGGTGTCGTGG 
AGTCG-3'; U6, forward: 5'-CTCGCTTCGGCAGCACA-3' 
and reverse: 5'-AACGCTTCACGAATTTGCGT-3'; KLF5 
forward:, 5'-ATCGAGATGTTCGCTCGTGC-3'; and reverse,: 
5'-TTTAAAGGCAGACACTGAGTCAG-3'; GAPDH forward: 
5'-ATCGTCCACCGCAAATGCTTCTA-3'; and reverse: 
5'-AGCCATGCCAATCTCATCTTGTT-3'. All the RT-qPCR 
experiments were repeated three times.

Western blot analysis. Tissue powder (200 mg) stored at -80˚C 
were lysed in lysis buffer (Nanjing KeyGen Biotech Co., Ltd., 
Nanjing, China) for protein extraction. The concentration of 
the extracted protein was analyzed using BCA kit (Beyotime 
Institute of Biotechnology, Haimen, China). A 20 µg protein 
sample was loaded in each lane, and gel electrophoresis was 
conducted using 12% SDS-PAGE to separate the extracted 
proteins, which were subsequently transferred on nitrocel-
lulose membranes that blocked overnight in Tris-buffered 
saline including 0.1% Tween-20 and 5% skimmed milk 
powder at 4˚C. The membranes were then incubated with the 
primary antibody: rabbit monoclonal anti-KLF5 (ab 137676; 

Table I. miR-21 expression and clinicopathological character-
istics in HCC patients.

	 miR-21 expression
	 ----------------------------------------
		  Low	 High
Variables	 No.	 n (%)	 n (%)	 P-valuea

Age (year)				    0.768
  <50	 39	 18 (46.2)	 21 (53.8)
  ≥50	 61	 30 (49.2)	 31 (50.8)
Sex				    0.519
  Male	 52	 25 (48.1)	 27 (51.9)
  Female	 48	 20 (41.7)	 28 (58.3)
Tumor size (cm)				    0.0042
  <5	 31	 15 (48.4)	 16 (51.6)
  ≥5	 69	 14 (20.3)	 55 (79.7)
Tumor differentiation				    0.732
  I + II	 55	 25 (45.5)	 30 (54.5)
  III + IV	 45	 22 (48.9)	 23 (51.1)
Metastasis				    0.658
  No	 41	 19 (46.3)	 22 (53.7)
  Yes	 59	 25 (42.4)	 24 (57.6)

aP-values are calculated with Chi-square test.
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1:1,000; Abcam, Cambridge, MA, USA) at 4˚C for 8 h. Rabbit 
monoclonal to GAPDH (EPR16891; 1:5000; Abcam) was 
chosen as the internal reference. Then, they were incubated 
with secondary antibody goat anti-rabbit IgG-HRP (sc-2004; 
1:3,000; Santa Cruz Biotechnology, Inc. Santa Cruz, CA, 
USA) at room temperature for 1 h. The proteins of interest 
were detected by the enhanced chemiluminescence (ECL) 
detection system (Sea Biotech, Shanghai, China). Finally, the 
extracted protein was quantified using the Bio-Rad GelDoc 
2000 instrument (Bio-Rad, Hercules, CA, USA).

Luciferase reporter analysis. We strived to seek antisense 
matches of KLF5 3'-UTR sequences against miR-21 by 
means of TargetScan. In order to perform luciferase reporter 
analysis, 100 ng of the negative control or miR-21 mimic and 
psiCHECK-2-KLF5-3'-UTR-WT, or psiCHECK-2-KLF5-3'-
UTR-MT were co-transfected into Huh 7 cell line. At 48 h 
after transfection, the cells were gathered and analyzed via 
dual-luciferase reporter assay system (Promega, Madison, WI, 
USA). Transfections were performed three times.

Transwell migration and invasion assays. The 24-well 
Transwell chambers (Millipore Corporation, Billerica, MA, 
USA) were used for the cell migration assay according to the 
manufacturer's protocol. DMEM medium containing 5% fetal 
bovine serum (FBS) was added to the lower chamber as a 
chemoattractant. After incubation for 24 h, the cells adhering 
to the upper membrane were removed with cotton wool, 
whereas the cells that had migrated or invaded through the 

membrane were fixed with methanol and stained with 0.1% 
crystal violet in 5% CO2 at 37˚C for 15 min. For the inva-
sion assay, the procedure was similar to the cell migration 
assay, except that membranes of the upper chambers were 
pre-coated with 100 ml Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA). The cells were photographed under a phase-
contrast microscope (Olympus, Tokyo, Japan) and counted in 
five randomly chosen fields. Each experiment was performed 
in triplicate.

Statistical analysis. The results are presented as the 
mean  ±  standard deviation (SD). Statistical analysis was 
conducted using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). 
Each experiment was repeated at least three times. The 
Student's t-test or Tukey-Kramer post hoc test after one-way 
analysis of variance (ANOVA) in SPSS were used to analyze the 
differences between the groups. Correlation between mRNA 
and miRNA were estimated using the Spearman's correlation 
method. P<0.05 was considered to indicate a significant differ-
ence. We generated graphs using GraphPad Prism 6 Software 
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

Upregulation of miR-21 in the HCC tissues. The upregulation 
of miR-21 was identified in HCC cancer tissues, as in a 
previous study (28). Eighty collected human HCC tissues and 
their adjacent non-tumorous samples were analyzed using 
RT-qPCR to investigate miR-21 expression in this study. 

Figure 1. miR-21 was significantly upregulated in HCC tissues. (A) The expression levels of the miR-21 in HCC and theirs corresponding tissues were tested 
using RT-qPCR. The expression levels were calculated using the miR21/U6 expression ratio (2-∆∆Cq). (B) The miR-12 expression in HCC cell lines (Huh 7 and 
SK-HEP-1) and the LO-2 normal liver cells were tested using RT-qPCR. (C) The overall survival rate of the patients associated with the expression level of 
miR-21. **P<0.01, ***P<0.001.

https://www.spandidos-publications.com/10.3892/ol.2018.9843
https://www.spandidos-publications.com/10.3892/ol.2018.9843
https://www.spandidos-publications.com/10.3892/ol.2018.9843
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miR-21 expression was significantly increased compared with 
non-tumorous in HCC tissues (P<0.001) (Fig. 1A). According 
to the RT-qPCR results, miR-121 expression was increased in 
HCC cell lines (Huh 7 and SK-HEP-1) compared with LO-2 
normal liver cells (Fig. 1B). The correlation between clinico-
pathological characteristics and the miR-21 expression level 
was also detected. We observed that the lager tumor size was 
associated with an increase of miR-21 expression (P=0.0042) 
(Table I). Additionally, poor 5-year survival rate was signifi-
cantly associated with miR-21 overexpression (P=0.037) 
(Fig. 1C), suggesting a relationship between the prognostic and 
miR-21 expression level.

miR-21 overexpression increases the number of invasive and 
migrated cells in HCC. To prove the miR-21 biological influ-
ence of cell invasion and migration, miR-21 expression levels 
of the Huh 7 cell line transfected with miR-21 mimic plasmid 
was detected (P<0.05) (Fig. 2A). In addition, the invasion and 
migration rates of the two HCC cell lines (SMMC-7721) were 
remarkably promoted by miR-21 overexpression, which were 
demonstrated by the Transwell assays (Fig. 2B and C).

miR-21 inhibits the KLF5 expression and binds to the 3'-UTR 
of the KLF5. To identify the potential downstream targets of 
miR-21, bioinformatics analysis was carried out on the website 
TargetScan (http://www.targetscan.org/). By the online 
prediction, KLF5 was selected as the target gene of miR-21. 
The prediction showed that KLF5 gene has one binding site 
to miR-21 at 857-864 bp in the 3'-UTR (Fig. 3A). In order 
to verify the prediction, the luciferase reporter analysis was 
carried out using the Huh 7 cell line.

The relative luciferase activity of the cells transfected with 
the miR-21 mimic and the psi-KLF5-3'-UTR-WT plasmid was 
significantly decreased. On the other hand, when the miR-21 
mimic and psi-KLF5-3'-UTR-MUT plasmid containing 
mutant sites at the 3'-UTR of KLF5 were transfected into the 
cell line, the reduction extent of the luciferase activity was 
alleviated (P<0.05) (Fig. 3B).

Furthermore, we found that the protein and mRNA expres-
sion levels of KLF5 were markedly inhibited by miR-21 
overexpression in Huh 7 cells. The protein and mRNA expres-
sion levels of KLF5 were increased following with the silenced 
miR-21 in SK-HEP-1 cells (P<0.05) (Fig. 3C and D).

Figure 2. Overexpression of miR-21 promotes HCC cell line invasion and migration in vitro. (A) The successful overexpression of miR-21 in Huh 7 was 
confirmed by RT-qPCR. (B and C) Cell line invasion and migration were determined using the Transwell assays in the two HCC cell lines (Huh 7). *P<0.05, 
**P<0.01.
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Overexpression of KLF5 alleviates the miR-21-driven 
promoting effect on cell line invasion and migration in vitro. 
To confirm whether KLF5 overexpression could reverse the 

miR-21-driven promoting effect on the cell invasive and 
migratory ability in vitro, the expressing plasmid containing 
the KLF5 without the 3'-UTR was constructed. The invasion 

Figure 3. The expression of KLF5 can be suppressed by miR-21, which binds to 3'-UTR. (A) The binding site of KLF for miR-21 was predicted using the online 
TargetScan tool. (B) Huh 7 cells were transfected with the Renilla luciferase psiCHECK-2 plasmid, and psiCHECK-2 plasmid which had either wide-type or 
mutant KLF5 3'-UTR, and the miR-21 mimic. (C) Huh 7 cell lines were transfected with NC or the miR-21 mimic. The SK-HEP-1 cell line was transfected 
with NC or LNA-miR-21. The expression of the KLF5 was tested by RT-qPCR. (D) The protein expression of KLF5 was determined using western blot analysis 
in the Huh 7 and SK-HEP-1 cell lines. *P<0.05.

Figure 4. Overexpression of KLF5 alleviates the miR-21-driving promoting effect of cell line migration and invasion in vitro. (A and B) Transwell assays were 
used to determine the Huh 7 cell line migration and invasion following transfection with the miR-21 mimic and KLF5 without its 3'-UTR or control plasmid. 
*P<0.05, **P<0.01.

https://www.spandidos-publications.com/10.3892/ol.2018.9843
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and migration rates were tested using the Transwell assays 
in the selected cell line (Huh 7) transfected with the miR-21 
mimic and the KLF5 lacking the 3'-UTR (Fig. 4A and B). 
From the results, we could identify that the overexpression 
of KLF5 alleviates the miR-21-driven promoting role of cell 
invasion and migration in vitro.

Discussion

A number of onco-miRNAs have been previously identi-
fied, especially miR-21 (28). The function of miR-21 which 
is frequently upregulated has been identified in numerous 
cancers including colorectal cancer  (29), breast carci-
noma (18), pancreatic carcinoma (21), gastric carcinoma (22), 
lung carcinoma (30,31), colorectal carcinoma (32) and hepa-
tocellular carcinoma (33). In the present study, it was found 
that the miR-21 expression level was enhanced in HCC tumor 
tissues compared to the corresponding non-tumorous tissues. 
In addition, the invasive and migratory ability of the hepatoma 
cell line in vitro could be promoted by miR-21 re-expression. 
At the post-transcriptional level, we first demonstrated that 
miR-21 negatively modulated KLF5 by combining with the 
3'-UTR of the tumor suppressor in this study.

Previous findings have shown that, PDCD4 expression 
was downregulated via HBx, which was partially modulated 
by miR-21 (20). In the present study, we did not employ HBV 
and HBx. However, HBV-infected hepatic cells are involved in 
the formation of HCC. Therefore, identifying the correlation 
between HBx and KLF5 in future investigations is impera-
tive. miR-21 also has a great impact on the pathogenesis of 
atrial fibrosis. In addition, miR-21 inhibition induced by the 
antagomir-21 could suppress the fibrosis of atrial fibrillation 
post-myocardium infarction (34). This confirms that miR-21 
has various different functions in different cancer types.

As a member of the Kruppel-like family, KLF5 is involved 
in the modulation of various physiological and pathological 
processes, KLF5 has been reported to regulate embryonic 
development, stress response, cell proliferation and differen-
tiation, carcinogenesis and cardiovascular remolding through 
various regulatory mechanisms, as indicated by previous find-
ings (35,36). In addition, KLF5 contributes to bladder cancer 
angiogenesis via the VEGFA pathway. The GC boxes and 
CACCC elements of VEGFA combine with KLF5 to regulate 
tumorigenesis. The silence of KLF5 can remarkably inhibit 
the expression of VEGFA (25). In our study, miR-21 regulated 
KLF5 by binding to its 3'-UTR. Additionally, HCC cell inva-
sion and migration can be promoted through the knockdown 
of KLF5 by siRNA in vitro.

miR-153 reduced KLF5 expression by combining with its 
3'-UTR, as is evident from our results. In addition, the expres-
sion of KLF5, suppressed by miR-153, was verified by the 
luciferase reporter assay (37). ERβ is a nuclear receptor for 
estrogen (E2). E2 biphasically regulated KLF5 transcription 
through ERβ to modulate prostate tumor progression, which 
showed that the KLF5 expression was associated with the 
progression of prostate tumor (38). Thus, we may develop or 
identify effective drugs to prevent the progression of HCC.

In summary, results of the present study show that, the 
invasion and migration of HCC cells may be significantly 
suppressed by miR-21 by targeting the tumor suppressor KLF5. 

Accordingly, the miR-21/KLF5 axis may open up a novel way 
for treating HCC, such as tumor invasion and metastasis.
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