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Abstract. Nucleolin (C23, NCL) mRNA was up-regulated in 
nasopharyngeal carcinoma (NPC) cells compared to that of 
normal nasomucosal (NNM) cells using a cDNA microarray 
approach. The level of nucleolin protein was also up-regulated 
in 13 NPC cell lines, 30 biopsy specimens and nine other 
cancer cell lines compared to five NNM cells or normal 
stromal cells, which were analyzed using immunoblotting or 
immunohistochemistry. We transfected nucleolin antisense 
oligodeoxynucleotides (phosphorothioate-modified oligode-
oxynucleotides; S-ODNs) into NPC-TW01 cells to knockdown 
nucleolin expression to evaluate the function of nucleolin in 
cancer cells. Nucleolin knockdown induced NPC cells but 
not NNM cells to undergo apoptosis. Furthermore, treatment 
of NPC-TW01 xenograft tumors with nucleolin antisense 
oligodeoxynucleotides suppressed the growth of xenograft 
tumors without obvious side effects. Therefore, we suggest that 
nucleolin may be a potential cancer therapeutic target and that 
nucleolin antisense oligodeoxynucleotides may be used as a 
potential drug for therapy in NPC.

Introduction

Cancer is the one of the top 10 causes of death in developed 
countries. The trends for cancer case numbers, morbidity and 

mortality are rising in developing countries. Cancer caused 7.6 
million deaths (~13% of all deaths) in the world in 2008 (1). 
The fight against cancer is a worldwide issue. To obtain a better 
understanding of the characteristics of cancer, we have previ-
ously established ten nasopharyngeal carcinoma (NPC) cell 
lines from keratinizing squamous cell carcinoma and undif-
ferentiated carcinoma, which are designated as NPC-TW01 to 
NPC-TW10. All of the carcinomas were derived from Chinese 
patients living in Taiwan (2,3). To define the alteration of gene 
expression between NPC cells and normal cells, mRNA from 
NPC cells and normal cells was previously analyzed using 
cDNA microarray (4), which showed that nucleolin is mark-
edly up-regulated in NPC cells.

Nucleolin, which is also known as C23 or NCL, is a phospho-
protein with many functions, such as acting as an RNA-binding 
protein, an autoantigen, a transcriptional repressor, a DNA and 
RNA helicase as well as a DNA-dependent ATPase (5,6). The 
synthesis of nucleolin is positively correlated with increased 
rates of cell division. Therefore, nucleolin levels are high in 
tumors or other rapidly dividing cells and are present at low 
levels in normal or quiescent cells (7-10). Nucleolin may 
play an important role in tumorigenesis. Therefore, we used 
nucleolin antisense oligodeoxynucleotides to knockdown 
nucleolin expression to determine the function of nucleolin in 
NPC cells.

Antisense strategies such as ribozymes, oligodeoxynucleo-
tides (ODNs), microRNA (miRNA) and small interfering 
RNA (siRNA) can be used for cancer therapy (11,12). The 
oligodeoxynucleotide antisense method is a well-built tech-
nology in our laboratory (13) and is currently one of advanced 
treatments in drug clinical trials (14-17). In the present study, 
we investigated the nucleolin mRNA and protein expression in 
NPC cell lines, biopsy specimens and other cancer cell lines. 
Since nucleolin expression was up-regulated in the cell lines 
and biopsy specimens, we used nucleolin antisense oligodeoxy-
nucleotides to knock down nucleolin. Nucleolin knockdown by 
nucleolin antisense oligodeoxynucleotides induced apoptosis 
in cancer cells but not in normal cells. Treatment with nucle-
olin antisense oligodeoxynucleotides suppressed xenograft 
tumor growth. Therefore, nucleolin and nucleolin antisense 
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oligodeoxynucleotides may have potential applications in 
nasopharyngeal carcinoma therapy.

Materials and methods

Cell lines. The following cell lines were used for this study: 
NPC-TW01 to NPC-TW10, which are nasopharyngeal carci-
noma cell lines that were established in our laboratory (2,3); 
NPC-BM-1, which is a bone marrow metastatic nasopharyn-
geal carcinoma cell line that was established by Dr S.K. Liau 
of Chang-Gung University (18); NPC-HONE1 (19) and 
NPC-CNE-1 (20), which are nasopharyngeal carcinoma cell 
lines that were originally established in China; and NNM-9, 
-11, -12, -13 and -14, which are five primary cultures of normal 
nasomucosal epithelia that were established in our laboratory 
from nasal polyps provided by Dr C.M. Liu in the Department 
of Otolaryngology at the National Taiwan University Hospital. 
The culture conditions were based on our previously published 
method (3). The following cell lines were also used: SKOV3, 
which is a human ovarian cancer cell line (ATCC HTB-77); 
SW620, which is a human colon cancer cell line (ATCC 
CCL-227); SAS, which is a human tongue carcinoma cell line 
(JCRB0260); Ca 9-22, which is a human gingival carcinoma cell 
line (JCRB0625); Cal-27, which is a human tongue carcinoma 
cell line (ATCC CRL-2095); THP-1, which is a human acute 
monocytic leukemia cell line (ATCC TIB-202); Ca Ski, which is 
a human cervical carcinoma cell line (ATCC CRM-CRL-1550); 
CL1-5, which is a human pulmonary adenocarcinoma cell line 
(21); and PC-3, which is a human prostate carcinoma cell line 
(ATCC CRL-1435). The use of nasal polyps and human cancer 
cell lines was approved by the IRB at the National Taiwan 
University Hospital, Taiwan.

Immunohistochemical and histopathological staining. The 
paraffin sections of NPC biopsy specimens were immuno-
stained using the mouse monoclonal antibody against human 
nucleolin, which was kindly provided by Dr L.S. Yeh of the 
Institute of Immunology at the College of Life Science at the 
National Yang-Ming University, Taiwan (22), according to 
routine immunoperoxidase procedures. The paraffin sections 
from nucleolin antisense and sense oligodeoxynucleotide-
treated NPC xenograft tumors were subjected to hematoxylin 
and eosin (H&E) staining.

Transfection of nucleolin antisense and sense oligodeoxy-
nucleotides. The nucleolin antisense oligodeoxynucleotides 
(5'-atgatggcggcggagtgtga-3') and sense oligodeoxynucleotides 
(5'-tcacactccgccgccatcat-3') were phosphorothioate-modified 
oligodeoxynucleotides (S-ODNs). They were synthesized by 
Sigma-Genosys (Sigma-Aldrich, MO, USA). A total of 1.5x105 
cells were seeded in each well of a 6-well culture plate in 1 ml of 
normal culture medium for oligodeoxynucleotide transfection. 
The oligodeoxynucleotide transfection mixture was prepared 
by diluting 1 µl of 50 µM oligodeoxynucleotides in 100 µl of 
Opti-MEM I reduced serum medium (Gibco, Gaithersburg, 
MD, USA). A total of 6 µl of HiPerFect transfection reagent 
(Qiagen, Valencia, CA, USA) was added to the diluted oligo-
deoxynucleotides and mixed by vortexing. After incubating 
for 10 min at room temperature, normal culture medium was 
added to the mixture to bring the final volume to 1 ml. The 

oligodeoxynucleotide transfection mixture was added to the 
well containing cells and mixed gently. The culture medium 
in all of the experimental groups was changed after 24 h to 
normal culture medium and re-transfected.

Quantitative RT-PCR. For mRNA quantification, total RNA 
was extracted using TRIzol (Invitrogen, Gaithersburg, MD, 
USA) and reverse transcribed using Superscript III (Invitrogen). 
The quantitative real-time polymerase chain reaction (qRT-
PCR) experiments were performed using the ABI Power SYBR 
Green PCR Master mix with the ABI 7500 Real-Time PCR 
System (Applied Biosystems, Austin, TX, USA). All of the 
experimental protocols were performed according to the manu-
facturer's instructions. For qRT-PCR, we used the following 
primers: nucleolin-F 5'-gcacttggagtggtgaatcaaa-3', nucleolin-R 
5'-aaatgcataccctttagatttgcc-3'; GAPDH-F 5'-gcaccgtcaaggc 
tgagaa-3', GAPDH-R 5'-agggatctcgctcctggaa-3'; β-actin-F 
5'-ctcaggaggagcaatgatcttgat-3', and β-actin-R 5'-acgtggacatcc 
gcaaagac-3'.

Apoptosis assay. The morphological features of cell apoptosis 
were observed using Astec CCM-Multi microscopy (Astec, 
Fukuoka, Japan). Phosphatidylserine was stained using an 
Annexin V-FITC assay kit (Serotec, Raleigh, USA). DNA frag-
ments were stained using a DeadEnd Fluorometric TUNEL 
system (Promega, Madison, WI, USA). Annexin V and 
TUNEL staining were imaged using Zeiss Axiovert 200 M 
fluorescence microscopes and analyzed using MetaMorph 7.0 
software. All of the experimental processes were performed 
according to the manufacturer's instructions.

Animal experiments. SCID mice (females, 4-6 weeks old) were 
purchased from the Laboratory Animal Center at the National 
Taiwan University Hospital. Cultured NPC-TW01 cells were 
subcutaneously injected (1x107 cells) into the right flank. When 
the xenograft tumor reached a size of 0.5-0.7 cm3, the mice were 
randomly divided into three groups as follows: antisense, sense 
and PBS. Each group contained four mice. Each of the first two 
groups was intravenously injected every 2 days for 4 weeks 
through the tail vein with 10 mg/kg of antisense or sense oligo-
deoxynucleotides, respectively. The control group was injected 
with PBS solution. Animals were inspected daily for tumor 
development. Growing tumors were measured using a caliper, 
and the tumor volume was calculated using the following 
formula: length x width2 x 0.52, which approximates the volume 
of an elliptical solid mass. The animals were sacrificed at day 
38. The xenograft tumors were examined using qRT-PCR 
analysis, immunoblotting or histopathological observation. The 
use of animals was approved by the Institutional Animal Care 
and Use Committee at the College of Medicine at the National 
Taiwan University.

Results

Nucleolin is up-regulated in NPC cell lines, biopsy specimens 
and other cancer cell lines. Previously, we analyzed the mRNA 
expression profiles between nasopharyngeal carcinoma (NPC) 
cells and normal nasomucosal (NNM) cells using a cDNA 
microarray approach. Since nucleolin mRNA was up-regulated 
in NPC cells, we tested whether the level of nucleolin protein 
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was also up-regulated in NPC cell lines and in other cancer 
cell lines using immunoblotting. The nucleolin protein levels 
in 13 NPC cell lines (Fig. 1A) and nine other cancer cell 
lines (Fig. 1B) were up-regulated compared to those of five 
NNM cells. To verify the up-regulation of nucleolin protein 
expression in human cancer tissue, immunohistochemistry 
against nucleolin was performed in 30 NPC biopsy specimens. 
Nucleolin protein was strongly expressed in tumor cells but 
weakly or not expressed in normal stromal cells (Fig. 2).

Nucleolin antisense oligodeoxynucleotides knock down the 
nucleolin expression and decrease viability in NPC-TW01 cells, 
but not NNM cells. Since nucleolin expression was up-regulated 
in NPC cancer cells, we knocked down nucleolin using nucle-

olin antisense oligodeoxynucleotides to observe the influence 
of down-regulated nucleolin in cancer cells. After NPC-TW01 
cells were transfected with nucleolin antisense oligodeoxy-
nucleotides, we analyzed nucleolin mRNA using qRT-PCR 
(Fig. 3A) and nucleolin protein using immunoblotting (Fig. 3B). 
The results show that nucleolin antisense oligodeoxynucleotides 
dramatically knocked down nucleolin mRNA and protein 
expression. After the transfection of nucleolin antisense oligo-
deoxynucleotides, we demonstrated that nucleolin antisense 
oligodeoxynucleotides, but not nucleolin sense oligodeoxy-
nucleotide, affected the viability of NPC-TW01 cells (Fig. 4A). 
We tested other cell lines such as NPC-TW02, NPC-TW06, 
SKOV3, SW620, SAS and PC-3 cells, which confirmed that 
the transfection of nucleolin antisense oligodeoxynucleotides 
decreased cell viability (data not shown). Furthermore, nucleolin 
antisense oligodeoxynucleotides did not affect the viability of 
NNM cells (Fig. 4B).

Transfection of nucleolin antisense oligodeoxynucleotides 
induces NPC-TW01 cells to undergo apoptosis. To investigate 
the mechanism of nucleolin antisense oligodeoxynucleotide-
induced decreases in cell viability, NPC-TW01 cells were 
transfected with nucleolin antisense oligodeoxynucleotides and 
observed using microscopy. We found that apoptotic bodies 
were apparent in nucleolin antisense oligodeoxynucleotide-

Figure 1. Immunoblot analyses of nucleolin protein expression in nasopha-
ryngeal carcinoma (NPC) cell lines, normal nasomucosal (NNM) cells and 
other cancer cell lines. (A) All of the 13 NPC cell lines reveal strong bands 
indicating nucleolin protein expression, whereas five NNM cell lines have 
undetectable or weak bands. (B) Nucleolin protein levels in nine cancer cell 
lines are stronger compared to those of five NNM cell lines. The 57-kDa band 
of α-tubulin was used as an internal control.

Figure 2. Immunohistochemistry showing nucleolin protein staining in 
human nasopharyngeal carcinoma (NPC) biopsy specimen. Most tumor 
cells in the NPC biopsy specimen display strong nucleolin reaction products, 
whereas the normal stromal cells show weak staining or unstained areas.

Figure 3. Transfection of nucleolin antisense oligodeoxynucleotides down-
regulates nucleolin mRNA and protein. NPC-TW01 cells were transfected 
with nucleolin antisense or sense (negative control) oligodeoxynucleotides. 
After transfection for 24 h, total RNA was isolated from these cells, quan-
titated and compared using qRT-PCR, normalized to GAPDH mRNA (A). 
After 48 h, the total proteins were analyzed by immunoblotting (B). The 
results show that nucleolin antisense oligodeoxynucleotides dramatically 
inhibited nucleolin mRNA and protein expression. ***Comparison between 
two groups as indicated, p<0.001. Error bars correspond to the mean ± SD.
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transfected cells (Fig. 5A). Furthermore, we confirmed the 
apoptosis by Annexin V and TUNEL staining. The nucleolin 
antisense oligodeoxynucleotide-transfected cells displayed 
Annexin V- and TUNEL-positive staining, whereas the 
nucleolin sense oligodeoxynucleotide-transfected cells and 
the untransfected cells showed Annexin V- and TUNEL-
negative staining (Fig. 5B and C). These results indicate that 
trans fection of nucleolin antisense oligodeoxynucleotides may 
induce apoptosis in NPC-TW01 cells.

Nucleolin antisense oligodeoxynucleotides suppress NPC-TW01 
xenograft tumor growth. To assess the effect of nucleolin 
antisense oligodeoxynucleotides on apoptosis in vivo and 
its potential application for cancer therapy, we implanted 
NPC-TW01 cells into SCID mice. The NPC-TW01 xenograft 
tumors were treated with nucleolin antisense oligodeoxynucleo-
tides, nucleolin sense oligodeoxynucleotides and PBS. The 
results indicate that treatment with nucleolin antisense oligode-
oxynucleotides suppresses NPC-TW01 xenograft tumor growth 
(Fig. 6A and B). The mice treated with nucleolin antisense 
oligodeoxynucleotides had no obvious side effects such as tired-
ness, nausea, loss of appetite, constipation, diarrhea or hair loss 
(Fig. 6C). The xenograft tumor sections were obtained from 
nucleolin antisense oligodeoxynucleotide-treated mice and 
observed after H&E staining, which indicated marked necrosis 
and apoptotic tumor cells in the tumor (Fig. 6D). However, the 
nucleolin sense oligodeoxynucleotide-treated tumor sections 
showed many mitotic cells and few apoptotic cells in the tumor 
(Fig. 6E). Total RNA and proteins were extracted from the 
xenograft tumors that were treated with nucleolin antisense 
and sense oligodeoxynucleotides. We subsequently analyzed 
the nucleolin expression using qRT-PCR and immunoblotting. 
The results show that nucleolin mRNA and protein expression 
levels of nucleolin antisense oligodeoxynucleotide-treated 
xenograft tumors were down-regulated compared to those of 
nucleolin sense oligodeoxynucleotide-treated xenograft tumors 
(data not shown).

Discussion

In the analysis of microarray data from the NPC cells and 
normal cells (4), we found that nucleolin is a highly expressed 
gene in NPC cells. In addition, nucleolin expression levels are 
increased in many tumor cells and rapidly dividing cells (8-10). 
Therefore, we investigated whether nucleolin was also highly 
expressed in human NPC biopsy specimens. The results from 
our immunoblotting analysis indicate that nucleolin expression 
in different NPC cell lines, other cancer cell lines and biopsy 
specimens was up-regulated. However, normal and stromal 
cells revealed very weak or no expression of nucleolin. These 
findings suggest that nucleolin expression may be used as a 
pathologic diagnostic biomarker.

In the current study, we compared nucleolin antisense 
oligodeoxynucleotides with commercial nucleolin siRNA 
(Qiagen, cat. SI00300923). After transfection for 24 h, we 
determined the down-regulation of nucleolin mRNA using 
qRT-PCR. The nucleolin antisense oligodeoxynucleotides 
and nucleolin siRNA had similar effects, knocking down 
nucleolin mRNA expression. Transfection of nucleolin sense 
oligodeoxynucleotides and negative control siRNA (Qiagen, 
cat. 1027281) did not affect nucleolin mRNA expression. 
Transfection of nucleolin antisense oligodeoxynucleotides 
down-regulated nucleolin mRNA, had no effect on β-actin 
and GAPDH mRNA and up-regulated TNF-α mRNA  
(data not shown). Therefore, our transfection conditions did 
not introduce off-target effects. Transfection of nucleolin anti-
sense oligodeoxynucleotides up-regulated the mRNA of some 
pro-apoptotic genes such as TNF-α. We intend to verify the 
pathway network between nucleolin and pro-apoptotic genes 
in the near future.

Figure 4. Nucleolin antisense oligodeoxynucleotides decrease cell viability 
in NPC-TW01 (nasopharyngeal carcinoma) cells but not NNM (normal 
nasomucosal) cells. (A) NPC-TW01 cells were transfected with nucleolin 
antisense or sense oligodeoxynucleotides. Cell viability was evaluated using 
the MTT assay at different time points. The comparison of cell viability 
at 1 and 5 days after transfection indicates that cell viability is reduced in 
nucleolin antisense oligodeoxynucleotide-transfected cells but not nucleolin 
sense oligodeoxynucleotide-transfected cells. The comparison of cell 
viability at 5 days after transfection demonstrates that nucleolin antisense 
oligodeoxynucleotides but not nucleolin sense oligodeoxynucleotides affect 
cell viability. ***Comparison between two groups as indicated, p<0.001. 
Error bars correspond to the mean ± SD. (B) NPC-TW01 cells or NNM cells 
were transfected with nucleolin antisense oligodeoxy nucleotides. Cell via-
bility was evaluated using the MTT assay at different time points. Nucleolin 
antisense oligodeoxynucleotides affect cell viability in NPC-TW01 cells but 
not NNM cells. ***Comparison between two groups as indicated, p<0.001. 
Error bars correspond to the mean ± SD.
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In this study, transfection of nucleolin antisense oligo-
deoxynucleotides induced NPC-TW01 cells to undergo 
apoptosis. There are some reports that explain the molecular 
mechanism as follows: nucleolin stabilizes bcl-2 mRNA by 
binding bcl-2 mRNA 3'UTR AU-rich elements (23-25), nucle-
olin binds to p53 5'UTR and suppresses p53 translation and 
nucleolin down-regulation promotes p53 expression and induces 

apoptosis (26). In the absence of nucleolin, pre-ribosomal RNA 
and nucleolar structures accumulate, cell growth is arrested at 
the G2 phase, and the incidence of apoptosis increases (27).

Preliminary observations indicate that the mice treated 
with nucleolin antisense oligodeoxynucleotides displayed 
no obvious side effects. It is possible that some of the potential 
side effects were difficult to observe based on the external signs 

Figure 5. Transfection of nucleolin antisense oligodeoxynucleotides induces apoptosis in NPC-TW01 cells. From left to right: transfection with nucleolin anti-
sense oligodeoxynucleotides, transfection with nucleolin sense oligodeoxynucleotides (negative control), and untransfected (blank control) NPC-TW01 cells. 
(A) The morphology was observed using microscopy after a 72-h transfection. Apoptotic bodies are apparent in nucleolin antisense oligodeoxynucleotide-
transfected cells. (B) After transfection for 24 h, the cells were subjected to Annexin V staining. (C) After transfection for 48 h, the cells were subjected to 
TUNEL staining. The nucleolin antisense oligodeoxynucleotide-transfected cells display Annexin V- and TUNEL-positive staining, whereas the nucleolin 
sense oligodeoxynucleotide-transfected cells and untransfected cells show Annexin V- and TUNEL-negative staining.
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and behavior of the mouse. Therefore, further investigation is 
required to obtain a detailed observation. In the current study, we 
only tested NPC-TW01 xenograft tumors. However, other cancer 

cell line-based xenograft tumors should be tested to evaluate the 
therapeutic effect of nucleolin antisense oligodeoxynucleotides 
in the future.

Figure 6. Nucleolin antisense oligodeoxynucleotides suppress NPC-TW01 xenograft tumor growth. Mice bearing NPC-TW01 xenograft tumors were 
randomly divided into three groups: antisense, sense and PBS. The tumor volume was measured and is shown in (A). After sacrificing the mice, the xenograft 
tumors were isolated (B). The mice bearing NPC xenograft tumors are shown (C). The xenograft tumors obtained from antisense oligodeoxynucleotide-treated 
mice are smaller than those of sense oligodeoxynucleotide-treated and PBS-treated mice. The NPC xenograft tumor sections from nucleolin antisense oligode-
oxynucleotide- and nucleolin sense oligodeoxynucleotide-treated mice were analyzed using histopathological methods (H&E stain). (D) In a mouse xenograft 
tumor treated with nucleolin antisense oligodeoxynucleotides, an ulcerated skin xenograft nodule display marked tumor necrosis (left panel: low magnification) 
with numerous apoptotic tumor cells (right panel: high magnification). (E) In a mouse xenograft tumor treated with nucleolin sense oligodeoxynucleotides, the 
xenograft tumor section show proliferating keratinizing squamous cell carcinoma (left panel: low magnification; right panel: high magnification).
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In summary, our results show that nucleolin mRNA and 
protein expression levels are up-regulated in NPC cells, NPC 
biopsy and other cancer cell lines. Transfection of nucleolin anti-
sense oligodeoxynucleotides induces apoptosis in NPC-TW01 
cells and suppresses the growth of NPC-TW01 xenograft tumors. 
Nucleolin and nucleolin antisense oligodeoxynucleotides may 
have potential applications in nasopharyngeal carcinoma and 
other cancer therapies.
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