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Abstract. The Notch signaling pathway plays an important role 
in the proliferation and differentiation of cells. Although recent 
studies have shown that Notch plays a role in the mechanisms of 
cisplatin resistance, the mechanism by which Notch plays roles 
in intrinsic or acquired cisplatin resistance remains unclear. In 
the present study, poorly differentiated nasopharyngeal carci-
noma cells were treated with a γ-secretase inhibitor (DAPT), 
which led to a decrease in the Notch intracellular domain and 
inhibition of Notch signaling. Treatment was not sufficient to 
induce pronounced apoptosis of CNE-2 cells, but did result in the 
down-regulation of the P-glycoprotein and ERCC1 protein. In 
contrast, the combined treatment of DAPT and cisplatin induced 
substantial cell apoptosis compared to cisplatin treatment alone.

Introduction

Nasopharyngeal carcinoma (NPC) is a tumor arising from 
the epithelial cells that cover the surface and line the naso-
pharynx. The incidence of NPC is higher in Chinese and 
Tunisian populations (1). Unfortunately, at diagnosis, 70% of 
patients have locally advanced, non-metastatic stage III or IV 
disease (2,3). Despite novel advances in radiotherapy, chemo-
therapy and gene-targeting agents, the overall survival rate of 
patients in the aggressive phase remains low (4). Concomitant 
chemoradiotherapy represents one of the most recent advances 
in the treatment of NPC patients. A recent meta-analysis 
confirmed the superiority of concurrent chemoradiotherapy 
to radiotherapy alone. Cisplatin-based concomitant chemora-
diotherapy is now the standard treatment for locally advanced 
NPC patients (2,5,6).

However, intrinsic or acquired resistance to cisplatin 
therapy remains a critical problem in the clinical management 
of NPC patients. Cisplatin resistance in HNSCC may be medi-
ated by a number of different mechanisms, including drug 
detoxification, up-regulation of DNA repair enzymes or the 
overexpression of gene products that provide tumor cells with 
survival advantage relative to normal cells (7,8). Recent studies 
have shown that Notch may play a role in the mechanisms of 
cisplatin resistance (9). Moreover, Notch-1 was found to be 
highly expressed in cisplatin-resistant HNSCC patients (8).

The Notch signaling pathway plays an important role in the 
proliferation and differentiation of cells. It is an evolutionarily 
conserved pathway that regulates critical cell fate decisions (10). 
Notch receptor activation is irreversible as it involves proteol-
ysis-mediated release of the Notch intracellular domain (NICD) 
which can be interrupted by γ-secretase inhibitor, translocation 
to the nucleus and transactivation of gene targets associated with 
the transcription cofactor CBF1, which in turn affect numerous 
pathways involving cell-fate determination (11-14).

Experimental evidence has also revealed that Notch is 
involved in anticancer drug resistance, indicating that targeting 
Notch may be a novel therapeutic approach for the treatment 
of cancer by overcoming drug resistance of cancer cells (9). 
Yet, the mechanism of how Notch functions in intrinsic or 
acquired cisplatin resistance remains unclear, particularly in 
NPC intrinsic resistance to cisplatin.

In the present study, treatment of poorly differentiated 
NPC cells with a γ-secretase inhibitor (DAPT), which led to 
the decline in NICD and inhibition of Notch signaling, was not 
sufficient to induce pronounced apoptosis of CNE-2 cells, but did 
result in the down-regulation of the P-glycoprotein and ERCC1 
protein. In contrast, combination of DAPT with cisplatin induced 
substantial cell death compared to cisplatin treatment alone.

Materials and methods

Cell cultures and reagents. The human poorly differentiated 
nasopharyngeal carcinoma CNE-2 cell line was purchased from 
the Shanghai Cell Collection (Shanghai, China) and maintained 
in RPMI-1640 containing 10% fetal bovine serum (Hyclone, 
UT, USA), 100 U/ml penicillin and 100 mg/ml streptomycin at 
37˚C in a humidified atmosphere with 5% CO2. The γ-secretase 
inhibitor (DAPT; N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-
phenylglycinet-butylester, C23H26F2N2O4) was purchased from 
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Sigma-Aldrich Co. LLC and cisplatin were supplied by Qilu 
Pharmaceutical Co., Ltd.

Cell treatment. Notch signaling pathways were inhibited with 
the γ-secretase inhibitor (DAPT) at different concentrations. 
DAPT was dissolved in DMSO to a stock concentration of 
10 mM, and was diluted to final concentrations of 25, 50 and 
75 µM with conventional culture medium just prior to use. The 
control group (0 µM DAPT) was mock treated with conven-
tional medium containing the mean volume of DMSO carrier 
only. Cispatin was dissolved in PBS to a stock concentration of 
5 mM and used at a final concentration of 10 µM after a 24-h 
treatment with various concentrations of DAPT (15).

Flow cytometric analysis of apoptotic cells using 
Annexin V‑FITC and propidium iodide (PI). After 72 h of cell 
treatment as mentioned above, cells were gently trypsinized 
and washed once with serum-containing media. Each group 
of cells (1x105 to 2x105) was collected by centrifugation and 
then resuspended in 500 µl of 1X Annexin-binding buffer. 
Annexin V-FITC (5 µl) and 10 µl of PI were added, and cells 

were then incubated at room temperature for 10 min in the 
dark. Annexin V-FITC binding was analyzed by flow cytom-
etry (Epics Altra, Beckman, USA; Ex=488 nm, Em=530 nm) 
using FITC signal detector and PI staining by the phycoery-
thrin emission signal detector.

Cell proliferation and cytotoxicity assay. We dispensed 100 µl 
of cell suspension (2,000 cells/well) in a 96-well plate. The 
plate was pre-incubated for 24 h in a humidified incubator. 
Various concentrations of DAPT (0, 25, 50 and 75 µM) were 
added to the plate for testing. The plate was incubated for 24, 
48 and 72 h in the incubator, and 10 µl of CCK-8 (Dojindo, 
Japan) solution was added to each well of the plate. The plate 
was incubated for 1 h in the incubator, and the absorbance at 
450 nm was measured using a multilable counter (Victor3 
1420; Perkin Elmer).

Flow cytometric analysis of the cell cycle. The cells were 
treated similarly as for the analysis of cell apoptosis. Then, 
1x106 cells of each group were collected and resuspended in 
1 ml of 70% ethanol and fixed overnight at 4˚C. Cells were 

Figure 1. (A1-4) CNE-2 cells were treated with different concentrations of DAPT (0, 25, 50 and 75 µM), and the apoptosis of CNE-2 cells was assessed by 
FACS after 48 h. (B1-4) CNE-2 cells were previously treated with various concentrations of DAPT (0, 25, 50 and 75 µM) before 24 h, and then treated with 
cisplatin at the same final concentration of 10 µM. The apoptosis of CNE-2 cells was detected by FACS after 48 h of treatment with cisplatin. The control group 
(0 µM DAPT) was treated with conventional medium containing the mean volume of DMSO. No significant apoptosis was noted only with DAPT treatment 
when compared to the control group (P>0.01), while pre-treatment with DAPT enhanced the effect of cisplatin in a dose-dependent manner. There was a 
marked difference compared to the control group treated with cisplatin and DMSO (P<0.01). A1-4 and B1-4 are respresentative of one of three independent 
experiments that yielded similar results. Values in histograms (A) and (B) are the means ± SD. Proportion of non-apoptotic cells (F3, Annexin V-FITC-/PI-), 
early apoptotic cells (F4, Annexin V-FITC+/PI-), late apoptotic/necrotic cells (F2, Annexin V-FITC+/PI+) and cell debris or dead cells (F1). *P<0.01 compared 
to that of 0 µM DAPT group by T-test.
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collected by centrifugation again, washed with PBS twice and 
then resuspended in 500 µl of 1X binding buffer containing 
0.5% PI. The prepared cells were incubated at 4˚C for 20 min 
in the dark, and then analyzed by flow cytometry.

Western blot analysis. Cells were harvested from the 60 mm 
cell culture plates, and aliquots of cell extracts were separated 
on an 8-12% SDS-polyacrylamide gel. Then, proteins were 
transferred to a polyvinylidene difluoride membrane and 
incubated overnight at 4˚C with the rabbit polyclonal antibody 
anti-NICD and anti-ERCC1 (Cell Signaling Technology), or 
mouse monoclonal antibody anti-P-glycoprotein (Abcam), 
respectively. Membranes were then washed and incubated 
with HRP-conjugated secondary antibodies in confining 
liquid for 1 h and the film was developed using an ECL test kit 
(Beyotime, China). The density of the bands on the film were 
scanned and analyzed with an image analyzer.

Statistical analysis. Statistical comparison of the data was 
performed using a Student's t-test. A P-value of <0.01 was 
considered to be significant.

Results

Induction of cell death by the combined treatment of DAPT 
and cisplatin in CNE-2 cells. CNE-2 cells were first treated 
with increasing concentrations of cisplatin to establish the 
least effective concentration which substantially affects cell 
survival. While 5 µM cisplatin for 48 h showed little effect, 
cell death was observed with 10 µM cisplatin in CNE-2 cells, 
so this dosage was used for further drug combination studies. 
The CNE-2 cells were treated with increasing concentrations 
of DAPT, and there was no obvious effect on cell survival 
(P>0.01). Cells were initially treated with various concentra-
tions of DAPT, and then combined with 10 µM cisplatin after 
24 h. DAPT dose-dependent cell apoptosis was observed after 
treatment of 10 µM cisplatin for 48 h (Fig. 1).

Induction of cell cycle arrest and cell proliferation is 
suppressed by DAPT. Although the application of the 
maximum dose of DAPT at 75 µM had no obvious effect on 
cell survival, it substantially retarded CNE-2 cell prolifera-

tion in a dose-dependent manner (Fig. 2). To assess whether 
DAPT-mediated Notch 1 inhibition is associated with changes 
in the cell cycle progression of CNE-2 cells, flow cytometry 
was employed to detect their allocation at different cell cycle 
phases in the presence of various concentrations of DAPT at 
48 h. Notch 1 inhibition increased the percentage of cells in 
the G0/G1 phase at the expense of S-phase (Fig. 3).

Mechanism of enhanced apoptosis is induced by the combined 
treatment of DAPT and cisplatin in CNE-2 cells. CNE-2 cells 
were treated with increasing concentrations of DAPT, and the 
γ-secretase-generated Notch 1 fragment Val1744-NICD was 
decreased after 48 h in a dose-dependent manner (P<0.01). 
The activation of γ-secretase was almost completely inhib-
ited by DAPT at the concentration of 50 µM. Meanwhile, 
the expression of P-gp and ERCC1 protein was detected by 
western blotting. There was a significant decrease in the 

Figure 2. Cells were treated as described in Materials and methods, and cell 
proliferation and cytotoxicity assays were carried out. After 48 h, there was 
a notable difference in the absorbance between the DAPT-treated group and 
the control group (P<0.01), which indicated that the γ-secretase inhibitor 
retarded CNE-2 cell proliferation in a dose-dependent manner.

Figure 3. (C1-4) Cell cycle of CNE-2 cells treated with different concentra-
tions of DAPT. DAPT treatment had an impact on the cell cycle of long-term 
self-renewing CNE-2 cells. The histogram shows the relative distribution of 
CNE-2 cells across the different cell cycle phases under self-renewing condi-
tions in the presence or absence of DAPT (P<0.01).
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expression of P-gp and ERCC1 protein in a dose-dependent 
manner (P<0.01; Fig. 4).

Discussion

Chemotherapy fails to eliminate all tumor cells due to intrinsic 
or acquired drug resistance, which is the most common 
cause of tumor recurrence. The mechanisms responsible for 
drug resistance are complex and remain poorly understood. 
Resistance may be due to either the specific nature and genetic 
background of the cancer cell itself or the genetic changes that 
follow toxic chemotherapy (9,16,17).

Intrinsic or acquired resistance to cisplatin therapy remains 
a critical problem in the clinical management of NPC patients. 
Cisplatin resistance in HNSCC may be mediated by a number 
of different mechanisms, including drug detoxification, 
up-regulation of DNA repair enzymes or overexpression of 
gene products that provide tumor cells with survival advantage 
relative to normal cells. Studies have demonstrated that Notch 
regulates the formation of cancer stem cells and contributes 
to the acquisition of the epithelial-mesenchymal transition 
phenotype, which are also critically associated with drug 
resistance (18,19).

There is little evidence indicating that Notch signaling 
pathways are involved in cisplatin resistance through regulating 
drug detoxification or up-regulating DNA repair enzymes. In 
our study, we found that treatment with DAPT (γ-secretase 
inhibitor) markedly down-regulated P-gp and ERCC1 protein 
expression in CNE-2 cells, and the combination of DAPT and 
cisplatin in CNE-2 cells enhanced cisplatin sensitivity, elimi-
nated the drug resistance and induced greater cell apoptosis 
compared to cisplatin treatment alone.

The majority of published data suggest that P-gp acts as 
a transmembrane pump which removes drugs from the cell 
membrane and cytoplasm (20). Overexpression of P-gp, the 
ATP-binding cassette drug transporter, confers an intrinsic or 
acquired multidrug resistance (MDR) due to its capability of 
transporting a broad range of chemically diverse anticancer 
drugs. Occurrence of MDR prevents efficient killing of cancer 
cells, leading to chemotherapeutic treatment failure (21). As 
a non-specific drug transporter, the P-gp also removes the 
γ-secretase inhibitor from the cytoplasm in theory. In fact, in 

this study, the concentration of DAPT applied in CNE-2 cells 
was higher compared to other studies (22,23), which indicated 
more P-gp pumps in the membrane of drug-resistant cancer 
cells. The nearly saturated concentration of DAPT guarantees 
the inhibition of γ-secretase activity and the interruption of 
NICD release, which in turn affects the transactivation of the 
MDR1 gene or other target genes encoding some enzymes or 
proteins, such as PKC, which activates the P-gp protein (24).

The expression of ERCC1 was also decreased after 
DAPT treatment. ERCC1 activity is involved in resistance 
to platinum chemotherapy drugs. Nucleotide excision repair 
(NER) is the primary DNA repair mechanism that removes 
the therapeutic platinum-DNA adducts from the tumor DNA. 
ERCC1 activity levels, being an important part of the NER 
common final pathway, may serve as a marker of general NER 
throughput. One study reported that ERCC1-positive NSCLC 
tumors do not benefit from adjuvant platinum chemotherapy. 
Thus, down-regulation of ERCC1 enhances the cancer cell 
sensitivity to platinum chemotherapy drugs, and ERCC1 may 
be involved in the mechanism of Notch-regulated cancer drug 
resistance (25-28).

In this study, we also found that application of γ-secretase 
inhibitor had no detectable effect on CNE-2 cell survival, 
which was not in accord with previous reports (29,30), but 
it substantially retarded CNE-2 cell proliferation in a dose-
dependent relationship. Flow cytometry was employed to 
detect the allocation to different cell cycle phases in the 
presence of various concentrations of DAPT at 48 h. Notch 1 
inhibition increased the percentage of cells in G0/G1 phase 
at the expense of S-phase. Borghese et al found similar 
results which showed that inhibition of Notch signaling in 
human embryonic stem cell-derived neural stem cells delayed 
G1/S phase transition and accelerated neuronal differentia-
tion (23). Huang et al (22) also reported that the γ-secretase 
inhibitor DAPT induced adipogenesis of adipose-derived stem 
cells. Application of γ-secretase inhibitor may alter the differ-
entiation state of CNE-2 cells and induce CNE-2 cells toward 
a well-differentiated state. Whether this change is involved in 
drug resistance of CNE-2 cells, requires future research.

In conclusion, inhibition of the Notch signaling pathway 
by a γ-secretase inhibitor markedly enhanced the cisplatin 
sensitivity of CNE-2 cells, which may be achieved through 
down-regulation of P-gp and ERCC1 protein. The combination 
of GSI with platinum compounds may provide an option to 
improve treatment for a subset of nasopharyngeal carcinoma 
patients.
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