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Objective: Cervical carcinoma (CC) is a serious threat to women’s health and few effective

therapeutic methods have been discovered. The purpose of this study is to explore the

underlying mechanism of miR-145-5p in CC.

Methods: Bioinformatics methods were employed to analyze the gene expression data of

CC from TCGA database. qRT-PCR was used to detect the expression of miR-145-5p and

KLF5 in CC cells, and Western blot was employed for the examination of KLF5 protein

level. The targeted relationship between miR-145-5p and KLF5 was verified by a dual-

luciferase reporter assay. Moreover, CCK-8, wound healing assay and transwell invasion

assay were used to analyze the effects of miR-145-5p overexpression or KLF5 silencing on

the proliferation, migration and invasion of CC cells.

Results: miR-145-5p was shown to be down-regulated in CC tissues and cells, while KLF5

was up-regulated. miR-145-5p could bind to the complementary sequence within the wild

type KLF5 3ʹUTR rather than the mutant one. In addition, miR-145-5p could effectively

down-regulate KLF5, in turn inhibiting the proliferation, migration and invasion of CC cells.

Conclusion: miR-145-5p regulates the proliferation, migration and invasion of CC cells by

targeting KLF5.
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Introduction
Cervical carcinoma (CC) is the second common cancer among women with higher

morbidity and mortality.1,2 Almost 95% CC is caused by persistent infection of

human papillomavirus (HPV).3,4 Despite the pivotal role in the transformation of

cervical epithelial cells, HPV infection is not enough to result in the malignant

conversion and consequently lead to tumor occurrence.5 In the infected bodies, CC

progression can be affected by various auxiliary factors, especially by some differ-

entially expressed genes.6,7 Therefore, knowing more about the abnormally

expressed genes can help to find novel therapeutic methods for CC and improve

patient’s prognosis.

MicroRNAs (miRNAs) have been found to be abnormally expressed in a variety

of cancer types, and they can catalyze mRNA cleavage or inhibit translation in the

way of interacting with the complementary sequences of target mRNAs, thus affect-

ing cancer progression.8–10 Wu et al discovered that miR-144-3p was significantly

down-regulated in CC, and it inhibited cell proliferation, migration and invasion by

targeting MAKP611. Li et al found that miR-93-5p played an inhibitory role in the
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proliferation and metastasis of CC cells, and it could sup-

press the development of HPV-positive CC by targeting

BTG3.12 These studies suggest that the abnormal expres-

sion of miRNAs may affect the malignant progression of

CC. It has been reported that miR-145-5p is down-regulated

in a variety of human cancers, such as breast cancer13 and

bladder cancer14, and plays an inhibitory role in tumor

growth. In addition, miR-145 has been confirmed to have

the potential serving as a candidate biomarker for human

diagnosis.15 Sathyanarayanan et al also found that miR-145

inhibited the proliferation and metastasis of CC cells by

targeting SIP1.16 Moreover, some bioinformatics studies

have reported that the down-regulation of miR-145 is asso-

ciated with poor prognosis of CC.17,18 Therefore, it is mean-

ingful to study the potential mechanism of miR-145-5p in

CC. Generally, miRNAs function in cancer via their target

genes. KLF5, a member of Krüppel-like transcription factor

(KLF) family, participates in a variety of biological pro-

cesses, such as cell proliferation, differentiation, growth,

etc.19,20 Studies have shown that high KLF5 can promote

cell growth and cause phenotypic changes, and it has been

considered to be a novel target for cancer treatment.21,22

These studies collectively suggest that miR-145-5p and

KLF5 may affect the malignant progression of CC.

Currently, about 70% of CC cases have been prevented by

HPV vaccines (HPV-16 and HPV-18).19 In this study, we used

the bioinformatics technique and in vitro experiments to clar-

ify the molecular mechanism of the miR-145-5p/KLF5 axis

underlying the occurrence and development of CC, and aimed

to provide a theoretical support for the targeted therapy of CC.

Materials and Methods
Bioinformatics Analysis
Expression data of miRNAs and mRNAs of CC were

accessed from TCGA database (https://cancergenome.nih.

gov/). “edgeR” package was used to perform differential ana-

lysis (| logFC | > 2, Padj < 0.01) to obtain the differentially

expressed miRNAs (DEmiRNAs) and mRNAs (DEmRNAs).

Then survival analysis was conducted and confirmed miR-

145-5p to be our research object. TargetScan, miRDB and

miRTarBase three databases were applied to predict the down-

stream targetmRNAs ofmiR-145-5p, and aVenn diagramwas

made to find the potential target mRNA.

Cell Culture and Transfection
Human CC cell lines C33A (HTB-31), HT-3 (HTB-32),

Hela (CCL-2) and normal cervical cell line HcerEpic

(AC340374) were cultured in the Dulbecco’s Modified

Eagle Medium (DMEM; 30-2002) containing 10% fetal

bovine serum (FBS), and maintained in a 37°C incubator

containing 5% CO2. These cells and culture mediums were

purchased from the American Type Culture Collection

(ATCC; Manassas, VA, USA).

CC cells in logarithmic phase were divided into nega-

tive control (NC) mimic, miR-145-5p mimic, siRNA (si)-

NC, si-KLF5, NC mimic + si-NC, miR-145-5p mimic +

si-NC and miR-145-5p mimic + si-KLF5 groups. NC

mimic, miR-145-5p mimic, si-NC and si-KLF5 (Ribo

Bio; Guangzhou, China) were transiently transfected into

cells using Lipofectamine ®2000 reagent (Thermo Fisher

Scientific, Inc., Waltham, USA), respectively, and then the

cells were cultured in corresponding mediums with 5%

CO2 at 37°C. After 6 h, the culture mediums were changed

and the cells were continuously cultured for further 48

h for follow-up experiments.

Real-Time Quantitative PCR (qRT-PCR)
Total RNA was extracted using the TRIzol reagent

(Invitrogen, Thermo Fisher Science, Inc.), and then reversely

transcribed into cDNA by the SuperScript® II Reverse

Transcriptase kit (Invitrogen, USA). qRT-PCR was performed

using the SYBR® Premix Ex Taq™ (Takara, Japan) under

the following thermal cycling conditions: pre-denaturation at

95°C for 10 min, 40 cycles at 95°C for 15 s, 60°C for 30 s and

72°C for 30 s. U6 and GAPDH were applied as endogenous

regulators. The relative expression levels of the target miRNA

and mRNA were calculated using the 2−ΔΔCt method.

The primers used were synthesized by the GeneCopoeia

(Maryland, USA) and the sequences were as follows: miR-

145-5p (F: 5ʹ-CTCACGGTCCAGTTCCCA-3ʹ; R: 5ʹ-ACC
TCAAGAACAGTATTTCCAGG-3ʹ); U6 (F: 5ʹ-GCTTCGG

CAGCACATATACTAAAAT-3ʹ; R:5ʹ-CGCTTCACGAATT

TGCGTGTCAT-3ʹ); KLF5 (F: 5ʹ-ACACCAGACCGCAGC

TCCA-3ʹ; R: 5ʹ-TCCATTGCTGCTGTCTGATTTGTAG-3ʹ);

GAPDH (F: 5ʹ-ACAGTCAGCCGCATCTTCTT-3ʹ; R: 5ʹ-

ACGACCAAATCCGTTGACTC-3ʹ).The experiment was

repeated 3 times independently.

Western Blot
Total proteins were isolated from cells with RIPA lysate

buffer (P0013C, Beyotime, Jiangsu, China). BCA Protein

Assay Kit (23227, Thermo Fisher Scientific) was used to

determine the concentrations of the protein samples, and

the samples were quantified according to different concen-

trations. Thereafter, the proteins were boiled for 10 min at
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95 °C with 10 μL of loading buffer (1610737, Haoran

Biological Technology, Shanghai, China) and then sepa-

rated by sodium dodecyl sulfate polyacrylamide gel elec-

trophoresis (SDS-PAGE) at 100V. After electrophoresis,

the proteins were transferred onto nitrocellulose mem-

branes, which were sequentially blocked by 5% BSA/

TBST for 60 min. Primary rabbit polyclonal antibodies

KLF5 (ab137676, 1:2000, Abcam, Cambridge, USA) and

GAPDH (ab181602, 1:1000, Abcam) were added onto the

membranes for incubation overnight at 4°C, followed by

secondary antibody goat anti-rabbit IgG H&L (ab216773,

1:1500, Abcam) at room temperature for 1 h. The mem-

branes were washed with TBST buffer for 3 times. An

Enhanced Chemiluminescence (ECL) kit (ECL808-25,

Biomiga, USA) was used for the visualization of protein

bands, and the Image Pro Plus 6.0 (Media Cybernetics,

USA) software was applied to analyze the relative protein

levels. The experiment was repeated 3 times

independently.

Dual-Luciferase Reporter Gene Assay
The amplified sequences of the wild type 3ʹ UTR of KLF5

(WT-3ʹUTR) were cloned into the pmirGLO vectors

(Promega Corp., WI, USA) for the construction of lucifer-

ase Wt-KLF5 vectors, and the mutant ones (luciferase

Mut-KLF5) were synthesized by GenScript (Nanjing,

China). miR-145-5p mimic and NC mimic were co-

transfected with Wt-KLF5 or Mut-KLF5 into cells, respec-

tively. After 48 h, Firefly and Renilla luciferase activities

were measured using the Dual-Luciferase Reporter system

(Promega) following the manufacturer’s instructions. The

fluorescence intensity was measured by a luminometer

TD-20/20 (E5311, Promega). The Firefly luciferase

activity was normalized to Renilla luciferase activity for

each sample. The experiment was repeated 3 times

independently.

CCK-8
Cell Counting Kit-8 (CCK-8, Beyotime, Shanghai, China)

was used to assess CC cell proliferation. Cell suspension

were seeded into 96-well plates at a density of 8× 103

cells/well, and maintained in 5% CO2 at 37 °C. At 0, 24,

48, 72 and 96 h, 10 μL of CCK-8 reagent was added into

each well for 4 h of incubation, respectively. Then, the

absorbance values were measured at 450nm. The experi-

ment was repeated in triplicate.

Transwell Invasion Assay
24-well Transwell inserts (BD, Biosciences, MD, USA)

with 8μm in aperture were used to detect cell invasion.

About 2 × 104 cells were added into the upper chambers

that were pre-coated with Matrigel matrix (BD

Bioscience), and RPMI-1640 medium containing 10%

FBS was filled into the lower chambers as an attractant.

After incubation at 37°C for 24 h, the cells that did not

invade to the lower chambers were removed with cotton

swabs, and the invaded cells were fixed and stained with

100% methanol and 0.1% crystal violet. Five fields of the

view were randomly selected for cell count under

a microscope. The experiment was repeated 3 times

independently.

Wound Healing Assay
Wound healing assay was performed for the detection of

cell migration. Cells were inoculated in 6-well plates and

a scrape across the single layer was made with the tip of

a 200μL pipette when the cell confluence reached 80%.

The wells were briefly washed twice to remove the sepa-

rated cells. Then, the cells were grown with fresh med-

iums. The scratch area was photographed with an inverted

microscope after 0 h and 24 h, and the wound healing rate

was calculated using the Image J. The experiment was

repeated 3 times independently.

Statistical Analysis
The SPSS v.24.0 software (IBM Corp., NY, USA) was

applied for statistical analysis, and the GraphPad Prism 6

software (GraphPad Software, Inc., CA, USA) was used

for the completion of graphical demonstrations. All data

were expressed as mean ± standard deviation (SD).

Student’s t test was used for analyzing the comparisons

between two groups, and one-way analysis of variance

(ANOVA) was applied for the comparisons among multi-

ple groups. P<0.05 was considered statistically significant.

Results

miR-145-5p Is Down-Regulated in CC Tissues and

Cells

“edgeR” package was used to identify the DEmiRNAs and

DEmRNAs in the TCGA-CESC dataset. As shown in

Figure 1A, it was found that miR-145-5p was significantly

down-regulated in cancer tissues. Survival analysis

showed that low miR-145-5p was markedly correlated

with prognosis of CC patients (Figure 1B). These results
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suggested that the down-regulation of miR-145-5p could

lead to the tumor progression. Afterwards, miR-145-5p

was further detected in human normal cervical cell line

HcerEpic and human CC cell lines C33A, HT-3 and Hela

by qRT-PCR (Figure 1C). It was found that miR-145-5p

was remarkably decreased in cancer cases relative to the

normal cell line, and the lowest expression was shown in

Hela cells. Therefore, Hela cells were chosen for follow-

up experiments.

KLF5 Is Up-Regulated in CC Tissues and

Cells
In order to further understand the downstream regulatory

mechanism of miR-145-5p in CC, we used miRDB,

miRTarBase and TargetScan databases to predict the target

mRNAs of miR-145-5p. The Venn diagram (Figure 2A)

was made to find the overlapping mRNAs, among which

KLF5 was with the putative binding sites with miR-145-

5p. Subsequently, KLF5 level was determined in the

TCGA-CESC dataset, finding that KLF5 was significantly

up-regulated in tumor tissues compared with normal tis-

sues (Figure 2B). Meanwhile, qRT-PCR was conducted to

test KLF5 in CC cells, and the results showed that KLF5

mRNA was significantly up-regulated in CC cell lines

relative to the normal cell line (Figure 2C).

KLF5 Is a Direct Target of miR-145-5p in

CC
As abovementioned, putative binding sites of miR-145-5p

on KLF5 were predicted using the bioinformatics methods.

Figure 1 miR-145-5p is poorly expressed in CC tissues and cells. (A): Box diagram showed the levels of miR-145-5p in the TCGA-CESC dataset (green: tumor; red:

normal); (B): Kaplan-Meier survival analysis of miR-145 in the TCGA-CESC dataset. The abscissa represents time (years), and the coordinate represents survival rate (red:

high expression; blue: low expression); (C): The relative expression of miR-145-5p in human normal cervical cells and CC cells detected by qRT-PCR. (*P < 0. 05).

Figure 2 KLF5 is highly expressed in CC tissues and cells. (A): Venn diagram showed the overlapping mRNAs among the predictive target genes of miR-145-5p and

DEmRNAs in the TCGA-CESC dataset; (B): Box diagram showed the levels of KLF5 in the TCGA-CESC dataset (green: normal; red: tumor); (C): The mRNA expression of

KLF5 in human normal cervical cells and CC cells assessed by qRT-PCR. (*P < 0. 05).
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To clarify the specific relationship between miR-145-5p

and KLF5, NC mimic and miR-145-5p mimic were trans-

fected into cancer cells. A dual-luciferase reporter assay

was performed for further verification (Figure 3A and B)

and revealed that overexpressing miR-145-5p could sig-

nificantly decrease the luciferase activity of the cells

transfected with Wt-KLF5, while there was no significant

difference observed in the cells with Mut-KLF5. In addi-

tion, the protein level of KLF5 in HeLa cells transfected

with miR-145-5p mimic was also inhibited (Figure 3C).

These results collectively suggested that KLF5 was

a direct target gene of miR-145-5p in CC.

Figure 3 KLF5 is a direct target of miR-145-5p in CC. (A): The predicted binding sites of miR-145-5p on KLF5; (B): Dual-luciferase reporter assay was conducted to verify

the targeted relationship between miR-145-5p and KLF5; (C): The protein levels of KLF5 in different treatment groups. (**P < 0. 01).
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Figure 4 Effects of the miR-145-5p/KLF5 axis on cell proliferation, migration and invasion in CC. (A), (B): qRT-PCR and Western blot were performed for detecting

the transfection efficiency; (C): Cell proliferation assessment by CCK-8; (D), (E): Cell migration and invasion test via wound healing assay and Transwell invasion assay.

(**P < 0. 01).
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Effects of the miR-145-5p/KLF5 Axis on

Hela Cell Proliferation, Migration and

Invasion
In the previous experiments, we verified that miR-145-5p

could targeted regulate the expression of KLF5. In view of

this, we further explored the role of the miR-145-5p/KLF5

regulatory axis in the malignant progression of CC. Hela cells

were divided into three groups for in vitro experiments: NC

mimic + si-NC, miR-145-5p mimic + si-NC and miR-145-5p

mimic + si-KLF5 groups. qRT-PCR and Western blot were

performed to determine the transfection efficiency, and found

that miR-145-5p was significantly increased in the miR-145-

5p mimic + si-NC group relative to the NC mimic + si-NC

group, whereas KLF5 was remarkably decreased in the miR-

145-5p mimic + si-KLF5 group relative to the miR-145-5p

mimic + si-NC group (Figure 4A and B). Subsequently, cell

biological behaviors were assayed. CCK-8, transwell invasion

and wound healing assays suggested that miR-145-5p over-

expression played an inhibitory role in cell proliferation, inva-

sion andmigration abilities, and such effect could be enhanced

when KLF5 was simultaneously silenced (Figure 4C–E).

Taken together, these results indicated that miR-145-5p

could inhibit the proliferation, migration and invasion abilities

of CC cells by down-regulating the expression of KLF5.

Discussion
Although the development of the HPV vaccine has con-

tributed to the reduction of the risk of CC in women, it is

still very important to explore the molecular mechanisms

underlying the malignant progression of CC.23 Several

studies have shown that miR-145 plays an anti-tumor

role in a variety of human cancers.24,25 Sathyanarayanan

et al found that miR-145 was down-regulated in CC, and

the level of miR-145 showed an intimate correlation with

prognosis.16,26 In the present study, miR-145-5p was found

to be markedly decreased in CC tissues through the differ-

ential analysis on the miRNA expression data in the

TCGA-CESC dataset. In addition, survival analysis

showed that patients with high miR-145 had a better prog-

nosis, which is in agreement with the previous studies.17,18

Moreover the expression of miR-145-5p in CC cell lines

was also detected, and similar results were obtained.

At present, the direct target mRNAs of miR-145 in CC

have been reported to be Fascin Actin-Bundling Protein 1

(FSCN1),27 SMAD-interacting protein 1 (SIP1),16 octamer-

binding transcription factor 4 (OTC4)28 and myosin phos-

phatase targeting subunit 1 (MYTP1).29 In other words,

KLF5 has not been studied as a target of miR-145-5p in

CC. Although previous studies have shown that KLF5 is

closely related to the occurrence and development of CC,

the underlying molecular mechanism has not been fully dis-

cussed. Zhang et al reported that miR-152 functioned on CC

by inhibiting KLF5.30 Besides, they found that KLF5 was

highly expressed in CC and the down-regulation of KLF5

could result in the inhibition of cell proliferation and cell

cycle progression but showed no relevance to the cell metas-

tasis. Moreover, Ma et al suggested that KLF5 promoted the

proliferation and invasion of CC cells, which partly

depended on the expression of TNFRSF11a.31 Similarly,

our study confirmed that KLF5 was highly expressed in

CC. Furthermore, the results of in vitro experiments showed

that miR-145-5p could inhibit the proliferation, migration

and invasion of CC cells by down-regulating KLF5, which

has not been reported in previous studies.32,33

To sum up, our study found that overexpressing miR-

145-5p or silencing KLF5 could suppress the malignant

progression of CC, and revealed the targeted relationship

between the two genes for the first time. The discovery of

the miR-145-5p/KLF5 regulatory axis also provides

a theoretical support for mining molecular targets for CC

targeted therapy. However, this study also has some lim-

itations. For example, our research on the potential

mechanism of miR-145-5p in the occurrence and develop-

ment of CC has only focused on the target mRNA of miR-

145-5p, which prompts us to make an in-depth study. In

further study, we will analyze the enriched pathways of

KLF5 in CC and explore the potential molecular mechan-

ism of the miR-145-5p/KLF5-related signaling pathways

underlying the malignant progression of CC.
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