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Background: In this study, we intended to understand the regulatory mechanisms of microRNA-

125a-5p (miR-125a-5p) in human cervical carcinoma.

Methods: The gene expressions of miR-125a-5p in seven cervical carcinoma cell lines and 

12 human cervical carcinoma samples were evaluated by quantitative real-time reverse tran-

scription polymerase chain reaction. Ca-Ski and HeLa cells were transduced with lentivirus 

carrying miR-125a-5p mimics, and the effects of lentivirus-induced miR-125a-5p upregulation 

on cervical carcinoma proliferation and migration were examined by 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide and transwell assays, respectively. In additional, HeLa 

cells were inoculated into null mice to evaluate the effect of miR-125a-5p upregulation on 

in vivo cervical carcinoma growth. The direct regulation of miR-125a-5p on its target gene, 

ABL proto-oncogene 2 (ABL2), in cervical carcinoma was evaluated by quantitative real-time 

reverse transcription polymerase chain reaction, Western blotting and luciferase reporter assays, 

respectively. ABL2 was then downregulated by small interfering RNA to examine its effect on 

cervical carcinoma proliferation and migration.

Results: miR-125a-5p was downregulated in both cervical carcinoma cell lines and 

human  cervical carcinomas. In Ca-Ski and HeLa cells, lentivirus-mediated miR-125a-5p 

upregulation inhibited cancer proliferation and migration in vitro and cervical carcinoma 

transplantation in vivo. ABL2 was shown to be directly targeted by miR-125a-5p. In cervical 

carcinoma, ABL2 gene and protein levels were both downregulated by miR-125a-5p. Small 

interfering RNA-mediated ABL2 downregulation also had tumor-suppressive effects on cervical 

carcinoma proliferation and migration.

Conclusion: The molecular pathway of miR-125a-5p/ABL2 plays an important role in human 

cervical carcinoma. Targeting miR-125a-5p/ABL2 pathway may provide a new treatment 

strategy for patients with cervical carcinoma.
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Introduction
Cervical carcinoma is one of the most common malignant cancers in women. In the 

USA alone, there are approximate 13,000 cases of newly diagnosed cervical carcinomas 

and 4,000 cases of cervical carcinoma related deaths every year.1 In the developing 

countries, such as People’s Republic of China, the incident rates of cervical carcinoma 

are much higher than the rates in the USA or other developed countries.2–4 In addition, 

women in developing countries who were diagnosed with cervical carcinoma were 

very likely in advanced stages already with poor survival rates.4,5 Therefore, it is criti-

cal to better understand the molecular mechanisms of cervical carcinoma and develop 

efficient methods for early diagnosis, vaccination, and treatment.
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MicroRNA (miRNAs) are families of 18–22 pair 

noncoding RNAs that induce gene or protein degradation 

through the binding on 3′-untranslated regions (3′-UTR) 

of their target genes.6 In human cervical carcinoma, studies 

have shown that miRNAs could act as either oncogenic 

or tumor-suppressive factors to widely regulate cervical 

carcinoma proliferation, migration, or apoptosis.7–9 For 

example, miR-21 is an oncogene in cervical carcinoma 

inducing cancer proliferation by suppressing programmed 

cell death 4 gene.10 On the other hand, miR-34c is a tumor-

suppressive gene, inhibiting cervical carcinoma migration 

by downregulating Notch1 and Jagged1.11 Among many of 

the carcinoma-associated miRNAs, miR-125 family, includ-

ing miR-125a-3p, miR-125a-5p, and miR-125b, is a group 

of homologous miRNAs that are highly conserved across 

various species and play critical roles in cancer regulation.12  

In lung cancer, miR-125a-5p is de-regulated in carcinoma 

tissue and its upregulation promoted cancer migration.13 In 

human hepatocellular carcinoma, miR-125a-5p is shown 

to suppress cancer development through the regulation of 

SIRT7.14 In verrucous carcinoma of the head and neck, miR-

125a-5p was found to be downregulated in cancer tissues.15 

In cervical carcinoma, it was shown that miR-125b was 

downregulated and inversely correlated with HPV production, 

suggesting a possible tumor-suppressive role of miR-125b.16 

However, the expression and function of other miR-125 fam-

ily members, including miR-125a-5p, are still unknown.

ABL proto-oncogene 2 (ABL2) is an oncogene that pro-

motes carcinoma proliferation and invasion in various can-

cers, such as breast cancer,17 prostate cancer,18 or pancreatic 

cancer.19 Though ABL2 is expressed in human cervical car-

cinomas, its exact molecular mechanisms remain elusive.

In the present study, we investigated the expression pat-

tern and molecular functions of miR-125a-5p in human cer-

vical carcinoma. We also examined the possible association 

of miR-125a-5p and ABL2 in regulating cervical carcinoma 

proliferation and migration. The results in this study may 

help develop new therapeutic targets for treating patients 

with cervical carcinoma.

Materials and methods
Cervical carcinoma cell lines and human 
carcinoma samples
Seven human cervical carcinoma cell lines, HeLa, SiHa, 

Ca-Ski, C-33-A, DoTc24510, HT-3, and C-4I, as well as two 

primary non-carcinoma human cervix epithelial cell lines, 

GH329 and Ect1/E6E7, were purchased from the American 

Type Culture Collection (Shanghai, People’s Republic of 

China). All cells were maintained in Dulbecco’s Modified 

Eagle’s Medium (DMEM, Thermo Fisher Scientific, 

Waltham, MA, USA), supplemented with 10% fetal bovine 

serum (FBS) (Thermo Fisher Scientific) and 1% antibiotic–

antimycotic solution (Thermo Fisher Scientific) in a humidi-

fied incubator with 5% CO
2
 at 37°C. Human cervical tissues, 

including carcinoma as well as adjacent non-carcinoma 

tissues, were surgically retrieved from 12 patients in the 

Department of Obstetrics and Gynecology at the Third 

Xiangya Hospital, Changsha, People’s Republic of China, 

between September 2014 and June 2015. Consent forms 

were signed by all participating patients. Clinical procedures 

for human tissue processing were approved by the Ethics 

Committee at the Third Xiangya Hospital of Central South 

University in Changshai, People’s Republic of China.

RNA extraction and qRT-PCR
Quantitative real-time reverse transcription polymerase chain 

reaction (qRT-PCR) was used to evaluate the expression 

levels of miR-125a-5p and ABL2. Total RNA was extracted 

from the cervical carcinoma cells or human samples using 

a TRIZOL reagent (Thermo Fisher Scientific) according to 

the manufacturer’s protocols. Reverse transcription was con-

ducted using a TaqMan Reverse Transcription Kit (Thermo 

Fisher Scientific) according to the manufacturer’s protocols. 

qRT-PCR was conducted on an ABI PRISM® 7000 Sequence 

Detection System (Thermo Fisher Scientific) according to 

the manufacturer’s protocol. To detect miR-125a-5p gene 

expression level, a TaqMan miRNA qRT-PCR assay was used 

(Thermo Fisher Scientific) with U6 transcript as an internal 

control. To detect ABL2 mRNA expression level, a SYBR 

Green PCR Master Mix kit (Thermo Fisher Scientific) was 

used with GAPDH as an internal control. The relative gene 

expression level was calculated using the (2-ΔΔCT) method and 

normalized to control.

Lentiviral transduction assay
To evaluate the functional effect of miR-125a-5p in cervical 

carcinoma, lentivirus-mediated miRNA upregulation was used 

in Ca-Ski and HeLa cells. Lentivirus of human miR-125a- 

5p mimics (miR-125-mimic) as well as its negative control 

miRNA lentivirus (miR-C) was commercially obtained 

from SunBio (SunBio Medical Biotechnology, Guangzhou, 

People’s Republic of China). Lentiviral transduction was 

conducted by mixing 5 μL Lipofectamine 2000 reagent 

(Thermo Fisher Scientific) with 200 μL transduction medium 

containing 100 pmol lentiviruses for 6 hours according to the 

manufacturer’s protocol. After being replenished with fresh 

culture medium, qRT-PCR and other experiments were then 

conducted in 24 hours.
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Proliferation assay
To evaluate the proliferation capability of cervical carci-

noma, a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium bromide (MTT) assay (Thermo Fisher Scientific) 

was performed in Ca-Ski and HeLa cells according to the 

manufacturer’s protocol. Briefly, Ca-Ski and HeLa cells were 

maintained in 96-well plates (5×103 cells/well). From 1 day to 

5 days after lentiviral transduction, 200 μL MTT solution (5 

mg/mL) was added in the culture for 4 hours. Culture medium 

was then aspirated and formazan crystals were dissolved in 

dimethyl sulfoxide (DMSO, Sigma-Aldrich Co., St Louis, 

MO, USA). The proliferation rate was measured as optical 

density at an absorbance of 450 nm, and then normalized to 

the optical density of untreated control.

Migration assay
To evaluate the migration capability of cervical carcinoma, a 

Transwell assay (Becton Dickinson, San Diego, CA, USA) 

was used according to the manufacturer’s protocol. Briefly, 

the upper chamber was coated with 100 μL Matrigel (Thermo 

Fisher Scientific) at 37°C for 30 minutes. After that, lentivirus-

transduced Ca-Ski and HeLa cells were resuspended and plated 

in the upper chamber in 200 μL DMEM without FBS. In the 

lower chamber, 500 μL DMEM +10% FBS was added to act 

as chemoattractant. After 24 hours, the upper chamber and 

non-migrated cells were removed, and the lower chamber was 

fixed with ethanol and stained with crystal violet. The transwell 

was then placed on an Olympus IX-70 inverted microscope 

fluorescent microscope (Olympus Corporation, Tokyo, Japan). 

Relative migration capability was measured as the number 

of migrated cells for each experimental condition, and then 

normalized to control.

In vivo transplantation assay
To evaluate the in vivo tumor growth capability of cervical 

carcinoma, a tumor transplantation assay was conducted. 

Briefly, 24 hours after lentivirus transduction, a million healthy 

HeLa cells were subcutaneously inoculated into the left flank 

of female nude mice (8-week old). The growth of tumor 

transplantation was evaluated weekly using an equation of 

length × width2/2. Five weeks after in vivo inoculation, mice 

were killed and tumors were harvested for Ki-67 immunostain-

ing (Santa Cruz Biotechnology Inc., Dallas, TX, USA).

Western blot
Total protein was extracted using a cell lysis buffer (Promega 

Corporation, Fitchburg, WI, USA). Protein (50 μg) of each 

sample was then diluted in 10% of SDS-PAGE gel and trans-

ferred to nitrocellulose membranes (Bio-Rad Laboratories Inc., 

Hercules, CA, USA). The membranes were then incubated 

with primary antibodies of ABL2 and beta-actin (1:200, Sigma- 

Aldrich) at 4°C overnight, followed by HRP-conjugated 

secondary antibodies (1:1,000 dilution) at RT for 1 hour. The 

blots were incubated with enhanced chemiluminescence sub-

strate (Amersham Pharmacia Biotechnology, Princeton, NJ, 

USA) for 5 minutes, and then visualized using an enhanced 

chemiluminescence film system (Amersham) according to the 

manufacturer’s protocol.

Luciferase assay
Human 3′-UTR of ABL2 was cloned into the pMir-Report 

vector (Ambion, Austin, TX, USA) to generate a wild-type 

luciferase reporter vector (ABL2 WT 3′-UTR). The miR-125-

a-5p binding sequences on ABL2 3′-UTR were mutated using 

a Site-Directed Mutagenesis Kit (SBS Genetech, Beijing, 

People’s Republic of China), and verified by sequencing. 

It was also cloned into pMir-Report vector to generate a 

mutated luciferase reporter vector (ABL2 Mu 3′-UTR). An 

empty luciferase reporter vector (vector) was used as the 

control. HEK293T cells were transiently co-transfected with 

miR-125-mimic and 3 μg luciferase reporter vectors using 

Lipofectamine 2000 for 48  hours. The relative luciferase 

activities were evaluated by a dual-luciferase reporter assay 

(Promega) according to the manufacturer’s protocol.

siRNA transfection assay
The small interfering RNA (siRNA) targeting human ABL2 

(siRNA-ABL2) and its negative control siRNA (siRNA-C) 

were commercially obtained from SunBio. Ca-Ski and HeLa 

cells were plated in 96-well plates (5×103 cells/well) and 

transfected with siRNAs (50 nM) using Lipofectamine 2000 

(Thermo Fisher Scientific) for 12 hours. After that, the culture 

medium was replenished and cells were continuously cultured 

for 24 hours before the commencement of other experiments.

Statistical analyses
The data in the present study were presented as mean ± 

standard error. To evaluate the statistical significance 

between compared data, Student’s t-test was conducted 

using GraphPad Prism6 software (Graphpad Software, Inc., 

La Jolla, CA, USA). A P-value of 0.05 was considered 

significant. All experiments were performed in triplicates.

Results
miR-125a-5p is downregulated in cervical 
carcinoma
The gene expression of miR-125a-5p was examined by qRT-

PCR in both cervical carcinoma cell lines and the human 
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cervical carcinoma. In cell lines, we found that the gene 

expression levels of miR-125a-5p in seven cervical carci-

noma cells, HeLa, SiHa, Ca-Ski, C-33-A, DoTc24510, HT-3, 

and C-4I, were significantly lower than the gene expression 

levels of miR-125a-5p in two non-carcinoma human cervix 

epithelial cell lines, GH329 and Ect1/E6E7 cells (Figure 1A, 

*P0.05). With qRT-PCR analysis on paired cervical tissues 

from 12 patients, we found that, in each patient, miR-125a-5p 

was significantly downregulated in carcinoma tissue than its 

adjacent non-carcinoma tissue (Figure 1B, *P0.05).

miR-125a-5p overexpression inhibits 
cervical carcinoma proliferation and 
migration in vitro
To identify the functional mechanisms of miR-125a-5p in cervi-

cal carcinoma, we transduced two cervical carcinoma cell lines, 

Ca-Ski and HeLa cells, with lentivirus expressing miR-125-

mimic. In the control, Ca-Ski and HeLa cells were transduced 

with a lentivirus expressing negative control miRNA (miR-C). 

One day after transduction, efficiency of lentiviral transduction 

was confirmed by qRT-PCR (Figure 2A, *P0.05). Then, 

we used an MTT assay to evaluate the effect of miR-125a-5p 

overexpression on cancer proliferation. We found that in 

miR-125a-5p overexpressed Ca-Ski and HeLa cells, cancer 

proliferation was significantly slowed 3–5 days after lentiviral 

transduction (Figure 2B and C, *P0.05). We also examined 

the effect of miR-125a-5p overexpression on cervical carcinoma 

migration since metastasis is one of the signature character-

istics in cervical cancer. Using a transwell assay, we found 

that, in miR-125a-5p overexpressed Ca-Ski and HeLa cells, 

significantly less migrated cancer cells were seen in the lower 

chambers (Figure 2D and E, left panel). Quantitative analysis 

confirmed that miR-125a-5p overexpression reduced the migra-

tion capabilities by 66% in Ca-Ski cells and 79% in HeLa cells, 

respectively (Figure 2D and E, right panel, *P0.05).

miR-125a-5p overexpression inhibits 
cervical carcinoma growth in vivo
Next, we investigated whether miR-125a-5p would also 

have tumor-suppressive effect on in vivo carcinoma growth. 

Figure 1 Expression of miR-125a-5p in cervical carcinoma.
Notes: (A) The gene expression levels of miR-125a-5p in seven cervical carcinoma cells, HeLa, SiHa, Ca-Ski, C-33-A, DoTc24510, HT-3, and C-4I, were measured by 
qRT-PCR and compared with the gene expression level of miR-125a-5p in two non-carcinoma human cervix epithelial cell lines, GH329 and Ect1/E6E7 cells (*P,0.05). (B) In 
human cervical carcinomas, the gene expression level of miR-125a-5p was compared with carcinoma and adjacent non-carcinoma tissues in 12 samples (*P,0.05).
Abbreviation: qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction.
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Figure 2 miR-125a-5p overexpression reduced in vitro proliferation and migration in cervical carcinoma.
Notes: Ca-Ski and HeLa cells were transduced with lentivirus miR-125-mimic to overexpress miR-125a-5p for 6 hours. The control cells were transduced with a negative 
control miRNA lentivirus (miR-C) for 6 hours. (A) Twenty-four hours after lentiviral transduction, gene expressions of miR-125a-5p in Ca-Ski and HeLa cells were examined 
by qRT-PCR, *P0.05. (B and C) Twenty-four hours after lentiviral transduction, an MTT assay was performed for 5 days to compare cervical carcinoma proliferation 
between miR-125a-5p overexpressed cells and control cells; (B): Ca-Ski, (C): HeLa, *P,0.05. (D and E) Twenty-four hours after lentiviral transduction, a transwell assay was 
performed. The representative crystal violet images were shown for miR-125a-5p overexpressed cells and control cells (left panel). The migration capabilities were evaluated 
by calculating the average migrated cells in 96-well plates and normalized to control (right panel); (D): Ca-Ski, (E): HeLa, *P,0.05.
Abbreviations: qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Twenty-four hours after lentiviral transduction, HeLa cells 

were re-suspended and 1 million healthy cells were sub-

cutaneously inoculated into null mice. For 5 weeks, the 

length and width of the in vivo tumor were measured and 

the total volumes were calculated. We found that the in vivo 

growth of cervical carcinoma was markedly reduced while 

miR-125a-5p was overexpressed (Figure  3A, *P0.05). 

In addition, we extracted the tumors and performed Ki-67 

staining on paraffin-embedded sections. We found that the 

expression level of Ki-67 was also significantly reduced in 

tumors with miR-125a-5p overexpression (Figure 3B).

ABL2 is regulated by miR-125a-5p 
overexpression in cervical carcinoma
As we demonstrated miR-125a-5p is generally down-

regulated in cervical carcinoma and its upregulation had 
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tumor-suppressive effects on cancer proliferation and 

migration, we wondered whether miR-125a-5p may regulate 

cervical carcinoma by negatively associating oncogene in cer-

vical cancer. Through literature search, we noticed that ABL2 

was an oncogene in human cancer.17,18 While ABL2 is reported 

to be expressed in cervical tissue,20 its functional mechanisms 

in cervical development or pathology are unknown. Therefore, 

to elaborate the molecular pathway associated with miR-125a- 

5p in human cervical carcinoma, we used qRT-PCR and 

Western blotting to probe the possible downstream target of 

miR-125a-5p, ABL2. We found that ABL2 was significantly 

downregulated in both Ca-Ski and HeLa cells while miR-

125a-5p was overexpressed (Figure 4A and B, *P0.05).  

In addition, Western blotting analysis showed that the protein 

levels of ABL2 were also markedly reduced in Ca-Ski or HeLa 

cells while miR-125a-5p was overexpressed (Figure 4C and D, 

*P0.05). Next, we utilized online bioinformatics websites to 

verify whether ABL2 was the downstream molecular target of 

miR-125a-5p. We searched TargetScan (www.targetscan.org) 

and miRANDA (www.microRNA.org) and found that ABL2 

was very possibly the downstream target of miR-125a-5p 

(Figure 4E). Furthermore, we performed a luciferase reporter 

assay and found that miR-125a-5p was indeed directly target-

ing ABL2 gene (Figure 4F, *P0.05).

ABL2 downregulation inhibits cervical 
carcinoma proliferation and migration 
in vitro
Finally, to investigate whether downregulating ABL2 

would also have similar tumor-suppressing functions as 

miR-125a-5p upregulation in human cervical carcinoma, 

we used ABL2-specific siRNA, siRNA-ABL2, to geneti-

cally knock down endogenous ABL2 gene expressions in 

Ca-Ski and HeLa cells. The control cells were transfected 

with a negative control siRNA, siRNA-C. One day after 

transfection, the gene expression levels of ABL2 in Ca-Ski 

and HeLa cells were examined by qRT-PCR. It showed that 

siRNA-ABL2 significantly downregulated ABL2 mRNAs 

in Ca-Ski and HeLa cells (Figure 5A, *P0.05). Next, we 

used an MTT assay to evaluate the effect of ABL2 down-

regulation on cervical carcinoma proliferation. We found 

that in ABL2 downregulated Ca-Ski and HeLa cells, cancer 

proliferation was significantly inhibited 3–5 days after len-

tiviral transduction, similar to the effect of miR-125a-5p 

upregulation (Figure 5B and C, *P0.05). We then exam-

ined cancer migration through a transwell assay. We found 

that in ABL2 downregulated Ca-Ski and HeLa cells, the 

migrated cancer cells were significantly reduced in the lower 

chambers (Figure 5D and E, left panel), and the migration 

capabilities were reduced by 59% in Ca-Ski cells and 75% in 

HeLa cells (Figure 5D and E, right panel, *P0.05). Thus, 

our data confirmed that ABL2 downregulation had similar 

tumor-suppressive effects as miR-125a-5p upregulation on 

cervical carcinoma proliferation and migration.

Discussion
In the present study, we examined the expression pattern 

and molecular regulations of miR-125a-5p in human cer-

vical carcinoma. We found that miR-125a-5p was down-

regulated in cervical carcinoma cell lines as compared to 

Figure 3 miR-125a-5p overexpression reduced in vivo growth of cervical carcinoma.
Notes: HeLa cells were transduced with lentivirus of miR-125-mimic to overexpress miR-125a-5p for 6 hours. The control cells were transduced with a negative control 
miRNA lentivirus (miR-C) for 6 hours. Twenty-four hours after transduction, cells were re-suspended and 1 million healthy cells were then subcutaneously transplanted into 
the left side of 8-week-old female null mice. (A) The weekly in vivo carcinoma growth was measured by the equation of length × width2/2 (*P,0.05). (B) Five weeks after in 
vivo transplantation, mice were sacrificed and tumors were extracted for Ki-67 immunostaining.
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non-carcinoma human cervix epithelial cell lines. We also 

found miR-125a-5p was downregulated in human cervi-

cal carcinomas as compared to adjacent non-carcinoma 

cervical tissues. These results suggest that miR-125a-5p is 

acting as a tumor suppressor in human cervical carcinoma. 

We then utilized several functional assays to assess the 

effects of overexpressing miR-125a-5p in human cervical 

carcinoma cell lines, Ca-Ski and HeLa cells. We found 

that lentivirus-induced miR-125a-5p upregulation inhibited 

in vitro cancer proliferation and migration in Ca-Ski and 

HeLa cells and reduced in vivo growth of HeLa transplan-

tation, thus confirming the tumor-suppressive effect of 

Figure 4 miR-125a-5p regulates ABL2 in cervical carcinoma.
Notes: Ca-Ski and HeLa cells were transduced with lentivirus miR-125-mimic to overexpress miR-125a-5p for 6 hours. The control cells were transduced with a negative 
control miRNA lentivirus (miR-C) for 6 hours. Twenty-four hours after lentiviral transduction, the gene expression levels of ABL2 were examined by qRT-PCR in Ca-Ski 
(A) and HeLa (B) (*P,0.05). The protein expression levels of ABL2 were examined by Western blotting in Ca-Ski (C) and HeLa (D). The targeting search result was shown 
for the binding between miR-125a-5p and ABL2 3′-UTR. A mutated ABL2 3′-UTR with nullified miR-125a-5p binding site was also created (E). HEK293T cells were co-
transfected with miR-125-mimic, an empty luciferase vector (vector), a luciferase vector inserted with 3′-UTR of wild-type ABL2 (ABL2 WT 3′-UTR), or a luciferase vector 
inserted with mutated ABL2 3′-UTR (ABL2 Mu 3′-UTR). Forty-eight hours after co-transfection, a dual-luciferase reporter assay was performed. The luciferase activities were 
measured for all three luciferase vectors and then normalized to the luciferase activity of vector (*P,0.05) (F).
Abbreviations: qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; ABL2, ABL proto-oncogene 2; 3′-UTR, 3′-untranslated regions.
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miR-125a-5p in human cervical carcinoma. It was reported 

that miR-125a-5p was downregulated in non-small-cell lung 

cancer and inversely correlated with lung cancer invasion and 

migration.13 It was also shown that miR-125a-5p was associ-

ated with p53 activity and regulated by SIRT7 to suppress the 

growth human hepatocellular carcinoma.14 Thus, along with 

the evidence from our study, it seems like miR-125a-5p is 

predominantly acting as a tumor suppressor in various types 

of human carcinomas.

ABL2 was found to be an oncogene in breast and 

prostate cancer.17,18 However, there has been no direct 

evidence regarding the association of miR-125a-5p and 

ABL2 in regulating human carcinoma. In the present 

study, we attempted to explore the possible regulation 

of miR-125a-5p on ABL2 in human cervical carcinoma. 

We found that ABL2 was directly downregulated, at both 

gene and protein levels, by miR-125a-5p upregulation in 

Ca-Ski and HeLa cells. Most importantly, we discovered 

that siRNA-mediated ABL2 downregulation had similar 

tumor-suppressive effects as miR-125a-5p upregulation on 

cervical carcinoma proliferation and migration. Therefore, 

our results strongly suggest that the feedback loop of miR-

125a-5p and ABL2 may be playing an important role in 

regulating human cervical carcinoma.

Figure 5 ABL2 downregulation reduced in vitro proliferation and migration in cervical carcinoma.
Notes: Ca-Ski and HeLa cells were transfected with siRNA-ABL2 or siRNA-C for 12 hours. (A) Twenty-four hours after siRNA transfection, gene expressions of ABL2 in 
Ca-Ski and HeLa cells were examined by qRT-PCR, *P,0.05. (B and C) Twenty-four hours after siRNA transfection, an MTT assay was performed for 5 days to compare 
cervical carcinoma proliferation between ABL2 downregulated cells and control cells; (B): Ca-Ski, (C): HeLa, *P,0.05. (D and E) Twenty-four hours after siRNA transfection, 
a transwell assay was performed. The representative crystal violet images were shown for ABL2 downregulated cells and control cells (left panel). The migration capabilities 
were evaluated by calculating the average migrated cells in 96-well plates and normalized to control (right panel); (D): Ca-Ski, (E): HeLa, *P,0.05.
Abbreviations: ABL2, ABL proto-oncogene 2; qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; siRNA, small interfering RNA; MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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miR-125a-5p modulates cervical cancer

Conclusion
We present new evidence showing that miR-125a-5p is down-

regulated in human cervical carcinoma and miR-125a-5p is 

acting as a tumor suppressor by inhibiting cancer proliferation 

and migration. We also showed a novel regulatory mecha-

nism of miR-125a-5p on ABL2 in cervical carcinoma. The 

results of our study may help to broaden the knowledge of 

miRNA regulation in cervical carcinoma and develop novel 

targeted therapy for cervical cancer patients.

Disclosure
The authors report no conflicts of interest in this work.

References
1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J  

Clin. 2015;65(1):5–29.
2.	 Reeler A, Qiao Y, Dare L, Li J, Zhang AL, Saba J. Women’s cancers 

in developing countries: from research to an integrated health systems 
approach. Asian Pac J Cancer Prev. 2009;10(3):519–526.

3.	 Kanavos P. The rising burden of cancer in the developing world. Ann 
Oncol. 2006;17(Suppl 8):viii15–viii23.

4.	 Sharma V, Kerr SH, Kawar Z, Kerr DJ. Challenges of cancer control 
in developing countries: current status and future perspective. Future 
Oncol. 2011;7(10):1213–1222.

5.	 Denny L. Cervical cancer: prevention and treatment. Discov Med. 2012; 
14(75):125–131.

6.	 Miska EA. How microRNAs control cell division, differentiation and 
death. Curr Opin Genet Dev. 2005;15(5):563–568.

7.	 Banno K, Iida M, Yanokura M, et al. MicroRNA in cervical cancer: 
OncomiRs and tumor suppressor miRs in diagnosis and treatment. 
ScientificWorldJournal. 2014;2014:178075.

8.	 Hu X, Schwarz JK, Lewis JS Jr, et al. A microRNA expression signature 
for cervical cancer prognosis. Cancer Res. 2010;70(4):1441–1448.

	 9.	 Wang X, Tang S, Le SY, et al. Aberrant expression of oncogenic and 
tumor-suppressive microRNAs in cervical cancer is required for cancer 
cell growth. PloS One. 2008;3(7):e2557.

	10.	 Yao Q, Xu H, Zhang QQ, Zhou H, Qu LH. MicroRNA-21 promotes cell 
proliferation and down-regulates the expression of programmed cell 
death 4 (PDCD4) in HeLa cervical carcinoma cells. Biochem Biophys 
Res Commun. 2009;388(3):539–542.

	11.	 Pang RT, Leung CO, Ye TM, et al. MicroRNA-34a suppresses invasion 
through downregulation of notch1 and jagged1 in cervical carcinoma 
and choriocarcinoma cells. Carcinogenesis. 2010;31(6):1037–1044.

	12.	 Sun YM, Lin KY, Chen YQ. Diverse functions of miR-125 family in 
different cell contexts. J Hematol Oncol. 2013;6:6.

	13.	 Jiang L, Huang Q, Zhang S, et al. Hsa-miR-125a-3p and hsa-miR-125a- 
5p are downregulated in non-small cell lung cancer and have inverse 
effects on invasion and migration of lung cancer cells. BMC Cancer. 2010; 
10:318.

	14.	 Kim JK, Noh JH, Jung KH, et al. Sirtuin7 oncogenic potential in human 
hepatocellular carcinoma and its regulation by the tumor suppressors 
MiR-125a-5p and MiR-125b. Hepatology. 2013;57(3):1055–1067.

	15.	 Odar K, Bostjancic E, Gale N, Glavac D, Zidar N. Differential expres-
sion of microRNAs miR-21, miR-31, miR-203, miR-125a-5p and 
miR-125b and proteins PTEN and p63 in verrucous carcinoma of the 
head and neck. Histopathology. 2012;61(2):257–265.

	16.	 Nuovo GJ, Wu X, Volinia S, et al. Strong inverse correlation between 
microRNA-125b and human papillomavirus DNA in productive infec-
tion. Diagn Mol Pathol. 2010;19(3):135–143.

	17.	 Gil-Henn H, Patsialou A, Wang Y, Warren MS, Condeelis JS, 
Koleske AJ. Arg/Abl2 promotes invasion and attenuates proliferation 
of breast cancer in vivo. Oncogene. 2013;32(21):2622–2630.

	18.	 Qiang XF, Zhang ZW, Liu Q, et al. miR-20a promotes prostate cancer 
invasion and migration through targeting ABL2. J Cell Biochem. 2014; 
115(7):1269–1276.

	19.	 Kusumawidjaja G, Kayed H, Giese N, et al. Basic transcription factor 3 
(BTF3) regulates transcription of tumor-associated genes in pancreatic 
cancer cells. Cancer Biol Ther. 2007;6(3):367–376.

	20.	 Muller E, Brault B, Holmes A, et al. Genetic profiles of cervical tumors 
by high-throughput sequencing for personalized medical care. Cancer 
Med. Epub 2015 Jul 8.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/drug-design-development-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


