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ABSTRACT
While there is an increasing interest in the correlation of cystic fibrosis transmembrane
conductance regulator (CFTR) and cancer incidence, the role of CFTR in nasopharyngeal
carcinoma (NPC) development remains unknown. In this study, we aimed to explore the
prognostic value of CFTR in NPC patients. The expression of CFTR was determined in NPC cell
lines and tissues. Statistical analysis was utilized to evaluate the correlation between CFTR
expression levels and clinicopathological characteristics and prognosis in 225 cases of NPC
patients. The results showed that CFTR was down-regulated in NPC tissues and cell lines.
Low expression of CFTR was correlated with advanced stage (p = 0.026), distant metastasis
(p < 0.001) and poor prognosis (p < 0.01). Multivariate analysis identified CFTR as an
independent prognostic factor (p = 0.003). Additionally, wound healing and transwell assays
revealed that overexpression of CFTR inhibited NPC cell migration and invasion, whereas
knockdown of CFTR promoted cell migration and invasion. Thus, the current study indicates
that CFTR, as demonstrated to play an important role in tumor migration and invasion, may
be used as a potential prognostic indicator in NPC.

INTRODUCTION

The majority of cancer death is attributed to distant
metastasis, which is a predominant reason of treatment
failure in NPC patients who do not present metastases at
diagnosis. Hence, better understanding of the mechanisms
underlying the acquisition of the invasive phenotype, and
development of novel prognostic indicators are important
for NPC treatment.
Cystic ﬁbrosis transmembrane conductance
regulator (CFTR) is a cAMP-activated chloride channel,
mutation of which results in cystic ﬁbrosis (CF), a common
fatal autosomal recessive disease [6, 7]. Since treatment
strategies for CF patients have been improved greatly,
the life span of CF patients is prolonged significantly. In
turn, there has been recent interest in the risk of various

Nasopharyngeal carcinoma (NPC) is the most
common cancer originating in the nasopharynx. The
incidence of NPC has remained high in southeast Asia,
particularly in southern China (~25–30 per 100,000
persons per year) [1]. Owing to advances in precise
radiotherapy and comprehensive chemotherapy,
localregional control and survival of primary NPC
patients have been improving significantly. Nonetheless,
more than 30% of patients will relapse with either
localregional recurrence or distant metastases [2], and
the overall survival rate of recurrent patients is poor with
median survival ranging from 7.2 to 22 months [3–5].
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cancers in CF patients and carriers of CFTR mutations
[8–13]. Disruption of CFTR function and/or dysregulation
of CFTR expression have been associated with a wide
range of cancers including esophageal, breast, gastric,
hepatobiliary, gall bladder, prostate, lung, small intestine
and colorectal cancers (CRC) [11, 14–22]. Furthermore,
down-regulation of CFTR has been correlated with cancer
progression, and proposed to be a prognostic predictor
for lung cancer, breast cancer and colon cancer [19–22].
However, high levels of CFTR expression have also been
reported to be associated with invasive phenotype and
poor prognosis in cervical and ovarian cancers [23–25].
The seemingly contradictory findings indicate the role of
CFTR in cancer development might be tissue specific.
Of note, the role of CFTR in NPC progression, and its
prognostic significance and impact on NPC patient
survival have never been explored.
In the present study, we determined the expression
of CFTR in NPC cell lines and tissue samples, and
evaluated its correlation with clinical characteristics and
patient prognosis. Our results show that low expression
levels of CFTR are associated with cancer progression
and poor survival of NPC patients. We also demonstrate
that CFTR manipulation in NPC cell lines affects cell
migration and invasion, providing mechanistic basis for
the role of CFTR in NPC development.

Our results showed that the expression levels of CFTR
were much lower in NPC tissues compared with that
in nasopharyngeal epithelia (p < 0.01) (Figure 2D).
To further quantify the expression levels of CFTR, we
examined the expression of CFTR in 9 normal tissue
samples and 20 NPC tissue samples using real-time
RT-PCR analysis. CFTR was found to be significantly
downregulated in NPC tissue samples compared to that in
normal samples (p < 0.05) (Figure 2E). These data suggest
that CFTR expression is downregulated in NPC samples.

Low CFTR expression is associated with
advanced disease in NPC
Next, we attempted to evaluate the correlation
of CFTR expression with NPC progression. We used
another cohort of 225 paraffin-embedded NPC specimens
diagnosed between 1994 and 1999 to further examine the
expression of CFTR protein by immunohistochemical
staining. We first evaluated CFTR expression levels in
accordance with patients’ metastasis status. Statistical
analysis revealed that CFTR expression of patients with
metastasis (n = 194) was significantly lower than patients
without metastasis (n = 31, p < 0.001) (Figure 2F). Further
analysis of CFTR mRNA levels according to patients’
metastasis status showed that CFTR expression in patients
with metastasis (n = 9) was significantly lower than
patients without metastasis (n = 10, p < 0.05) (Figure 2G).
To further investigate the association of CFTR
expression levels with NPC progression, we determined
the best cutoff expression level using ROC curve in the
test set (n = 225). The CFTR expression cutoff value was
determined to be 4.5 with 64.8% sensitivity and 67.5%
specificity (Figure 3A). We thus divided the cohort into
high expression (score > 4.5) and low expression (score
≤ 4.5) populations based on the cutoff value. CFTR levels
were statistically analyzed to identify an association with
the clinicopathologic characteristics of NPC. As shown
in Table 1, CFTR expression was significantly correlated
with clinical stage (p = 0.026) and distant metastasis
(p = 0.003). Nevertheless, there was no significant
correlation between CFTR expression and gender, age,
histological classification, T classification, N classification,
relapse and skull-base invasion.

RESULTS
CFTR expression is down-regulated in NPC cell
lines and tissues
We first determined the expression levels of CFTR
in various NPC cell lines compared to the immortalized
nasopharyngeal epithelial cells (NP69) and normal
nasopharyngeal epithelial cells (Normal). Our western
blotting analysis revealed that CFTR expression levels
were lower in all NPC cell lines than that in NP69 and
Normal cells. Of note, CFTR expression was lower in
high-metastasis 5–8F cells than that in low-metastasis
6–10B cells, which are originated from the same SUNE-1
cell line [26] (Figure 1A). Consistent with the protein
expression, decreased expression of CFTR mRNA was
observed in all NPC cell lines examined except for C666
cells (Figure 1B). Thus, the expression levels of CFTR
are downregulated in NPC cell lines compared to that in
normal and immortalized cells.
We proceed to determine the expression and
localization of CFTR in primary NPC tissues. In one of the
NPC sections containing both tumor tissue and adjacent
normal tissue, we observed a transitional expression
pattern of CFTR with strong expression in the normal
nasopharyngeal tissue but much decreased expression in
tumor region (Figure 2A–2C). Thus, we further evaluated
the expression levels of CFTR by immunochemistry
in 10 cases of NPC samples and 10 normal tissues.
www.impactjournals.com/oncotarget

Lower CFTR expression is correlated with poor
prognosis and inferior survival in NPC
Since metastasis is the main cause of tumor
relapse and high mortality of NPC, we also evaluated the
prognostic potential of CFTR using clinical outcomes
collected by the follow-up study. The median follow-up
time for the 225 NPC patients was 83.9 months, ranging
from 1.8 to 143.1 months. Through Kaplan-Meier survival
analysis, patients with high expression levels (higher than
4.5, n = 120) of CFTR had longer overall survival than
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patients with lower CFTR expression levels (lower than
4.5, n = 105) (p < 0.01) (Figure 3B). Among them, patients
with higher CFTR levels had better survival status,
presenting longer metastasis free time compared to those
with poor survival (p = 0.03) (Figure 3C). In addition,
it should be noted that patients with high CFTR levels
had higher 10-year survival rate (41.7%), compared to
those with lower CFTR levels (22.6%) (Figure 3B) Thus,
lower expression of CFTR is significantly associated with
disease progression and poor prognosis in NPC.
Univariate analysis indicated that apart from
CFTR expression levels (p < 0.001), gender (p = 0.037),
histological classification (p = 0.015), T classification
(p < 0.001), N classification (p = 0.001), distant metastasis
(p < 0.001), relapse (p = 0.003), skull-based invasion
(p = 0.003) and radiotherapy response (p < 0.001) were also
significantly correlated with patient survival (Table 2, left
panel). Multivariate analysis showed that T classification
(p = 0.036), N classification (p = 0.003), distant metastasis
(p < 0.001), relapse (p = 0.002) and CFTR expression
level (p = 0.003) were independent prognostic factors for
NPC (Table 2, right panel). Thus, our findings indicate
that CFTR expression level, as an independent prognostic
factor, is associated with clinical prognosis of NPC patients.

affect the migration and/ or invasion of NPC cells. To
perform the cell functional study in comparable cell lines,
we used 5–8F and 6–10B cells which are two subclones
of SUNE-1 with high-metastatic and low- metastatic
tendency respectively. Thus, they are good models for
investigating the role of CFTR in metastasis of NPC.
We exogenously overexpressed CFTR in 5–8F cells,
and knocked down CFTR expression in 6–10B cells.
The transfection efficiency of CFTR was confirmed by
western blotting (Figure 4A and 4B). Our results showed
that overexpression of CFTR in 5–8F cells strongly
inhibited cell migration (Figure 4C and 4D, p < 0.05),
whereas knockdown of CFTR in 6–10B cells significantly
promoted cell migration (Figure 4E and 4F, p < 0.05). We
further determined the effect of CFTR on cell invasion
by transwell assay. As shown in Figure 5A–5D, numbers
of invasive cells were dramatically decreased in CFTR
overexpressing 5–8Fcells (Figure 5A and 5B, p < 0.001).
On the contrary, numbers of invasive cells increased
significantly in CFTR knockdown 6–10B cells (Figure 5C
and 5D, p < 0.05). The role of CFTR in NPC cell migration
and invasion was validated in another NPC cell line
HNE1, as overexpression of CFTR in HNE1 significantly
suppressed cell migration and invasion (Figure 6). As a
first step to investigate the mechanistic role of CFTR in
cell migration and invasion, we determined the expression
of epithelial-mesenchymal transition (EMT) markers
in CFTR overexpressing 5–8F cells compared to their
control. Our results showed that overexpression of CFTR
increased the expression of epithelial markers Occludin
and E-cadherin, whereas decreased the expression of

CFTR affects migration and invasion abilities of
NPC cell lines
The observed association between CFTR expression
levels and NPC metastasis and prognosis prompted us
to investigate whether CFTR gene manipulation might

Figure 1: Expression of CFTR in NPC cell lines and normal nasopharyngeal epithelial cell lines. (A) Western blotting
analysis of CFTR protein in normal nasopharyngeal epithelial cells, immortalized nasopharyngeal epithelial cell line (NP69) and NPC cell
lines (CNE1, CNE2, 5–8F, 6–10B, SUNE1, HONE1 and C666). (B) Real-time PCR analysis of CFTR mRNA in the same cell lines as
described in A. Quantification analysis of data is expressed as the Mean ± SEM from three independent experiments.
www.impactjournals.com/oncotarget

76957

Oncotarget

mesenchymal marker SMA (Figure 5E), indicating CFTR
might regulate EMT process in NPC cell lines. Taken
together, these data indicate that CFTR plays critical role
in the regulation of invasive phenotype of NPC.

(Figure 1A and 1B). It is noteworthy that the expression
of CFTR in C666 cells with persistent EBV infection is
comparable to that in normal nasal epithelia. Interestingly,
previous studies showed that the enhanced proteasomal
degradation of CFTR-associated ligand (CAL) in Golgi
mediated by the speciﬁc interaction with HPV 16/18
E6 domain led to CFTR overexpression in the plasma
membrane [28, 29]. In addition, CFTR expression was also
reported to be associated with HPV infection in cervical
carcinoma [25]. Thus, it is plausible that EBV infection
may induce abnormal expression of CFTR in C666 cells.
We determined the expression of CFTR in two
cohorts of NPC samples and correlated it with NPC
clinicopathologic characteristics and survival rate.
Our results show that the reduced expression of CFTR
is correlated with advanced disease stage and distant
metastasis, but not tumor size or lymph node metastasis,
indicating low CFTR expression is related to more
advanced disease. Since metastasis is the main cause
of tumor relapse and high mortality of NPC, we also
evaluated the prognostic potential of CFTR using clinical
outcomes. Statistical analysis shows that low CFTR
expression is correlated with shorter survival of NPC
patients (Tables 1 and 2, Figure 3). Collectively, these
results clearly indicate that low level of CFTR expression

DISCUSSION
While metastasis has been the major cause of
treatment failure and death of NPC patients [27], the
molecular mechanisms underlying NPC metastasis are
still largely unknown. Hence, reliable biomarkers for
predicting metastasis and patient prognosis are still
lacking for NPC patients. In the present study, we found
that CFTR expression was significantly down-regulated
in NPC cell lines and tissues. By analyzing the CFTR
expression levels against clinicopathologic factors of NPC
patients, this study, for the first time, has revealed that low
expression level of CFTR is significantly correlated with
advanced disease and poor prognosis of NPC patients.
These data reveal a previously undefined role of CFTR in
NPC development.
We have first examined the expression of CFTR
in NPC cell lines, and found that the expression
levels of CFTR are globally downregulated in NPC
cell lines compared to normal nasal epithelial cells

Figure 2: Low expression levels of CFTR in NPC tissues. (A–C) Immunohistochemical staining of cell nuclei (blue) and CFTR

protein (brown) in representative images from NPC tumor tissue (n = 10). It can be seen that CFTR is mainly expressed at the cytoplasm of
nasopharyngeal epithelial cells. Compared to adjacent normal tissue, CFTR expression is dramatically decreased in tumor tissue. Squared
area captured at A is enlarged in B and C. scale bar: 100 µm. (D) Immunohistochemistry staining of CFTR expression in normal (n = 10)
and NPC tissues (n = 10). The expression of CFTR is significantly decreased in NPC patient samples, p < 0.01. (E) Real-time PCR analysis
of CFTR mRNA expression in normal nasopharyngeal biopsies (Normal, n = 9) and nasopharyngeal carcinoma biopsies (NPC, n = 20),
p < 0.05. (F) IHC score of CFTR expression in NPC patients with (M1, n = 194) or without (M0, n = 31) metastasis, p < 0.001. (G) Real-time
PCR analysis of CFTR mRNA in NPC patients with (M1, n = 9) or without(M0, n = 10) metastasis, p < 0.05.
www.impactjournals.com/oncotarget
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Figure 3: CFTR expression levels correlate with NPC patient survival. (A) The receiver operating characteristic (ROC) curve
of CFTR expression for predicting survival of NPC patients. (B and C) Kaplan-Meier analysis for patients with different CFTR expression
levels. Low expression of CFTR is closely correlated with poor overall survival (p < 0.01) (B) and metastasis-free survival (p = 0.03) (C).

Figure 4: CFTR affects NPC cell migration. (A) The expression of CFTR in control and CFTR-overexpressing 5–8F cells as
determined by western blotting. (B) The expression of CFTR in control and CFTR-knocking-down 6–10B cells as determined by western
blotting. (C) Overexpression of CFTR inhibits cell migration in 5–8F cells as demonstrated by wound healing assays. (D) Quantification
analysis of cell migration in 5–8F cells is expressed as the Mean ± SEM from three independent experiments (*p < 0.05). (E) Knockdown
of CFTR expression promotes cell migration in 6–10B cells. (F) Quantification analysis of cell migration in 6–10B cells is expressed as the
Mean ± SEM from three independent experiments (*p < 0.05).
www.impactjournals.com/oncotarget
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Figure 5: CFTR regulates NPC cell invasion. (A and B) Overexpression of CFTR inhibits cell invasion in 5–8F cells as demonstrated

by transwell assays. Quantification analysis of data is expressed as the Mean ± SEM from three independent experiments (***p < 0.001).
(C and D) Knockdown of CFTR expression promotes cell invasion in 6–10B cells. Quantification analysis of data is expressed as the
Mean ± SEM from three independent experiments (*p < 0.05). (E) The expression of EMT markers was determined by western blotting in
control and CFTR-overexpressing 5–8F cells.

Figure 6: CFTR regulates cell migration and invasion in HNE1 cells. (A) The expression of CFTR in control and CFTRoverexpressing HNE1 cells as determined by western blotting. (B) Overexpression of CFTR inhibits cell migration in HNE1 cells as
demonstrated by wound healing assays. Quantification analysis of data is expressed as the Mean ± SEM from three independent experiments
(**p < 0.01). (C) Overexpression of CFTR inhibits cell invasion in HNE1 cells as demonstrated by transwell assays. Quantification analysis
of data is expressed as the Mean ± SEM from three independent experiments (*p < 0.05).
www.impactjournals.com/oncotarget
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Table 1: Correlation between the clinicopathologic features and expression of CFTR
Characteristics
Gender
Male
Female
Age
< 45
≥ 45
Histological classification
Type II
Type III
Clinical stage
I-II
III-IV
T
T1–T2
T3–T4
N
N0
N1–N3
M
M0
M1
Relapse
Yes
No
Skull-based invasion
Yes
No
Radiotherapy response
Sensitive
Resistant

N

CFTR
Low expression
High expression

χ2

P values

171
54

80
25

91
29

0.004

0.95

109
116

48
57

61
59

0.588

0.443

11
214

6
99

5
115

0.288

0.591

97
128

37
68

60
60

4.976

0.026*

145
80

61
44

84
36

3.464

0.063

137
88

59
46

78
42

1.825

0.177

194
31

83
22

111
9

8.531

0.003*

201
24

94
11

107
13

0.007

0.931

177
48

77
28

100
20

3.337

0.068

187
38

83
22

104
16

2.316

0.128

*Significantly different.
is indicative of advanced disease and poor prognosis in
NPC. Previous studies from both our groups and others
have also shown the correlation of CFTR expression
levels and cancer prognosis in different cancers [18–24].
Consistent with the finding in NPC in the present study,
we have previously reported that low CFTR expression
is correlated with cancer progression and poor prognosis
in prostate, breast, colon and lung cancers [18–20, 23].
In contrast, CFTR was found to be highly expressed in
cervical cancer and associated with poor prognosis [25].
These results suggest that CFTR may play different
roles in different cell types and thus different cancers.
Therefore, it is clinically important to study CFTR in each
cancer type to determine its prognostic potential.
www.impactjournals.com/oncotarget

Emerging evidence has indicated the role of CFTR
in caner EMT and metastasis [18–20]. In the present study,
we have shown that overexpression of CFTR suppresses
NPC cell migration and invasion, whereas knockdown
of CFTR promotes them (Figures 4–6). These results are
in line with the observed changes in NPC samples, and
consistent with a metastasis-suppressing role of CFTR.
Our previous studies have indicated that dysfunction of
CFTR promotes EMT and cancer metastasis via both
genetic and epigenetic pathways, such as uPA, NFκB, MAPK and miR-193 [18–20]. Interestingly, in this
study, we have also found that overexpression of CFTR
upregulates epithelial markers whereas downregulates
mesenchymal marker, indicating EMT process may play a
76961
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Table 2: Univariate and multivariate analysis of factors associated with overall survival
Variables
Gender
Male vs Female
Age(years)
< 45 vs ≥ 45
Histological classification
Type II vs Type III
T classification
T1–T2 vs T3–T4
N classification
N0 vs N1–N3
Distant metastasis
No vs Yes
Relapse
No vs Yes
Skull-based invasion
No vs Yes
Radiotherapy response
Sensitive vs Resistant
CFTR
Low vs High

Univariate analysis

Multivariate analysis

HR

95% CI

P

1.923

1.041–3.553

0.037

0.736

0.473–1.147

0.176

0.381

0.175–0.828

0.015

0.448

0.288–0.695

< 0.001

0.528

0.29–0.960

0.036

0.487

0.314–0.756

0.001

0.452

0.267–0.768

0.003

0.181

0.110–0.297

< 0.001

0.295

0.165–0.526

< 0.001

0.43

0.245–0.756

0.003

0.404

0.225–0.726

0.002

0.477

0.295–0.772

0.003

NS

0.407

0.249–0.665

< 0.001

NS

3.016

1.886–4.824

< 0.001

HR

95% CI

P
NS

NS

2.126

1.286–3.516

0.003

NS, not significant.
role in mediating the metastasis-suppressing role of CFTR
in NPC. In addition, as the ABC family protein, CFTR and
multidrug resistance protein MRP (multi-drug resistant
protein) can interact with each other [30–34]. Thus, CFTR
may be associated with tumor drug resistance, modulating
the efficacy of chemotherapy and then affecting patient
metastasis rate after chemotherapy. The exact mechanisms
for the effect of CFTR on nasopharyngeal carcinoma
metastasis and prognosis warrant further investigation.
In summary, our results indicate that CFTR
expression is down-regulated in NPC, and low protein
level of CFTR is associated with poor prognosis. Thus,
CFTR could be a novel and useful prognostic marker
for NPC patients. However, the possible underlying
mechanisms for CFTR modulating tumor progression
remain to be elucidated, which might eventually lead to
the development of new anti-NPC strategies.

keratinocyte/serum-free (KSF) medium (Invitrogen), other
cell lines were cultured in RPMI 1640 (Invitrogen,
Carlsbad, CA) supplemented with 10% fetal bovine serum
(FBS; Hyclone, Logan, UT), penicillin (100 units/ml),
and streptomycin (100 units/ml) in a humidified 5%
CO2incubator at 37°C.
The 5–8F cells and HNE1 cell lines were transfected
with 2.5 μg pEGFPC3 plasmid expressing wild-type
CFTR (kindly provided by Professor Tzyh-Chang Hwang,
University of Missouri-Columbia) and 5 μl Lipofectamine
2000 (Invitrogen, Camarillo CA), and selected in full
medium containing G418 (Calbiochem, Schwalbach,
Germany) at 400 μg/ml. In contrast, 6–10B cells were
transfected with pcDNA6.2-miR-CFTR or pcDNA6.2miR-lacz (Lift Technologies), and the stably-transfected
cell lines were obtained by selection for Blasticidin
resistance (2.5 μg/ml) [18].

MATERIALS AND METHODS

Wound-healing assay

Cell culture and transfection

NPC cells were suspended and seeded in 6-well
plates (1 × 106 cells/well), and replaced the culture
medium with FBS-free 1640 before scraping a wound
across the cell monolayer with pipette tips. The restoration
of the wound was tracked and recorded by a real-time live

Cell lines were obtained from Sun Yat-Sen
University Cancer Center [35, 36]. NP69 cells and
primary nasopharyngeal epithelial cells were grown in
www.impactjournals.com/oncotarget
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cell imaging microscope system (Carl Zeiss, Oberkochen,
Germany) at 1 hour interval for 24 hours. Cell migration
ability alteration was determined by comparing reduced
areas of the scratches.

sections. All human specimens and correlative data were
obtained following protocol reviewed and approved by the
local Ethical Committee and all patients gave their written
informed consent. 225 paraffin-embedded NPC tissue
specimens were diagnosed between 1994 and 1999, the
case selection criteria: 1) initial diagnosis of NPC; 2) age
20–75 years; 3) stageI-IV; 4) availability of tumor tissue
and follow-up information. Another 10 paraffin-embedded
NPC slides and 10 normal slides were diagnosed between
2011 and 2013. Freshly frozen tissue samples of 39
nasopharyngeal carcinoma biopsies and 9 noncancerous
nasopharyngeal biopsies from the Department of Radiation
Oncology were also included.
Clinical follow-up was acquired from the respective
patient physicians and through review of medical records.
The follow-up period was defined as the interval from the
date of diagnosis to the date of death or the last followup. Patients enrolled were followed-up at least every 3
months during the first 2 years and then every 6 months
thereafter. Median follow-up was 83.9months (range,
1.8–143.1 months). For survival analysis, metastasisfree survival was defined as the minimum interval from
the date of diagnosis to the date of tumor recurrence and
occurrence of a second malignancy, death, or last followup. Overall survival (OS) was defined as the interval from
the date of diagnosis to the date of death or last followup. Patients alive with local recurrence or metastatic were
considered as in disease survival.

Cell invasion assay
Invasion assay was performed with transwell
chamber (Corning Incorporated, MA, USA) pre-coated
with 500 μg/ml Matrigel. Cells were seeded to the upper
chamber at 20,000 cells/well and incubation for 48 h. Cells
that invaded through the membrane of transwells were
ﬁxed in 4% paraformaldehyde for 20 min and stained
with 0.5% crystal violet solution for 30 min.The number
of invaded cells was counted under a microscope.

Western blotting
Western blot analysis was performed as described
previously [37]. Briefly, Cells were washed three times
with cold PBS and total cellular proteins were extracted
with lysis buffer. The protein concentration was detected
by BCA Protein Assay Kit (Beyotime Biotechnology).
Equal amounts of protein samples was subjected to 8%
SDS-PAGE gel for electrophoresis and transferred to
polyvinylidene ﬂuoride (PVDF) membranes (Millipore
corporation, USA). The membrane was incubated with
primary antibody 4°C overnight and HRP-conjugated
secondary antibody. The protein bands were visualized
by enhanced chemiluminescence (Amersham Pharmacia
Biotech, Piscataway, NJ) following the manufacturer’s
instructions. Antibodies: CFTR (1:200; Almone Lab;
ACL-006), β-tubulin (1:2000; Santa Cruz; sc-9104).

Immunohistochemical staining (IHC)
IHC analysis of CFTR was conducted according
to a previously described method [37]. Briefly, the
paraffin-embedded tissue sections were baked for 2 h at
65°C, dewaxed with xylenes and then rehydrated with
graded ethanol to distilled water. The sections were
boiled in EDTA antigen retrieval buffer (pH 8.0) in a
microwave oven for antigen retrieval. After being treated
with 0.3% H2O2 and normal goat serum, the slides were
incubated at 4°C with a CFTR antibody (1:100; Almone
Lab; ACL-006) overnight. Tissue sections were then
washed with PBST, and incubated with a biotinylated
anti-rabbit secondary antibody. Subsequently, the slides
were incubated with streptavidin horseradish peroxidase
complex at 37°C for 30 min, and finally developed using
diaminobenzidine tetrahydrochloride (DAB).

Real time quantitative PCR
Total RNA of NPC cells was extracted using TRIzol
reagent (Invitrogen Corporation, NY, USA) according to
the manufacturer’s suggested protocols. Subsequently, the
first-strand complementary DNA (cDNA) was synthesized
with 3 μg total RNA. Real time-PCR was conducted with
an Applied Biosystems 7500 Fast Real-Time PCR System.
For normalization, GAPDH was used as endogenous
control. The primer sequences are sense 5′- TGC CCT
TCG GCG ATG TTT -3′ and antisense 5′- GCG ATA GAG
CGT TCC TCC TTG -3′ for CFTR, and sense 5′- CTC
CTC CTG TTC GAC AGT CAG C -3′, antisense 5′- CCC
AAT ACG ACC AAA TCC GTT -3′ for GAPDH.

Scoring of IHC staining results
CFTR expression was scored visually by two welltrained independent pathologists in Sun Yat-sen University
Cancer Center. The entire tissue section was scored by
the intensity and extent of the staining (the percentages
of the positive staining areas in relation to the whole
carcinoma area or the entire section for the normal
samples). The staining intensity scores were determined

Tissue samples
All tissue samples used in this study were acquired
from Sun Yat-Sen University Cancer Center. The
diagnosis of NPC was confirmed at the time of original
diagnosis and the presence of tumor cells was verified
by a consultant pathologist using H&E staining of frozen
www.impactjournals.com/oncotarget
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as 0 (no staining), 1 (weak staining exhibited as light
yellow), 2 (moderate staining exhibited as yellow brown),
or 3 (strong staining exhibited as brown). The extent of
staining scores were determined as 0 (0%), 1 (1 to 25%),
2 (26 to 50%), 3 (51 to75%), or 4 (76 to 100%). The
final immunoreactive score was determined by adding
the intensity scores with the extent of positivity scores of
stained cells, with the minimum score of 0 and a maximum
score of 7.

7. Pearson H. Human genetics: One gene, twenty years.
Nature. 2009; 460:164–169.
8. Gallagher DJ, Kemeny N. Metastatic colorectal cancer:
from improved survival to potential cure. Oncology. 2010;
78:237–248.
9. Li Y, Sun Z, Wu Y, Babovic-Vuksanovic D, Cunningham JM,
Pankratz VS, Yang P. Cystic fibrosis transmembrane
conductance regulator gene mutation and lung cancer risk.
Lung Cancer. 2010; 70:14–21.
10. McWilliams RR, Petersen GM, Rabe KG, Holtegaard LM,
Lynch PJ, Bishop MD, Highsmith WE, Jr. Cystic fibrosis
transmembrane conductance regulator (CFTR) gene
mutations and risk for pancreatic adenocarcinoma. Cancer.
2010; 116:203–209.

Statistical analyses
ROC curve analysis was employed to determine
the cutoff value for expression of CFTR. The correlation
between CFTR expression and the clinicopathologic
features of the NPC patients was analyzed by a χ2-test.
Survival curves were obtained with the Kaplan-Meier
method (version 11; SPSS. Chicago, IL, USA). Log-rank
test was used to compare differences between survival
curves and differences were considered to be statistically
significant at p < 0.05 [38].

11. Neglia JP, FitzSimmons SC, Maisonneuve P, Schoni MH,
Schoni-Affolter F, Corey M, Lowenfels AB. The risk of
cancer among patients with cystic fibrosis. Cystic Fibrosis
and Cancer Study Group. N Engl J Med. 1995; 332:494–499.
12. Abraham EH, Vos P, Kahn J, Grubman SA, Jefferson DM,
Ding I, Okunieff P. Cystic fibrosis hetero- and homozygosity
is associated with inhibition of breast cancer growth. Nat
Med. 1996; 2:593–596.

ACKNOWLEDGMENTS AND FUNDING

13. Padua RA, Warren N, Grimshaw D, Smith M, Lewis C,
Whittaker J, Laidler P, Wright P, Douglas-Jones A,
Fenaux P, Sharma A, Horgan K, West R. The cystic fibrosis
delta F508 gene mutation and cancer. Hum Mutat. 1997;
10:45–48.

This work was supported in part by the National
Major basic Research Program of China (2012CB944903,
2013CB967403), the Focused Investment Scheme of
the Chinese University of Hong Kong and Faculty of
Medicine and GRF/RGC grant (CUHK 466413).

14. McWilliams R, Highsmith WE, Rabe KG, de Andrade M,
Tordsen LA, Holtegaard LM, Petersen GM. Cystic fibrosis
transmembrane regulator gene carrier status is a risk factor
for young onset pancreatic adenocarcinoma. Gut. 2005;
54:1661–1662.

CONFLICTS OF INTEREST
None.

15. Maisonneuve P, Marshall BC, Knapp EA, Lowenfels AB.
Cancer risk in cystic fibrosis: a 20-year nationwide study from
the United States. J Natl Cancer Inst. 2013; 105:122–129.

REFERENCES
1. Lo KW, To KF, Huang DP. Focus on nasopharyngeal
carcinoma. Cancer Cell. 2004; 5:423–428.

16. Maisonneuve P, FitzSimmons SC, Neglia JP, Campbell PW,
3rd and Lowenfels AB. Cancer risk in nontransplanted and
transplanted cystic fibrosis patients: a 10-year study. J Natl
Cancer Inst. 2003; 95:381–387.

2. Lee AW, Sze WM, Au JS, Leung SF, Leung TW, Chua DT,
Zee BC, Law SC, Teo PM, Tung SY, Kwong DL, Lau WH.
Treatment results for nasopharyngeal carcinoma in the
modern era: the Hong Kong experience. Int J Radiat Oncol
Biol Phys. 2005; 61:1107–1116.

17. Gelfond D, Borowitz D. Gastrointestinal complications of
cystic fibrosis. Clin Gastroenterol Hepatol. 2013; 11:333–
342; quiz e330–331.

3. Bensouda Y, Kaikani W, Ahbeddou N, Rahhali R, Jabri M,
Mrabti H, Boussen H, Errihani H. Treatment for metastatic
nasopharyngeal carcinoma. Eur Ann Otorhinolaryngol Head
Neck Dis. 2011; 128:79–85.
4. Caponigro F, Longo F, Ionna F, Perri F. Treatment
approaches to nasopharyngeal carcinoma: a review.
Anticancer Drugs. 2010; 21:471–477.
5. Ma BB, Chan AT. Systemic treatment strategies and
therapeutic monitoring for advanced nasopharyngeal
carcinoma. Expert Rev Anticancer Ther. 2006; 6:383–394.
6. Couzin-Frankel J. Genetics. The promise of a cure: 20 years
and counting. Science. 2009; 324:1504–1507.
www.impactjournals.com/oncotarget

18. Zhang JT, Jiang XH, Xie C, Cheng H, Da Dong J, Wang Y,
Fok KL, Zhang XH, Sun TT, Tsang LL, Chen H, Sun XJ,
Chung YW, et al. Downregulation of CFTR promotes
epithelial-to-mesenchymal transition and is associated with
poor prognosis of breast cancer. Biochim Biophys Acta.
2013; 1833:2961–2969.
19. Xie C, Jiang XH, Zhang JT, Sun TT, Dong JD, Sanders AJ,
Diao RY, Wang Y, Fok KL, Tsang LL, Yu MK, Zhang XH,
Chung YW, et al. CFTR suppresses tumor progression
through miR-193b targeting urokinase plasminogen
activator (uPA) in prostate cancer. Oncogene. 2013;
32:2282–2291, 2291 e2281–2287.
76964

Oncotarget

20. Sun TT, Wang Y, Cheng H, Xiao HZ, Xiang JJ, Zhang JT,
Yu SB, Martin TA, Ye L, Tsang LL, Jiang WG, Xiaohua J,
Chan HC. Disrupted interaction between CFTR and AF-6/
afadin aggravates malignant phenotypes of colon cancer.
Biochim Biophys Acta. 2014; 1843:618–628.

29. Cheng J, Moyer BD, Milewski M, Loffing J, Ikeda M,
Mickle JE, Cutting GR, Li M, Stanton BA, Guggino WB.
A Golgi-associated PDZ domain protein modulates cystic
fibrosis transmembrane regulator plasma membrane
expression. J Biol Chem. 2002; 277:3520–3529.

21. Oh SC, Park YY, Park ES, Lim JY, Kim SM, Kim SB,
Kim J, Kim SC, Chu IS, Smith JJ, Beauchamp RD,
Yeatman TJ, Kopetz S, et al. Prognostic gene expression
signature associated with two molecularly distinct subtypes
of colorectal cancer. Gut. 2012; 61:1291–1298.

30. Singh AP, Moniaux N, Chauhan SC, Meza JL, Batra SK.
Inhibition of MUC4 expression suppresses pancreatic tumor
cell growth and metastasis. Cancer Res. 2004; 64:622–630.
31. Sellers ZM, Naren AP, Xiang Y, Best PM. MRP4 and CFTR
in the regulation of cAMP and beta-adrenergic contraction
in cardiac myocytes. Eur J Pharmacol. 2012; 681:80–87.

22. Li J, Zhang JT, Jiang X, Shi X, Shen J, Feng F, Chen J,
Liu G, He P, Jiang J, Tsang LL, Wang Y, Rosell R, et al. The
cystic fibrosis transmembrane conductance regulator as a
biomarker in non-small cell lung cancer. Int J Oncol. 2015;
46:2107–2115.

32. Conner GE, Ivonnet P, Gelin M, Whitney P, Salathe M.
H2O2 stimulates cystic fibrosis transmembrane conductance
regulator through an autocrine prostaglandin pathway, using
multidrug-resistant protein-4. Am J Respir Cell Mol Biol.
2013; 49:672–679.

23. Xu J, Lin L, Yong M, Dong X, Yu T, Hu L.
Adenovirusmediated overexpression of cystic fibrosis
transmembrane
conductance
regulator
enhances
invasiveness and motility of serous ovarian cancer cells.
Mol Med Rep. 2016; 13:265–272.

33. Li C, Schuetz JD, Naren AP. Tobacco carcinogen NNK
transporter MRP2 regulates CFTR function in lung
epithelia: implications for lung cancer. Cancer Lett. 2010;
292:246–253.

24. Xu J, Yong M, Li J, Dong X, Yu T, Fu X, Hu L. High level
of CFTR expression is associated with tumor aggression
and knockdown of CFTR suppresses proliferation of
ovarian cancer in vitro and in vivo. Oncol Rep. 2015;
33:2227–2234.

34. Anand U, Parikh A, Ugwu MC, Agu RU. Drug transporters
in the nasal epithelium: an overview of strategies in targeted
drug delivery. Future Med Chem. 2014; 6:1381–1397.
35. Zong D, Yin L, Zhong Q, Guo WJ, Xu JH, Jiang N, Lin ZR,
Li MZ, Han P, Xu L, He X, Zeng MS. ZNF 488 Enhances
the Invasion and Tumorigenesis in Nasopharyngeal
Carcinoma via the Wnt Signaling Pathway Involving
Epithelial Mesenchymal Transition. Cancer Res Treat. 2015.

25. Peng X, Wu Z, Yu L, Li J, Xu W, Chan HC, Zhang Y,
Hu L. Overexpression of cystic fibrosis transmembrane
conductance regulator (CFTR) is associated with human
cervical cancer malignancy, progression and prognosis.
Gynecol Oncol. 2012; 125:470–476.

36. Wang HB, Zhang H, Zhang JP, Li Y, Zhao B, Feng GK,
Du Y, Xiong D, Zhong Q, Liu WL, Du H, Li MZ,
Huang WL, et al. Neuropilin 1 is an entry factor that
promotes EBV infection of nasopharyngeal epithelial cells.
Nat Commun. 2015; 6:6240.

26. Qin L, Yin YT, Zheng FJ, Peng LX, Yang CF, Bao YN,
Liang YY, Li XJ, Xiang YQ, Sun R, Li AH, Zou RH,
Pei XQ, et al. WNT5A promotes stemness characteristics
in nasopharyngeal carcinoma cells leading to metastasis
and tumorigenesis. Oncotarget. 2015; 6:10239–10252. doi:
10.18632/oncotarget.3518.

37. Cao JY, Liu L, Chen SP, Zhang X, Mi YJ, Liu ZG, Li MZ,
Zhang H, Qian CN, Shao JY, Fu LW, Xia YF, Zeng MS.
Prognostic significance and therapeutic implications of
centromere protein F expression in human nasopharyngeal
carcinoma. Mol Cancer. 2010; 9:237.

27. Kam MK, Teo PM, Chau RM, Cheung KY, Choi PH,
Kwan WH, Leung SF, Zee B, Chan AT. Treatment of
nasopharyngeal carcinoma with intensity-modulated
radiotherapy: the Hong Kong experience. Int J Radiat Oncol
Biol Phys. 2004; 60:1440–1450.

38. Xu J, Yue CF, Zhou WH, Qian YM, Zhang Y, Wang SW,
Liu AW, Liu Q. Aurora-A contributes to cisplatin resistance
and lymphatic metastasis in non-small cell lung cancer and
predicts poor prognosis. J Transl Med. 2014; 12:200.

28. Jeong KW, Kim HZ, Kim S, Kim YS, Choe J. Human
papillomavirus type 16 E6 protein interacts with cystic
fibrosis transmembrane regulator-associated ligand and
promotes E6-associated protein-mediated ubiquitination
and proteasomal degradation. Oncogene. 2007; 26:487–499.

www.impactjournals.com/oncotarget

76965

Oncotarget

