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Abstract: Resistance to chemotherapy is one of the key causal factors in cancer death and increasing evidence has 
revealed that microRNAs (miRNAs) are involved in chemoresistance in many kinds of human cancers. Paclitaxel has 
been used for treatment of advanced nasopharyngeal carcinoma (NPC); however, treatment failure often occurs 
due to development of acquired paclitaxel resistance. In this study, based on miRNA microarray screening and qRT-
PCR validation, we found six differentially expressed miRNAs in our induced paclitaxel-resistant NPC CNE-1/Taxol 
cells. Furthermore, we clarified the role of miR-634, most significantly downregulated in the paclitaxel-resistant 
CNE-1/Taxol, in regulating the paclitaxel sensitivity in NPC cells. We restored miR-634 expression in the CNE-1/
Taxol cells by lentivirus infection, and found restoration of miR-634 re-sensitized the CNE-1/Taxol cells to paclitaxel 
in vitro by MTT assay and colony formation assay. In xenograft mouse model, we found that miR-634 inhibited tumor 
growth and enhanced paclitaxel sensitivity. Thus, our findings provide important information for the development of 
targeted gene therapy for reversing paclitaxel resistance in NPC.
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Introduction

Epstein-Barr virus etiologically associated 
nasopharyngeal carcinoma (NPC) is endemic in 
Southern China and Southeast Asia with an 
annual incidence of up to 20 cases per 100,000 
[1]. Thus, NPC is a highly prevalent malignant 
disease and a leading cause of death in these 
regions. Paclitaxel based chemotherapy is an 
extremely important therapeutic strategy in 
many types of human cancers [2, 3], including 
advanced NPC [4-7]. However, in the clinical 
therapy, patients initially benefit from paclitaxel 
therapy, often develop acquired drug resis-
tance leading to treatment failure. Thus, it is 
important to understand the underlying molec-
ular mechanisms responsible for the develop-
ment of paclitaxel resistance.

MicroRNAs (miRNAs) are a class of small non-
coding regulatory RNAs that negatively regulate 
gene expression at the post-transcriptional 
level, and have been shown to play critical roles 
in a variety of pathological processes, including 
cancer pathogenesis [8, 9]. More importantly, 
increasing evidence linked microRNAs to che-
moresistance in human cancers. For example, 
upregulation of in miR-146a, miR-10a and miR-
221/222 and decreased levels of the miR-200 
family are associated with acquired resistance 
of MCF-7 breast cancer cells to cisplatin [10]. 
The expression levels of miR-200 and let-7 were 
significantly downregulated in gemcitabine-
resistant pancreatic cancer cells [11]. Con- 
sidering that miRNAs regulating drug sensitivity 
are varied in different kinds of cancer and dif-
ferent anticancer agents, the identification of 
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the role of specific miRNAs modulating a spe-
cific anticancer drug in a specific cancer has a 
clinical significance.

In the current study, we first performed miRNA 
microarray analysis to screen differentially 
expressed miRNAs in our induced paclitaxel-
resistant NPC CNE-1/Taxol cells. Then, we clari-
fied the role of miR-634, most significantly 
downregulated in the paclitaxel-resistant CNE- 
1/Taxol, in regulating the paclitaxel sensitivity 
in NPC cells.

Materials and methods

Cell line and culture

The human nasopharyngeal carcinoma CNE-1 
cell line was obtained from Cancer Research 
Institute of Central South University. Cells were 
cultured in RPMI-1640 medium (Gibco, 
Carlsbad, CA, USA) supplemented with 10% 
fetal bovine serum and 100 U/ml penicillin/
streptomycin (Life Technologies, USA) in a 
humidified incubator at 37°C with 5% CO2.

MiRNA microarray analysis

Previously, we established paclitaxol-resistant 
CNE-1/Taxol cell sublines with a resistance 
index of 8.43 by treating the parental CNE-1 
cells with increasing doses of paclitaxol for 
about five months. In this study, the parental 
CNE-1 cells (n = 3, Q1, Q3, Q5) and correspond-
ing established paclitaxel-resistant CNE-1/
Taxol cells (n = 3, N2, N4, N6) were sent to 
KangChen Bio-tech company (Shanghai, China) 
for miRNA isolation, quality control, chip hybrid-
ization, and microarray data analysis. In 
KangChen Bio-tech company, the samples 
were labeled using the miRCURY™ Hy3™/Hy5™ 
Power labeling kit and hybridized on the miR-
CURY™ LNA Array (version 18.0). Following the 
washing steps, the slides were scanned by the 
Agilent Scanner G2505C and scanned images 
were then imported into GenePix Pro 6.0 soft-
ware (Axon) for grid alignment and data extrac-
tion. Replicated miRNAs were averaged and 
miRNAs with more than 50 intensities in all 
samples were chosen for calculating normaliza-
tion factor. Expressed data were normalized 
using the median normalization. After normal-
ization, significant differentially expressed miR-
NAs were identified through Volcano Plot 
filtering.

Quantitative reverse transcribed PCR (qRT-
PCR)

Total RNAs from cells were extracted using 
Trizol (Invitrogen, USA) according to the manu-
facturer’s instruction. About 500 ng of total 
RNAs was reversely transcribed into cDNA 
using miScript II RT Kit (Qiagen, USA) according 
to the manufacturer’s instructions. Real-time 
qRT-PCR was performed on ABI 7500 Sequence 
Detection System (Life Technologies, USA) 
using SYBR Green real-time PCR master mix 
(Toyobo Co., Japan) with a primer concentration 
of 200 nM under the conditions of 95°C for 1 
min, followed by 40 cycles of 95°C for 15 sec, 
60°C for 15 sec, 72°C for 20 sec. The small 
nuclear U6 was used as internal control. The 
specific primers for miRNAs and U6 were pur-
chased from Qiagen (Valencia, CA, USA). All 
experiments were performed in triplicate. 
Relative expression levels were calculated 
using the 2-∆∆Ct method.

Lentiviral stable infection

Lentiviruses containing miR-634 (Lv-miR-634) 
and scramble negative control (Lv-NC) were 
purchased from GeneChem Company (Shang- 
hai, China). To get stably infected CNE-1/Taxol 
cells, the cells were cultured to about 70% of 
the plates, and then added by a concentration 
of 1.0 × 104 TU/well Lv-miR-634 or Lv-NC. Real-
time qRT-PCR was performed to determinate 
expression levels of miR-634 after being infect-
ed for 6 days. The stably infected CNE-1/Taxol 
cells were expanded and harvested for further 
experiments.

MTT assay

Exponentially growing cells were seeded at 
10,000 cells (100 μl culture medium) per well 
in 96-well plates and incubated for 12 h. The 
cells were then exposed to different concentra-
tions of paclitaxel for 72 h, then 20 μl of MTT 
(Sigma Chemicals, St. Louis, MO, USA; 5 mg/ml 
in PBS) was added to each well, and the cells 
were cultured for an additional 4 h. Sub- 
sequently, 200 μl of DMSO was added to each 
well to dissolve the crystals. The values of the 
optical density at 570 nm were then measured 
using a microplate ELISA reader.

Colony formation assay

For the colony formation assay, Five hundred 
Lv-miR-634 or Lv-NC stably infected CNE-1/
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Taxol cells were placed in complete growth 
media in each 35 mm dish and allowed to grow 
for 6 h. A final concentration of 10 ng/ml pacli-
taxel was then added to each dish. After 24 h 

treatment, paclitaxel was removed by adding 
fresh complete growth media, and cells were 
allowed to grow until visible colonies formed (2 
weeks). Cell colonies were fixed with 4% poly-

Figure 1. Screening and validation of miRNAs associated with paclitaxel resistance in CNE-1 cells. A. Hierarchical 
clustering analysis of 13 differentially expressed miRNAs detected by the miRNA microarray analysis in the paclitax-
ol-resistant CNE-1/Taxol cell sublines (n = 3, N2, N4, N6) compared to the parental CNE-1 cells (n = 3, Q1, Q3, Q5). 
The heat map diagram shows the results of the two-way hierarchical clustering analysis of miRNA expression levels 
and the cell lines. Each row represents a miRNA and each column represents a cell line. The miRNA-clustering tree 
is shown on the left and the cell line-clustering tree is at the top. The color scale shown at the top illustrates the 
relative expression level of a miRNA in a certain slide. A red color represents a high relative expression level and 
a green color represents a low relative expression level. B. Six differentially expressed miRNAs were validated by 
qRT-PCR in the paclitaxol-resistant CNE-1/Taxol cell sublines. There were five significantly downregulated (miR-634, 
miR-4478, miR-3198, miR-100 and miR-4653) and one significantly upregulated (miR-802) miRNAs consistent with 
the microarray results.
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sorbate, stained with Giemsa, washed, air 
dried, photographed and counted.

Animal treatments

Female nude mice of 3-5 weeks old, 17.9 ± 
0.82 g in weight, were purchased from Shanghai 
Laboratory Animal Center (SLAC, Shanghai, 
China), and maintained under specific patho-
gen-free conditions. The parental CNE-1 cells 
and paclitaxel-resistant CNE-1/Taxol cells over-
expressing miR-634 were harvested, resus-
pended in serum-free medium, and 1000,000 
cells in 200 μl of cell suspension were injected 
into the proximal tibia of each anesthetized 
nude mice (n = 5 animals per group). Every 4 
days post inoculation, individual orthotopic 
tumor from each mouse was measured with 
calipers, and the volume (mm3) of orthotopic 
tumor was calculated according to the formula: 
1/2 × length × width2. 61 days after inocula-
tion, the mice developed palpable tumors; the 

paclitaxel (10 mg kg-1) was intraperitoneally 
injected once a day for five days. Two days after 
complete paclitaxel treatments, all of the mice 
were euthanized and the tumors were excised 
and imaged under a light microscope.

Statistical analysis

The experiments were repeated at least three 
times, and the data are shown as the mean ± 
SD. Student’s t-test was used to analyze the dif-
ferences in the experiments. Statistical analy-
ses were performed using the SPSS 11.0 soft-
ware, and P < 0.05 was considered to indicate 
a statistically significant difference.

Results

Screening and validation of miRNAs associ-
ated with paclitaxel resistance in CNE-1 cells

We performed miRNA microarray to screen dif-
ferentially expressed miRNAs in our induced 

Figure 2. MiR-634 sensitizes nasopharyngeal carcinoma cells to paclitaxel in vitro. A. The CNE-1/Taxol cells were in-
fected with Lv-miR-634 or Lv-NC, after being infected for 6 days, qRT-PCR was performed to determinate expression 
levels of miR-634 in stably infected CNE-1/Taxol cells, untreated groups were taken as the control. B. The impact of 
miR-634 on drug sensitivity at different paclitaxel doses (0, 2, 4, 6, 8 and 10 ng/ml) was determined by MTT assay. 
C. The CNE-1/Taxol cells were treated with a final concentration of 10 ng/ml paclitaxel for 24 h, and the impact of 
miR-634 on drug sensitivity was determined by colony formation assay. *P < 0.05.
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paclitaxel-resistant CNE-1/Taxol cell sublines. 
After normalizing the expression data with bio-
informatical methods, we performed fold 
change filtering between the data for CNE-1/
Taxol cells and the parental CNE-1 cells. The 
threshold for both the upregulated and down-
regulated miRNAs was at least 2-fold. Compared 
to the parental CNE-1 cells, there were 7 upreg-
ulated (miR-4788, miR-802, miR-3146, miR-

4678, miR-377-3p, miR-208b, miR-22-5p) and 
6 downregulated (miR-100-5p, miR-4478, miR-
1204, miR-634, miR-4653-3p, miR-3198) miR-
NAs screened in CNE-1/Taxol cells (Figure 1A). 
To confirm the microarray findings, these differ-
entially expressed miRNAs were validated by 
qRT-PCR in the parental CNE-1 cells and pacli-
taxol-resistant CNE-1/Taxol cells. Five signifi-
cantly downregulated (miR-634, miR-4478, 

Figure 3. MiR-634 inhibits tumor growth and sensitizes nasopharyngeal carcinoma cells to paclitaxel in vivo. BALB/C 
nude mice were subcutaneously inoculated with CNE-1/Taxol cells with overexpressed miR-634 (Lv-miR-634, n = 5) 
and negative controls (Lv-miR-NC, n = 5), respectively. After 61 days, paclitaxel (10 mg kg-1) was then intravenously 
injected into mice once a day for five days. A. Tumor volume (mm3) was calculated every 4 days. B. Two days after 
complete paclitaxel treatments, all mice were euthanized and the tumors were excised and imaged under a light 
microscope. C. qRT-PCR analysis showed that miR-634 was upregulated in transplanted tumour tissues inoculated 
by miR-634-overexpressing CNE-1/Taxol cells. *P < 0.05.
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miR-3198, miR-100 and miR-4653) and one 
significantly upregulated (miR-802) miRNAs 
were consistent with the microarray results 
(Figure 1B).

MiR-634 sensitizes nasopharyngeal carcino-
ma cells to paclitaxel in vitro

Among six validated miRNAs, we then focused 
on miR-634, considering it was the most down-
regulated in the paclitaxol-resistant CNE-1/
Taxol cell sublines. To further confirm the 
involvement of miR-634 in regulating paclitaxel 
sensitivity in NPC cells, we exogenously upregu-
lated miR-634 expression in CNE-1/Taxol cells 
via lentiviral infection and observed its impact 
on paclitaxel sensitivity using MTT assay and 
colony formation assay. As shown in Figure 2A, 
Lv-miR-634 stably infected CNE-1/Taxol cells 
were established, and had a significantly upreg-
ulated miR-634 expression level compared 
with the controls. Furthermore, the drug sensi-
tivity was determined with MTT assay at 72 h 
with different paclitaxel doses (0, 2, 4, 6, 8 and 
10 ng/ml). As shown in Figure 2B, paclitaxel 
sensitivities were significantly increased after 
forced overexpression of miR-634 in CNE-1/
Taxol cells compared with negative controls. 
Colony formation assay revealed the similar 
result, in which paclitaxel (10 ng/ml) treatment 
for 24 h resulted in significant decreased colo-
ny formation percentages of CNE-1/Taxol cells 
infected with Lv-miR-634 lentivirus compared 
with the negative control (Figure 2C). Taken 
together, our findings suggest that miR-634 
may modulate the sensitivity to paclitaxel in 
NPC cells.

MiR-634 inhibits tumor growth and sensitizes 
nasopharyngeal carcinoma cells to paclitaxel 
in vivo

To further investigate the role of miR-634 in 
regulating paclitaxel sensitivity in vivo, we 
injected subcutaneously Lv-miR-634 infected 
CNE-1/Taxol cells, as well as the negative con-
trol Lv-NC infected CNE-1/Taxol cells into 3- to 
5-week female BALB/C nude mice (n = 5 per 
group), respectively. All mice developed palpa-
ble orthotopic tumors. 61 days after CNE-1/
Taxol cells injection, the mice were treated with 
the paclitaxel (10 mg kg-1) once a day for five 
days, and euthanized two days later. All mice 
developed palpable orthotopic tumors, and the 
volume of tumor was calculated. As shown in 

Figure 3A, tumor growth was inhibited in miR-
634 overexpression group compared to nega-
tive control group before paclitaxel administra-
tion (before 61 days post-injection). Upon 5-day 
paclitaxel treatment, tumor growth was more 
significantly inhibited in miR-634 overexpres-
sion group than that in negative control group 
(Figure 3A). By using qRT–PCR, we observed 
that miR-634 expression was significantly 
increased in tumor tissues grafted by stably 
overexpressed miR-634 cells compared with 
those negative controls (Figure 3C). Thus, our 
findings in vivo further support. Thus, our find-
ings in vivo suggest that miR-634 may enhance 
paclitaxel sensitivity in nasopharyngeal cancer 
cells.

Discussion

Paclitaxel has been widely used for the clinical 
treatment of many kinds of human cancers, 
including breast, ovarian, lung, bladder, esoph-
agus and head and neck cancer [3, 7, 12]. 
Although paclitaxel-based therapy has a good 
initial response, the clinical effectiveness is 
limited by the emergence of paclitaxel-resistant 
cancer cells, which ultimately leads to tumor 
progression and relapse. Consequently, it is 
necessary to discover novel molecules regulat-
ing drug resistance for developing more effec-
tive targeted therapies. Abnormal expression of 
miRNAs can modulate drug resistance of can-
cers. Recent reports have documented that 
miR-200c, miR-125b, miR-21, miR-337-3p, miR- 
34a, miR-148a, miR-214 and miR-7 are involved 
in paclitaxel resistance or sensitivity in differ-
ent cancers [13-20]. More importantly, manipu-
lation of these miRNAs could alter drug sensi-
tivity of cancer cells, which provides a promis-
ing tool to overcome cancer drug resistance. 
For instance, Ren et al have reported the miR-
21 inhibitor could enhance the chemosensitivi-
ty of human glioblastoma cells to taxol [16].

In this study, miRNA microarray and qRT-PCR 
revealed that miR-634 was one of most down-
regulated miRNAs in induced paclitaxel-resis-
tant NPC CNE-1/Taxol cells, which suggests 
that loss of miR-634 is closely linked to the 
development of paclitaxel resistance in NPC. 
Then, we restored miR-634 in the CNE-1/Taxol 
cells by lentivirus infection to clarify the role of 
miR-634 in regulating the paclitaxel sensitivity 
in NPC cells. In vitro study revealed that resto-
ration of miR-634 re-sensitized the CNE-1/
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Taxol cells to paclitaxel based on MTT assay 
and colony formation assay. In vivo study, miR-
634 inhibited tumor growth and enhanced 
paclitaxel sensitivity of nasopharyngeal cancer 
upon paclitaxel treatment. Thus, our findings 
suggest that upregulating miR-634 might, at 
least partially, reverse paclitaxel resistance in 
NPC.

In recent studies, miR-634 has been reported 
to demonstrate anti-proliferative effects 
against prostate cancer cells [21], negatively 
affect cell proliferation, but not migration in 
glioblastoma LN229 cells [22], and function as 
an effective inhibitor of HER2 signaling and cell 
growth in breast cancer cells [23]. In addition, 
Yamamoto et al have reported that miR-634 
negatively regulated the NRF2-mediated onco-
genic pathway by directly targeting NRF2 and 
downregulation of miR-634 was associated 
with stabilized NRF2 and poor prognosis in 
esophageal squamous cell carcinoma [24]. In 
the present study, we found that restoration of 
miR-634 inhibited tumor growth and enhanced 
paclitaxel sensitivity of tumor cells in xenograft 
mouse model. Thereby, we hypothesized that 
miR-634 acts as a tumor suppressor, which 
could not only negatively regulate oncogenic 
pathway and growth of cancer cells but also 
reverse drug resistance to paclitaxel che- 
motherapy.

In summary, our present investigation suggests 
that loss of miR-634 is closely invovled in pacli-
taxel resistance development in NPC cells. 
Interestingly, we demonstrate that miR-634 
sensitizes paclitaxel treatment and negatively 
affect tumor growth. Taken together, these find-
ings suggest that miR-634 may be a useful bio-
marker for NPC paclitaxel resistance develop-
ment and provide new information for using 
miR-634 based therapeutic strategies for NPC 
or other cancer treatments in the future.
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