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Abstract. Gastric cancer (GC) is one of the most common 
types of malignant cancer worldwide, however improve-
ments are required to the current therapies for GC. Although 
paclitaxel is one of the most promising chemotherapeutic 
agents in clinical use for GC, the resistance to paclitaxel 
that develops during treatment is a major obstacle to further 
treatments of GC. The present study reports that micro 
(mi) RNA‑34a, a tumor suppressor in various types of cancer, 
may be an important regulator of chemoresistance in GC, 
as miRNA‑34a mimics and inhibitors, enhance and inhibit 
the chemotherapeutic efficacy of paclitaxel, respectively. In 
addition, the present study identified that E2F transcription 
factor 5 (E2F5), a key oncogenic protein, is the direct target 
candidate of miRNA‑34a. Previous studies have demonstrated 
that the inhibition of E2F5 by specific E2F5 small interfering 
RNA also increases the sensitivity of GC cells to paclitaxel. In 
conclusion, the present data suggest that miRNA‑34a enhances 
the treatment of sensitive GC cells to paclitaxel by targeting 
E2F5. Therefore, the miRNA‑34a/E2F5 axis appears to be 
a potential promising therapeutic target for overcoming the 
chemotherapeutic resistance of GC.

Introduction

Gastric cancer (GC) is one of the most common types of 
malignant cancer worldwide due to its high rates of morbidity 
and mortality (1). However, an effective treatment method for 
patients with GC is lacking, and improvements to the clinical 
outcome remains a challenge. Therefore, additional inves-
tigations into the underlying molecular mechanisms for the 
development and progression of GC, and the development of 
effective treatments for patients with GC is essential.

Paclitaxel is a commonly used first‑line chemotherapeutic 
drug for treatment of numerous types of cancer including 
breast (2), lung (3), colon (4), gastric (5) and cervical cancer (6) 
by regulating tubulin polymerization, inhibiting cell cycle 
progression and promoting apoptosis. However, cancer cells 
appear to be insensitive to paclitaxel following long‑term treat-
ment due to the acquisition of chemotherapeutic resistance (7). 
Thus, the inhibition of cancer chemoresistance to paclitaxel 
may significantly improve paclitaxel chemotherapy for various 
cancers.

microRNAs (miRNAs) are a group of small noncoding 
RNAs that negatively regulate target genes via either trans-
lational repression or mRNA degradation (8). An increasing 
number of studies have suggested that miRNAs perform a 
crucial role in regulating cancer cells by acting as oncogenes 
or tumor suppressers (9‑11). Therefore, miRNAs may serve as 
potential biomarkers and targets for the diagnosis and treatment 
of various types of cancer (12). miRNA‑34a is an important 
regulator of tumor suppression, and acts by controlling cellular 
proliferation, cellular differentiation and the survival of cancer 
cells (13). A previous study demonstrated that the expression 
of miRNA‑34a in GC was markedly downregulated, and that 
miRNA‑34a was able to significantly inhibit epidermal growth 
factor receptor (EGFR)‑signaling‑dependent matrix metallopro-
teinase‑7 (MMP‑7) activation, which suggested that miRNA‑34a 
may serve as a tumor suppresser to inhibit the cellular prolifera-
tion, migration and invasion of GC cells (14). However, the role 
of miRNA‑34a in GC remains poorly understood.

To investigate whether miRNA‑34a may enhance the 
anticancer effect of paclitaxel on GC, the present study 
treated human GC cancer cells with miRNA‑34a combined 
with paclitaxel. The results suggested that the introduction of 
miRNA‑34a mimics and the miRNA‑34a inhibitor into GC 
cells is able to enhance and decrease the chemotherapeutic 
efficacy of paclitaxel, respectively. Additional studies identi-
fied that E2F transcription factor 5 (E2F5) was a potential 
target of miRNA‑34a. The results of the present study may 
increase the understanding of miRNA‑34a in GC and facilitate 
the development of potential chemotherapeutic against GC.

Materials and methods

Cell culture. Human gastric cancer MKN45 and BGC823 cell 
lines were purchased from the Type Culture Collection of the 
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Chinese Academy of Sciences (Shanghai, China). Cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) containing 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.) and antibiotics (100 U ml‑1 penicillin 
and 100 µg ml‑1 streptomycin), and maintained at 37˚C in a 
humidified cell incubator with 5% CO2 and 95% air. Paclitaxel 
(Sigma‑Aldrich, Merck KGaA, Darmstadt, Germany) was 
dissolved prior to use at concentration of 0.1 mM in DMEM, 
stored at 4˚C, and further diluted in DMEM to obtain each 
final concentration.

Cell transfection. 100 nM of miRNA‑34a mimic, miRNA‑34a 
inhibitor or negative control (NC) miRNA‑scrambled 
(SCR; Genepharma, Inc., Guangzhou, Guangdong, China), 
E2F5‑specific siRNA or negative control (NC) siRNA 
(Shanghai Shengong Biological Engineering Technology & 
Services, Ltd., Shanghai, China) or 2 µg of pmirGLO‑E2F5 
or pmirGLO‑MutE2F5 reporter constructs were transfected 
into MKN45 or BGC823 cells at 70% confluence using 
LipofectamineTM 2000 (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The siRNA sequences 
were as follows: NC siRNA, CATGTCATGTGTCACATCTC; 
E2F5‑siRNA, CAGGACCTATCCATGTGCTGCTTAT. The 
miRNA sequences were not provided by the suppliers, in order 
to protect commercial secrets.

3'‑untranslated region (UTR) luciferase reporter assay. 
Potential target genes for miRNA‑34a were identified using 
TargetScan (http://www.targetscan.org) software, and E2F 
transcription factor 5 protein (E2F5) was identified as a target 
candidate of interest.

The genomic DNA of MKN45 cells was isolated using 
a QIAamp UCP DNA Micro Kit (Qiagen, Inc., Valencia, 
CA, USA). The 3'‑UTR sequence of the human E2F5 gene 
containing the miRNA‑34a binding site was generated 
by polymerase chain reaction (PCR) with LA Taq DNA 
polymerase (Takara, Dalian, China) using a Eppendorf 
Mastercycler nexus Thermal Cycler (Eppendorf, Hamburg, 
Germany) with conditions as follows: Initial denaturation at 
95˚C for 5 min, followed by 33 cycles of 60 sec at 95˚C for 
denaturing, 30 sec at 60˚C for annealing and 60 sec at 72˚C for 
extension, then a final extension at 72˚C for 10 min. PCR was 
performed with the following primers: E2F5 UTR forward, 
CGG​CTA​GCT​TCT​GGA​TTT​CAA​CTT​TTC​TTC; E2F5 UTR 
reverse, GCG​TCG​ACG​GAA​AGT​GGA​ATG​TCA​GAA​GTC 
(Shanghai Shengong Biological Engineering Technology & 
Services, Ltd.). The 3'‑UTR was subsequently cloned into the 
pmirGLO‑report vector (Promega Corporation, Madison, WI, 
USA), which was denoted as pmirGLO‑E2F5.

The mutated (Mut) E2F5 3'‑UTR miRNA‑34a binding sites 
oligonucleotide was generated by deletion mutagenesis with 
overlapping extension PCR. Initially, two parallel PCRs were 
conducted with pmirGLO‑E2F5 as the template: One reac-
tion was performed with the previously described E2F5 UTR 
forward primer and a Mut E2F5 UTR reverse primer with the 
sequence, ACT​TTA​CAA​GTG​AAC​GTC​TGT; the other PCR 
was performed with a Mut forward miRNA‑34a binding site 
primer with the sequence AACAGACGTTCCACTTGTAA 
and the previously described E2F5 UTR reverse primer 

(Shanghai Shengong Biological Engineering Technology & 
Services, Ltd.). A total of 10 µl equimolar mixture of the two 
PCR products was used as a template with the E2F5 UTR 
forward and reverse primers to obtain a Mut 3'‑UTR of E2F5 
oligonucleotide. The Mut 3'‑UTR oligonucleotide was subse-
quently cloned into the pmirGLO‑report vector, designated 
as pmirGLO‑MutE2F5. All constructs were sequenced by 
Shanghai Shengong Biological Engineering Technology & 
Services, Ltd.

For the luciferase reporter assay, 3x105 MKN45 or BGC823 
GC cells were seeded in each well of 24‑well plates and 
co‑transfected with the pmirGLO‑E2F5 or pmirGLO‑MutE2F5 
reporter constructs, and miRNA‑34a mimics, miRNA‑34a 
inhibitors or miRNA‑SCR, using Lipofectamine 2000™ 
(Thermo Fisher Scientific, Inc.). Luciferase activities were 
determined using a Dual‑Luciferase® Reporter assay system 
(Promega Corporation). Data were normalized and presented 
as the firefly/Renilla luciferase ratio.

Western blot analysis. Following transfection for 24 h, cells 
were lysed using cell lysis buffer (2% SDS, 6 M urea, 200 mM 
ammonium bicarbonate, 0.1% protease inhibitor cocktail). 
Subsequent to the quantification of cell lysate protein concen-
tration with a Bicinchoninic Acid Protein Assay kit (Pierce; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol, 30  µg of cell lysate in each lane was separated 
with 10% SDS‑PAGE and transferred onto nitrocellulose 
membranes (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). 
The membranes were blocked with skimmed dried milk in 
PBS buffer for 1 h at room temperature, and immunoblotted 
using primary antibodies against E2F5 (dilution, 1:1,000; cat 
no. sc‑1082; Santa Cruz Biotechnology, Inc.) or β‑actin (dilu-
tion, 1:5,000; cat. no. A3854; Sigma‑Aldrich; Merck KGaA) 
at 4˚C overnight. Membranes were then incubated with the 
horseradish peroxidase‑conjugated secondary antibody (dilu-
tion, 1:2,000; cat no. M21002; Abmart, Shanghai, China) at 
room temperature for 1  h. Immunolabeling was detected 
using 100 ml Luminata Forte Western HRP substrate (EMD 
Millipore, Billerica, MA, USA), followed by exposure to film. 
The relative intensity of the bands was quantified using ImageJ 
software version 1.41 (NIH, Bethesda, MD, USA).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from MKN28 and BGC823 cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. Reverse transcrip-
tion was performed to produce complementary (c) DNA with 
1 µg RNA incubated with the specific primers and reaction 
buffer of the Superscript system (Invitrogen; Thermo Fisher 
Scientific, Inc.) at 16˚C for 25 min, 42˚C for 30 min and 85˚C 
for 5 min. PCR primers for miRNA‑34a and U6 RNA were 
purchased from GeneCopoeia, Inc. (Guangzhou, China). The 
following PCR primers were used in qPCR: E2F5 forward, 
5'‑CCT​GTTC​CCC​CAC​CTG​ATG‑3' and reverse, 5'‑TTT​CTG​
TGG​AGT​CAC​TGG​AGT​CA‑3'; and β‑actin forward, 5'‑CTG​
GAA​CGG​TGA​AGG​TGA​CA‑3' and reverse, 5'‑AAG​GGA​
CTT​CCT​GTA​ACA​ATG​CA‑3'. Primers were synthetized 
by Shanghai ShengGong Biology Engineering Technology 
Service, Ltd. (Shanghai, China). miRNA‑34a expression 
was determined using Hairpin‑it TM miRNAs qPCR kit 
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(Shanghai GenePharma Co., Ltd., Shanghai, China). U6 RNA 
was used as an endogenous control. The mRNA levels of 
E2F5 and β‑actin were detected using the SYBR green PCR 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
qPCR was performed on an ABI‑7500 PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Quantitative PCR 
thermocycling conditions were: 95˚C for 10 min initially, 
followed by 35 cycles of 95˚C for 15 sec, and 60˚C for 45 sec. 
Data were analyzed using the 2‑ΔΔCq method, as previously 
described (15).

MTT assay. MKN45 and BGC823 cells were plated in 96‑well 
plates at a density of 5x103 cells/well and cultured at 37˚C 
for 18 h. Following transfection with miR‑SCR or miR‑34a 
inhibitor for 24 h, followed by treatment with 100 nM pacli-
taxel for another 16 h, cellular viability was determined using 
the MTT assay. Following this treatment for 16 h, 5 µg/ml of 
MTT (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
was added into each well, and incubated at 37˚C for 2 h. 
The supernatant was then removed, and 100 µl DMSO was 
added into each well to dissolve the formazan product. The 
optical density at wavelength of 570 nm was determined using 
the ELx808 absorbance reader (BioTek Instruments, Inc., 
Winooski, VT, USA).

5‑Bromo‑2‑deoxyUridine (BrdU) assay. The BrdU incorpora-
tion assay kit (Roche Applied Science, Penzberg, Germany) 
was used for analyzing the incorporation of BrdU during DNA 
synthesis in proliferating cells, according to the manufacturer's 
protocol. A total of 2x103 MKN28 cells were cultured for 24 or 
48 h, followed by incubation at 37˚C for 1 h with 10 µM BrdU 
(BD Pharmingen, San Diego, CA, USA). The absorbance 
values were measured at a wavelength of 450 nm with the 
ELx808 plate reader.

Statistical analysis. Each experiment at least was performed 
3 times. Data are presented as the mean ± standard deviation. 
SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA) was used 
to conduct statistical analyses. Multiple comparisons were 
analyzed using one‑way analysis of variance followed by 
Tukey‑Kramer post hoc analysis to test for differences between 
all groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miRNA‑34a mimics enhance the chemotherapeutic efficacy 
of paclitaxel. As miRNA‑34a is able to prevent metastasis in 
GC (14), it was hypothesized that miRNA‑34a may enhance 
the efficacy of paclitaxel for the treatment of GC. MTT and 
BrdU assays were used to detect the cellular proliferation of 
GC cells, including MKN28 and BGC823 cells, which were 
transfected with miRNA‑34a mimics or scrambled miRNA 
for 24 h, followed by treatment with paclitaxel for another 
16 h. qPCR demonstrated that transfection with miRNA‑34a 
mimics resulted in a significant increase (P<0.01) of 
miRNA‑34a in MKN28 and BGC823 cells compared with the 
cells transfected with the scrambled miRNA (Fig. 1A). The 
results of MTT assays demonstrated that the growth rate of 
GC cells transfected with miRNA‑34a mimics was decreased 

compared with the cell transfected with the scrambled miRNA, 
and the growth rate of GC co‑treated with miRNA‑34a and 
paclitaxel was significantly decreased (P<0.05) compared with 
the cell transfected with miRNA‑34a mimics alone (Fig. 1B). 
In addition, the BrdU assays also demonstrated similar results, 
as co‑treatment with miRNA‑34a and paclitaxel led to slower 
growth rate of GC compared with miRNA‑34a mimics 
(Fig.  1C). These results demonstrated that transfection of 
miRNA‑34a into GC enhances the inhibition of proliferation 
of GC cells by paclitaxel.

miRNA‑34a inhibitors decrease the chemotherapeutic effi‑
cacy of paclitaxel. The present study also determined whether 
endogenous miRNA‑34a inhibition by specific miRNA‑34a 
inhibitors would decrease the chemotherapeutic efficacy of 
paclitaxel. The specific miRNA‑34a inhibitors or scrambled 
miRNA‑34a were transfected into GC cells for 24 h, and 
followed by treatment with paclitaxel for another 16 h. As 
expected, the introduction of miRNA‑34a inhibitors signifi-
cantly reduced the expression of miRNA‑34a in MKN28 and 
BGC823 cells (Fig. 2A). The results of MTT and BrdU assays 
demonstrated that treatment with paclitaxel and miR‑SCR 
resulted in a significant inhibition (P<0.05) of growth rate of 
GC cells compared with miR‑SCR alone, and transfection 
miRNA‑34a significantly attenuated the inhibitive effect of 
paclitaxel on the growth rate of GC cells (Fig. 2B and C). 
Therefore, these results indicate that miRNA‑34a is involved 
in the chemotherapeutic efficacy of paclitaxel.

E2F5 is a direct target of miRNA‑34a. TargetScan was 
used to identify the potential targets of miRNA‑34a. As 
demonstrated in Fig. 3A, E2F transcription factor 5 protein 
(E2F5) was identified as an interesting candidate, as E2F5 
has previously been observed as overexpressed in various 
types of cancer, including breast (16), epithelial ovarian (17), 
prostate cancer (18) and hepatocellular carcinoma (19), and is 
involved in cellular proliferation, cell growth and cell cycle 
progression. To investigate whether miRNA‑34a is capable 
of regulating E2F5 expression in GC cells, qPCR was used. 
The present results demonstrated that transfection of scramble 
miRNA into GC MKN28 and BGC823 cells had no observed 
effect on E2F5 mRNA. However, miRNA‑34a mimics signifi-
cantly inhibited E2F5 mRNA, but miRNA‑34a inhibitors 
significantly upregulated E2F5 mRNA (Fig. 3B). Additionally, 
western blot analysis also identified similar results as transfec-
tion of miRNA‑34a mimics and miRNA‑34a inhibitors into 
MKN28 cells could significantly repress and increase E2F5 
protein levels, respectively (Fig. 3C).

To additionally investigate whether miRNA‑34a negatively 
regulates E2F5 gene in GC by directly binding to the specific 
miRNA‑34a binding site in the 3'UTR of E2F5 gene, two lucif-
erase reporter recombinant vectors that contain either wild‑type 
(Wt) 3'UTR of E2F5 gene (pmirGLO‑E2F5) or a Mut E2F5 
with mutated miRNA‑34a binding sites (pmirGLO‑MutE2F5) 
were constructed. The luciferase reporter assays in MKN28 
cells demonstrated that miRNA‑34a mimics and inhibitors 
significantly decreased and increased the luciferase activity 
of Wt E2F5 reporter (pmirGLO‑E2F5), respectively. However, 
miRNA‑34a and inhibitors had no effect on the luciferase 
activity of E2F5 Mut reporter (pmirGLO‑MutE2F5) (Fig. 3D). 
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Overall, these results suggested that E2F5 is a direct target of 
miRNA‑34a in GC cells.

E2F5 gene knockdown enhance the chemotherapeutic efficacy 
of paclitaxel. The above results demonstrated that miRNA‑34a 
is able to increase the chemotherapeutic efficacy of paclitaxel, 
and that E2F5 is directly targeted by miRNA‑34a. The present 
study therefore then investigated whether E2F5 knockdown by 
specific E2F5 small interfering (si) RNA can also enhance the 
chemotherapeutic efficacy of paclitaxel. Western blot analysis 
demonstrated that E2F5 siRNA but not NC siRNA overexpres-
sion decreased E2F5 protein level (Fig. 4A). MTT and BrdU 
assays demonstrated that E2F5 knockdown by specific siRNA 
is capable of significantly increasing the sensitivity of pacli-
taxel compared with NC siRNA, and that E2F5 overexpression 
results in a significant attenuation of the chemotherapeutic 
efficacy of paclitaxel (Fig. 4B and C). Therefore, E2F5 is also 
an important gene that involved in the chemotherapeutic resis-
tance of paclitaxel, and E2F5 gene knockdown sensitized the 
GC to paclitaxel‑induced proliferation inhibition.

Discussion

In the present study, the effect of miRNA‑34a on the 
chemotherapeutic efficacy of paclitaxel was investigated. It 
was observed that miRNA‑34a significantly enhanced the 
inhibitory role of paclitaxel in the proliferation of GC cells. 
In addition, the present study identified that miRNA‑34a was 
able to directly target the E2F5 gene, which was demonstrated 
to be involved in the chemotherapeutic resistance of paclitaxel.

An increasing number of studies have suggested that 
miRNAs are a class of small highly conserved molecules that 
perform a crucial role in the regulation of multiple cellular 
events including cellular proliferation, differentiation, develop-
ment and apoptosis (8,20,21). Dysregulation and dysfunction 
of miRNAs leads to the initiation and development of cancers, 
indicating that miRNAs are important molecules that can poten-
tially be used for the diagnosis and treatment of cancers (22). 
miRNA‑34a has previously been identified to be frequently 
aberrantly expressed in human cancer, and involved in the 
regulation of cancer cells as a tumor suppressor (13). A previous 

Figure 2. Overexpression of miR‑34a inhibitors in GC attenuated the inhibitory effect of paclitaxel on cellular proliferation. (A) Quantitative polymerase chain 
reaction was used to detect miR‑34a expression levels in MKN28 and BGC823 cells transfected with either miR‑34a inhibitors or miR‑SCR (negative control). 
(B) MTT assays were used to determine the cell viability in MKN28 and BGC823 cells transfected with miR‑SCR or miR‑34a inhibitors for 24 h, followed 
by treatment of paclitaxel (100 nM) for another 16 h. (C) BrdU incorporations were used to detect the cellular proliferation in MKN28 and BGC823 cells 
transfected with miR‑SCR or miR‑34a inhibitors for 24 h, followed by treatment of paclitaxel (100 nM) for another 16 h. *P<0.05 vs. miR‑SCR transfected 
MKN28 cells; #P<0.05 vs. miR‑SCR+paclitaxel treated BGC823 cells; **P<0.01 vs. miR‑SCR transfected cells. miR, microRNA; GC, gastric cancer; SCR, 
scrambled; BrdU, 5‑Bromo‑2‑deoxyUridine; Pax, paclitaxel; OD, optical density.

Figure 1. Overexpression of miR‑34a in GC enhanced the inhibitory effect of paclitaxel on cellular proliferation. (A) Quantitative polymerase chain reaction 
was used to detect miR‑34a expression levels in MKN28 and BGC823 cells transfected with either miR‑34a mimics or miR‑SCR (negative control). (B) MTT 
assays were used to determine the cell viability in MKN28 and BGC823 cells transfected with miR‑SCR or miR‑34a for 24 h, followed by treatment of pacli-
taxel (100 nM) for another 16 h. (C) BrdU incorporations were used to detect the cellular proliferation in MKN28 and BGC823 cells transfected with miR‑SCR 
or miR‑34a for 24 h, followed by treatment of paclitaxel (100 nM) for another 16 h. *P<0.05 vs. miR‑SCR transfected MKN28 cells; #P<0.05 vs. miR‑SCR 
transfected BGC823 cells; **P<0.01 vs. miR‑SCR transfected cells. miR, microRNA; GC, gastric cancer; SCR, scrambled; BrdU, 5‑Bromo‑2‑deoxyUridine; 
Pax, paclitaxel; OD, optical density.
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Figure 3. E2F5 is directly targeted by miR‑34a. (A) TargetScan software was used to predict the potential miR‑34a binding site in the 3'UTR of E2F5. 
(B) Quantitative polymerase chain reaction was used to determine E2F5 mRNA levels in MKN28 and BGC823 cells transfected with miR‑SCR or miR‑34a 
mimics or miR‑34a inhibitors. (C) Representative western blot analysis and quantitative analysis demonstrated that E2F5 protein levels were decreased and 
increased by miR‑34a mimics and miR‑34a inhibitors, respectively. β‑actin was used as the control. (D) Dual‑luciferase assays were used to detect the lucif-
erase activity in MKN28 cells transfected with pmirGLO‑E2F5 or pmirGLO‑MutE2F5 in the presence of miR‑SCR or miR‑34a mimics or miR‑34a inhibitors. 
*P<0.05 vs. miR‑SCR transfected MKN28 cells; #P<0.05 vs. miR‑SCR transfected BGC823 cells. **P<0.05 vs. miR‑SCR+pmirGLO‑E2F5 transfected MKN28 
cells; ##P<0.05 compared with pmirGLO‑E2F5 group. miR, microRNA; UTR, untranslated region; SCR, scrambled; Mut, mutant.

Figure 4. E2F5 knockdown by specific siRNA in GC enhanced the inhibitory effect of paclitaxel on cellular proliferation. (A) Western blot analysis was used to 
detect E2F5 protein levels in MKN28 cells transfected with NC siRNA or E2F5 siRNA. β‑actin was used as the control (B) MTT assays were used to determine 
the cellular viability in MKN28 and BGC823 cells transfected with NC siRNA or E2F5 siRNA for 24 h, followed by treatment of paclitaxel (100 nM) for another 
16 h. (C) BrdU incorporation was used to detect the cellular proliferation in MKN28 and BGC823 cells transfected with miR‑SCR or miR‑34a for 24 h, followed by 
treatment of paclitaxel (100 nM) for another 16 h. *P<0.05, **P<0.01 vs. NC siRNA transfected MKN28 cells; #P<0.05, ##P<0.01 vs. NC siRNA transfected BGC823 
cells. si, small interfering; GC, gastric cancer; NC, negative control; BrdU, 5‑Bromo‑2‑deoxyUridine; SCR, scrambled; Pax, paclitaxel; OD, optical density.
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study identified that miRNA‑34a was significantly downregu-
lated in gastric cancer cells, and that miRNA‑34a suppressed 
EGFR‑dependent MMP‑7 activation (14). Additionally, another 
study demonstrated that miRNA‑34a was able to regulate 
the proliferation, invasion and migration of GC cells by 
targeting survivin (23), an important anti‑apoptotic gene (24). 
Consistent with these studies, the present results identified 
that miRNA‑34a was able to inhibit the growth rate of GC 
compared with scrambled miRNA. A recent study suggested 
that miRNA‑34a‑5p can enhance chemotherapeutic sensitivity 
to cisplatin in hepatocellular carcinoma MHCC‑97 L cells (25). 
However, whether miRNA‑34a enhances the chemotherapeutic  
efficacy of paclitaxel remains unknown. The present study iden-
tified that miRNA‑34a transfection could significantly enhance 
the inhibitory effect of paclitaxel on the cellular proliferation of 
GC, suggesting a potential role of miRNA‑34a in treatment of 
GC combined with paclitaxel. However, the present study did 
not confirm whether miRNA‑34a is capable of enhancing the 
role of paclitaxel in the inhibition of migration and invasion of 
GC cells. Therefore, future investigation is warranted.

The present results demonstrated that miRNA‑34a was 
able to negatively regulate E2F5 by binding to the conserved 
miRNA‑34a binding site in the 3'UTR of E2F5. The transcrip-
tion factor E2F performs a central role in cell growth and 
proliferation by controlling cell cycle (26), which suggests that 
E2F5 may also be involved in cellular proliferation and cell 
cycle progression as an important member of the E2F family. 
Previous data has reported that E2F5 was overexpressed in 
various types of human cancer including breast, epithelial 
ovarian and prostate cancer and hepatocellular carcinoma, 
and closely associated with cancer progression and prog-
nosis  (16‑19). However, the role of E2F5 in GC remained 
unclear. The present study identified that E2F5 knockdown by 
specific siRNA exerted a significant inhibitory effect on the 
growth rate of GC cells, indicating that E2F5 may serve as a 
key oncogene in GC. Importantly, E2F5 knockdown combined 
with paclitaxel exhibited an increased inhibitory profile 
compared with treatment with E2F5 siRNA or paclitaxel 
alone, which may provide a more promising chemotherapeutic 
strategy for GC. Therefore, E2F5 may be an important target 
for treatment of GC. However, whether E2F5 is also implicated 
in cell migration, invasion and apoptosis in GC is unclear, and 
requires additional investigation.

In conclusion, the present study demonstrated the role of 
miRNA‑34a and its target E2F5 in the chemotherapeutic sensi-
tive of paclitaxel, which will not only aid future elucidation of 
function of miRNA‑34a/E2F5 axis in various cancers, but also 
assist in the development of a promising chemotherapeutic 
strategy for the treatment of GC.
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