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Abstract. Multidrug resistance (MDR) is a major clinical 
obstacle in the successful treatment of patients with metastatic 
nasopharyngeal carcinoma (NPC). Results from previous 
studies suggest that microRNAs (miRNA) may be involved 
in promoting MDR in multiple cancer types. However, the 
role of miR‑125b in modulating the MDR of NPC is elusive. 
In the present study, miR‑125b expression in cisplatin (DDP) 
‑resistant CNE2 cells (CNE2/DDP) was compared with 
parental counterparts, using reverse transcription‑quanti-
tative polymerase chain reaction. A >3‑fold reduction in 
miR‑125b expression levels was observed in CNE2/DDP 
cells compared with parental CNE2 cells. Ectopic expres-
sion of miR‑125b by transfecting CNE2/DDP cells with 
miR‑125b mimics, increased DDP‑induced cytotoxicity, 
apoptosis and chemosensitivity. By contrast, suppression 
of miR‑125b by transfecting CNE2 cells with miR‑125b 
inhibitors, reduced DDP‑induced cytotoxicity and apoptosis, 
and facilitated cisplatin resistance. The results suggest that 
miR‑125b may regulate the sensitivity of NPC cells to DDP 
by modulating the expression levels of antiapoptotic factor 
B‑cell CLL/lymphoma 2. Collectively, the results of the 
present study highlight miR‑125b as a potential therapeutic 
target for reversing MDR in NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a common head and 
neck malignancy in southern China, with >20,404 associ-
ated cases of mortality reported in 2012 (1‑3). NPC is highly 

metastatic, as evidenced by the observation that 30‑60% of 
patients diagnosed with local‑advanced disease will develop 
distant metastases (4‑6). Despite the majority of patients with 
metastatic NPC typically experiencing a good initial response 
to chemotherapy, frequent recurrences can occur due to the 
development of multidrug resistance (MDR) against chemo-
therapeutic agents (7). As a result, the prognosis for patients 
with metastatic NPC remains poor, with a 3‑year overall 
survival rate of 30‑40% (6,8), which emphasizes the require-
ment for novel therapies that target drug‑resistant NPC.

MicroRNAs (miRNA) are small non‑coding nucleotides 
that regulate the expression of target genes at a post‑transcrip-
tional level. miRNAs reportedly affect tumorigenesis (9) and 
NPC prognosis by functioning as oncogenes (10,11) or tumor 
suppressor genes (12,13). Indeed, the role of miRNAs in MDR 
has recently received considerable attention, as previous 
reports have suggested that miRNAs may regulate tumor cell 
responses to chemotherapy, and the manipulation of miRNAs 
may modulate MDR (14‑16).

There is accumulating interest in understanding the role of 
miR‑125b in cancer. miR‑125b was one of the first miRNAs 
identified, and studies have demonstrated that miR‑125b 
serves a functional role in MDR, tumorigenesis and in the 
prognosis of different cancer types (17‑19). Consistent with 
these reports, the upregulation of miR‑125b in Taxol‑resistant 
cells, inhibited Taxol‑induced cytotoxicity and apoptosis, and 
promoted a subsequent increase in Taxol resistance in breast 
cancer cells  (20). However, the effects of miR‑125b in the 
development of MDR in NPC remain elusive.

The aims of the present study were to characterize 
miR‑125b expression levels in the cisplatin (DDP)‑resistant 
CNE2/DDP human NPC cell line compared with the 
drug‑sensitive parental CNE2 cell line, and to investigate the 
role of miR‑125b in the development of MDR in NPC.

Materials and methods

Cell lines and culture conditions. The human NPC cell 
line CNE2 was provided by Professor MuSheng Zeng (Sun 
Yat‑sen University Cancer Center (Guangzhou, China). CNE2 
cells were cultured in Dulbecco's modified Eagle's medium 
supplemented with 10% fetal calf serum (Gibco; Thermo 
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Fisher Scientific, Inc., Waltham, MA, USA) and maintained in 
a humidified incubator at 37˚C and 5% CO2.

The DDP‑resistant cell line CNE2/DDP was generated 
in our laboratory (Guangzhou, China) by supplementing 
culture medium with increasing concentrations of 
0.5‑10.0 µg/ml DDP (Mayne Pharma, Salisbury South, SA, 
Australia) over the course of 12 months until a significant 
increase in DDP‑resistance was achieved compared with the 
CNE2 parental cell line. CNE2/DDP cells were cultured in 
the presence of DDP (0.5 µg/ml) to maintain the DDP‑resistant 
phenotype, however, cells were cultured in drug‑free medium 
for a minimum of 2 weeks prior to downstream experiments.

miRNA transfection. CNE2 and CNE2/DDP cells were seeded 
in 6‑well plates at a density of 5x105 cells/plate 1 day prior 
to transfection. CNE2 cells were transfected with 100 nM 
miR‑125b inhibitors or control miRNA inhibitors, and 
CNE2/DDP cells were transfected with 10 nM miR‑125b 
mimics or 10 nM control miRNA mimics using HiPerfect 
Transfection Reagent (Qiagen, Inc., Valencia, CA, USA). 
Cells were harvested for downstream, analysis 48 h following 
transfection. miR‑125b mimics, inhibitors and controls were 
purchased from Shanghai GenePharma Co., Ltd., (Shanghai, 
China).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) for analysis of miRNA expression levels. 
Total RNA was isolated from cells using the TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, 
USA) according to the manufacturer's instructions. miRNA 
was purified using a mirVana™ miRNA Isolation kit (Ambion; 
Thermo Fisher Scientific, Inc., Foster City, CA, USA). RNA 
sample concentrations and purities were determined spectro-
scopically. RT‑qPCR was performed using the GoTaq® qPCR 
Master Mix (Promega Corporation, Madison, WI, USA) and 
the MiniOpticon™ Real‑Time PCR detection instrument 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) in addition 
to the SYBR‑Green detection protocol (Invitrogen; Thermo 
Fisher Scientific, Inc.) in accordance with the manufacturer's 
instructions. Sequence‑specific primers for miR‑125b and 
hsa‑U6 small nuclear RNA gene transcripts are listed in Table I. 
All PCR reactions were run in triplicate, and non‑template 
controls were included. miRNA‑125b expression levels in 
CNE2/DDP cells were calculated relative to control CNE2 
cells using the 2‑ΔΔCq method where ΔCq = CqmiRNA‑125b ‑ CqU6, 

and ΔΔCq = ΔCqCNE2/DDP ‑ ΔCqCNE2.

Cell proliferation assay. At 48  h following transfection, 
cells were seeded onto 96‑well plates (2x103 cells/well) and 
allowed to adhere to the culture vessel surface overnight. The 
following day, newly prepared DDP (Mayne Pharma), 5‑fluo-
rouracil (5‑FU) (Shanghai Xudong Haipu Pharmaceutical 
Co., Ltd., Shanghai, China), vincristine (VCR) (Zhejiang 
Hisun Chemical Co., Ltd., Zhejiang, China) and etoposide 
(VP‑16) (Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, 
China) were added at final concentrations of 0.001‑, 0.01‑, 
0.1‑, 1‑, 10‑ and 100‑fold higher than the human peak plasma 
concentrations for each drug. Following 70 h, cell viability 
was assessed using a 3‑(4,5‑dimethyl‑2‑yl)‑5‑(3‑carboxy-
methoxy‑phenyl)‑2‑4‑sulfophenyl)‑2H‑tetrazolium assay 

(Promega Corporation) according to the manufacturer's 
instructions. For each well, the absorbance was read at 490 nm 
using a spectrophotometer. The concentration at which each 
drug produced a 50% inhibition of cell growth (IC50) was esti-
mated by constructing a relative survival curve. Experiments 
were performed in triplicate.

Apoptosis assay. Cells were seeded on 6‑well plates 
(5x105/well), transfected as described previously and exposed 
to DDP (0.8 µg/ml) at 48 h following transfection. Apoptosis 
was then detected using a flow cytometry‑directed annexin 
V‑fluorescein isothiocyanate (FITC)/propidium iodide (PI) 
assay (KayGen Biotechnology, Co., Ltd., Nanjing, China) 
according to the manufacturer's instructions. Apoptotic 
cells were considered to be positive if they were annexin 
V‑FITC‑positive‑PI‑negative. Cells stained with annexin 
V‑FITC or PI alone were used as controls.

Western blot analysis. Transfected cells were harvested and 
homogenized using Cell Lysis Buffer (Abcam, Cambridge, 
MA, USA). Then, 50 µg total protein was separated using 10% 
SDS‑PAGE followed by transfer to nitrocellulose membranes. 
Membranes were blocked using 5% non‑fat dry milk in 
Tris‑buffered saline (TBS) for 1 h at 37˚C and then incubated 
overnight at 4˚C with B‑cell CLL/lymphoma 2 (Bcl‑2; 1:500; 
cat. no. 2872), ATP binding cassette subfamily B member  
1 (MDR1; 1:200; cat. no. 13978) and α‑tubulin (1:1,000; cat. 
no. 2144) primary antibodies purchased from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). The following day, 
membranes were washed three times with 1X TBS‑Tween 20 
(TBST) and probed with horseradish peroxidase‑conjugated 
goat anti‑rabbit IgG antibodies (cat. no.  sc‑2301; 1:2,000; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for 1 h at 
room temperature. Membranes were then washed with 1X 
TBST, and protein bands were visualized using an enhanced 
chemiluminescence assay according to the manufacturer's 
instructions (GE Healthcare Bio‑Sciences, Pittsburgh, PA, 
USA).

Statistical analysis. All experiments were conducted in 
triplicate, and the data are presented as the mean ± standard 
deviation. Differences between means were analyzed using 
the Student's t‑test. All statistical analyses were performed 
using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). All 
statistical tests were two‑sided, and P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑125b is differentially expressed in MDR NPC cell lines. 
In order to investigate whether miR‑125b is involved in the 
MDR of NPC cells, miR‑125b expression levels in the MDR 
NPC cell line (CNE2/DDP) and the parental CNE2 cell line 
were determined using RT‑qPCR analysis. As demonstrated in 
Fig. 1, miR‑125b expression was observed to be significantly 
downregulated (3.04±0.59‑fold, P=0.017) in CNE2/DDP cells 
compared with CNE2 cells.

miR‑125b modulates MDR in NPC cells. To investigate an 
association between miR‑125b and MDR in NPC cells, the 
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expression levels of miR‑125b in CNE2 and CNE2/DDP cells, 
which express relatively high and low levels of miR‑125b 
respectively, were altered, and the effects of specific anticancer 
agents on the MDR phenotype were determined. As shown 
in Fig. 2A, transfection of CNE2/DDP cells with miR‑125b 
mimics significantly increased the chemosensitivity of cells to 
DDP (IC50: 12.16±1.23 vs. 1.62±0.85 µg/ml, P=0.002), 5‑FU 
(IC50: 85.00±8.67 vs. 44.40±6.40 µg/ml, P=0.025), VCR (IC50: 
15.84±2.56 vs. 2.88±1.15 µg/ml, P=0.001) and VP‑16 (IC50: 
53.49±7.43 vs. 19.87±4.67 µg/ml, P=0.017) compared with 
cells transfected with miRNA mimic controls. By contrast, 
suppression of miR‑125b expression in CNE2 cells by trans-
fecting cells with miR‑125b inhibitors, significantly decreased 
the sensitivity of cells to DDP (P=0.011), 5‑FU (P=0.001), VCR 
(P=0.034) and VP‑16 (P=0.010) treatment (Fig. 2B). Together, 
these results suggest that modulation of miR‑125b expression 
affects MDR in NPC cells.

miR‑125b sensitizes CNE2/DDP cells to DDP‑induced 
apoptosis. To investigate the possibility that miR‑125b 

upregulation increases DDP‑induced apoptosis, CNE2/DDP 
cells were transfected with either miR‑125b mimics or miRNA 
mimic controls and treated with 0.8 µg/ml DDP for 24 h. 
Transfection of CNE2/DDP cells with miR‑125b mimics 
significantly increased the percentage of apoptotic cells, as 
determined using annexin‑V staining, compared with cells 
transfected with miRNA mimic controls (P<0.001; Fig. 3A 
and B). Additionally, by transfecting CNE2 cells with an 
miR‑125b inhibitor, repression of endogenous miR‑125b 
significantly inhibited DDP‑induced apoptosis compared 
with cells transfected with control miRNA inhibitors 
(P=0.006; Fig. 3C and D). Together, these results demonstrate 
that miR‑125b serves an important role in modulating DDP 
resistance in NPC cells.

miR‑125b regulates MDR by targeting Bcl‑2 in NPC. A 
previous study demonstrated an association between MDR and 
the upregulation of antiapoptotic proteins, such as Bcl‑2 (21). 
Taking the role of Bcl‑2 in apoptosis and chemoresistance 
into account, the function of miR‑125b in modulating MDR 
through regulating Bcl‑2 expression was investigated in the 
present study. Consistent with this hypothesis, CNE2/DDP 

Figure 2. Modulation of miR‑125b expression alters the sensitivity of nasopha-
ryngeal carcinoma cells to anticancer drugs. (A) CNE2/DDP and (B) CNE2 
cells were transfected with miR‑125b mimics and miR‑125b inhibitors respec-
tively. Following incubation with DDP, 5‑FU, VCR and VP‑16 anticancer agents 
for 70 h, cell viability was assessed using an 3‑(4,5‑dimethyl‑2‑yl)‑5‑(3‑car-
boxymethoxy‑phenyl) ‑2‑ 4 ‑su l fophenyl) ‑2H‑tet razol ium assay, 
and the IC50 was calculated. The data represent the mean  ±  stan-
dard deviation from three independent experiments. *P<0.05 vs. 
CNE2/DDP and CNE2 cells transfected with control miRNA mimics 
and control miRNA inhibitors respectively. miR, microRNA; DDP, 
cisplatin; 5‑FU, 5‑f luorouracil; VCR, vincristine; VP‑16, etoposide;  
IC50, the concentration at which each drug produced a 50% inhibition of cell 
growth.

Table I. Details of primer sequences used to detect miR‑125b 
expression levels by RT‑qPCR.

Primers	 Sequence (5'‑3') 

Has‑miR‑125b‑Reverse	 GTCGTATCCAGTGCAGGGTC
	 CGAGGTATTCGCACTGGATA
	 CGACTCACAA
Has‑miR‑125b‑Forward	 GCTCCCTGAGACCCTAAC
hsa‑U6‑Forward	 CTCGCTTCGGCAGCACA
hsa‑U6‑Reverse	 AACGCTTCACGAATTTGCGT

Figure 1. miR‑125b is differentially expressed in CNE2/DDP and CNE2 
cells. Reverse transcription‑quantitative polymerase chain reaction analysis 
of miR‑125b was performed to investigate the relative expression levels 
of miR‑125b in CNE2 and CNE2/DDP cells. U6 small nuclear RNA 
gene expression levels were used as an endogenous control. Assays were 
performed in triplicate for each RNA sample. The data presented represent 
the fold‑change in miRNA expression levels observed in CNE2/DDP cells 
relative to the CNE2 cells (mean ± standard deviation). *P<0.05 vs controls. 
miR, microRNA; DDP, cisplatin.
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cells were found to display a marked increase in MDR1 and 
Bcl‑2 expression levels compared with CNE2 cells (Fig. 4A). 
Furthermore, CNE2/DDP cells transfected with miR‑125b 
mimics, notably inhibited Bcl‑2 and MDR1 protein expression 
levels compared with cells transfected with control miRNA 
mimics (Fig.  4B). Consistent with these findings, CNE2 
cells transfected with miR‑125b inhibitors exhibited notably 
increased Bcl‑2 expression levels (Fig. 4B). Together, these 
results demonstrate that miR‑125b regulates NPC resistance 
to DDP, in part, by targeting Bcl‑2 protein expression levels.

Discussion

In the present study, the role of miR‑125b in the development of 
MDR in NPC cells was investigated. Using RT‑qPCR analysis, 
miR‑125b was demonstrated to be significantly downregulated 
in MDR CNE2/DDP cells compared with chemosensitive 
CNE2 counterparts. Transfection of CNE2/DDP cells with 
miR‑125b mimics was also observed to increase apoptosis and 
the chemosensitivity of cells, in part, through downregulating 
Bcl‑2 and MDR1 protein expression levels. These results 
suggest that miR‑125b may represent a novel therapeutic target 
to resensitize MDR NPCs to chemotherapy.

MDR is a major obstacle in the treatment of cancer patients 
with chemotherapy and is often associated with an increased 
efflux of drugs due to some proteins such as P‑glycoprotein 
(P‑gp) and multidrug resistance‑associated protein 1 (MRP1), 
which belong to the ATP‑binding cassette transporters (22). 
The involvement of P‑gp and MRP1 in MDR is due to their 

overexpression in resistant tumor cells. In particular, P‑gp 
functions as a ʻprotein scavenger ,̓ which is able to ʻcaptureʼ 

Figure 3. Modulation of miR‑125b expression affects DDP‑induced apoptosis in nasopharyngeal carcinoma cells. Apoptosis was detected using flow cytometry 
using an annexin V‑fluorescein isothiocyanate/propidium iodide assay. (A and B) Percentage of apoptotic CNE2/DDP cells following transfection with 
miR‑125b and treatment with 0.8 µg/ml DDP for 24 h. (C and D) Percentage of apoptotic CNE2 cells following transfection with miR‑125b inhibitors. The 
results represent the mean ± standard deviation from three independent experiments. *P<0.05 vs. CNE2/DDP and CNE2 cells transfected with control miRNA 
mimics and control miRNA inhibitors respectively. miR, microRNA; DDP, cisplatin.

Figure 4. Bcl‑2 is a target of miR‑125b. (A) Western blot analysis of Bcl‑2 
and MDR1 protein expression levels in CNE2 and CNE2/DDP cells. 
(B) Western blot analysis of Bcl2 and MDR1 protein expression levels in 
CNE2 and CNE2/DDP cells transfected with miRNA inhibitors and miRNA 
mimics respectively. α‑tubulin was used as a loading control. Bcl‑2, B‑cell 
CLL/lymphoma 2; miR, microRNA; MDR1, ATP binding cassette subfamily 
B member 1; DDP, cisplatin.
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drugs and transport them out of cells (23). The putative role 
of miRNAs in human cancers has become a focus of current 
research, with specific reports indicating an association 
between miRNAs and MDR development  (24). miR‑125b 
is a member of the miR‑125b family, which is located on 
chromosomes 11q24.1 (miR‑125b‑1) and 21q21 (miR‑125b‑2). 
miR‑125b upregulation has been reported in certain cancer 
types including colorectal (25), non‑small‑cell lung (26) and 
head and neck cancers (27). However, a tumor suppressive 
role of miR‑125b has also been reported in specific tumor 
types that display reduced miR‑125b expression levels (28,29). 
Notably, previous studies have observed altered (increased 
and decreased) miR‑125b expression levels in various 
drug‑resistant cancer cells. Chen  et  al  (30) demonstrated 
that miR‑125b was upregulated in temozolomide‑resistant 
glioblastoma stem cells, and miR‑125b inhibition resulted in 
a significant increase in temozolomide‑induced cytotoxicity, 
apoptosis and enhanced temozolomide sensitivity. By contrast, 
doxorubicin‑resistant MCF‑7 (MCF‑7/DR) cells reportedly 
exhibit significantly lower levels of miR‑125b expression 
compared with parental MCF‑7 cells (31), which is consistent 
with the results observed in the present study demonstrating 
that miR‑125b was significantly downregulated in CNE2/DDP 
cells compared with CNE2 cells.

Despite the reported association between miR‑125b and poor 
prognosis (23,24), few reports have investigated the specific role 
of miR‑125b in the regulation of drug resistance. For example, 
miR‑125b overexpression in breast cancer correlates with an 
increase in tumor stem cell properties, such as chemoresistance, 
whereas knockdown of miR‑125b is associated with a decrease 
in tumor stem cell‑like populations (32). In OV2008 ovarian 
cancer cells, miRNA‑125b upregulation has been observed to 
suppress DDP‑induced cytotoxicity and apoptosis, and increase 
DDP resistance (33). In the present study, the role of miR‑125b 
in regulating the drug resistance of CNE2/DDP cells was evalu-
ated. miRNA‑125b upregulation was observed to promote a 
significant increase in cell cytotoxicity and apoptosis. This is 
consistent with the findings presented by Xie et al (31) demon-
strating that transfection of miR‑125b significantly increases the 
cytotoxicity of doxorubicin in MCF‑7/DR cells. Collectively, 
these results suggest that miR‑125b serves a functional role in 
modulating chemotherapy resistance in cancer cells.

The mitochondrial pathway of apoptosis reportedly serves an 
important role in chemotherapy‑induced apoptosis, and Bcl‑2 is 
recognized as a critical regulator of this pathway (34). Results of 
the present study demonstrated that transfection of CNE2/DDP 
cells with miR‑125b mimics increased DDP‑induced apoptosis. 
To elucidate the mechanisms by which miR‑125b modulates 
MDR in NPC cells, the role of miR‑125b in regulating Bcl‑2 
protein expression levels was then investigated. The results 
suggest that miR‑125b modulates the susceptibility of NPC 
cells to DDP‑induced apoptosis by regulating Bcl‑2 and MDR1 
expression directly, which provides an explanation for the 
observed differences in the sensitivity of NPC cells to VCR, 
5‑FU, VP‑16 and DDP chemotherapeutic agents.

The primary focus of the present study was MDR, which is 
a frequent occurrence in patients with cancer that are treated 
with chemotherapy, and represents an obstacle to successful 
treatment. Therefore, the targeting of MDR‑promoting 
miRNAs, such as miR‑125b, may represent an improved 

treatment strategy for patients with cancer compared with 
therapeutic agents that target a single protein. However, it is 
important to note that the results of the present study were 
limited to an in  vitro setting, which lacks important cues 
from the in vivo tumor microenvironment and should not be 
considered as an accurate representation of clinical tumors. 
Therefore, future studies that aim to assess the functional role 
of miRNA‑125b in NPC MDR should be conducted using 
in vivo methods and in a clinical setting.

In summary, the present study investigated the role of 
miRNAs in the development of MDR in NPC cells. miR‑125b 
was observed to modulate the sensitivity of NPC cells to specific 
anticancer agents by regulating Bcl‑2 expression. Together, 
these results provide a novel insight into the mechanisms of 
MDR in NPC, and provide a rationale for the development of 
clinical strategies to manipulate miRNA expression to reverse 
MDR in human cancer.
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