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Abstract. In this study, we investigated the expression of
14-3-30 tumor suppressor gene in a panel of NPC cell lines,
xenografts and primary tumors. Our objective was to determine
the correlation between 14-3-30 expression and clinical
outcome in NPC. We detected reduced 14-3-3¢ expression
in 5/6 NPC tumor lines by quantitative RT-PCR and Western
blotting. By immunohistochemical staining, significant down-
regulation of 14-3-30 was also found in 26/72 (36.1%) primary
tumors of NPC patients, who were treated with curative
radiotherapy. Promoter methylation was confirmed in a subset
of primary tumors by methylation-specific PCR analysis.
Importantly, we demonstrated that 14-3-30 expression is
significantly associated with both overall survival (OS) and
cancer-specific survival (CSS), but not with the clinical staging
of NPC patients. The low 14-3-3¢ expression was associated
with improved overall (p=0.029) and cancer-specific survival
(p=0.042) on univariate analysis. 14-3-3¢ expression and
staging were also independent variables to all the prognostic
factors under multi-variate analysis. In conclusion, low
expression of 14-3-30 appears to be a valuable marker for
better survival in patient with NPC. These results provide the
evidence that 14-3-3¢ expression is a significant prognostic
factor for NPC patients.
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Introduction

14-3-3 proteins are a family of highly conserved 28-33 kDa
acidic proteins expressed in a wide range of organisms and
tissues. These dimeric proteins can modulate the function
of their target proteins mostly by binding with their specific
phosphor-serine/threonine containing motifs. Through its
ability to bind and regulate various targets, 14-3-3 proteins
play key roles in multiple cellular processes including cell
cycle control, checkpoints activation, signal transduction,
apoptosis, transcription and translation regulation (1-4). In
mammalian species, the 14-3-3 protein family consists of
seven different isoforms (B, v, €, n, o, T, ) encoded by distinct
genes (1). Among them, 14-3-30 (also called stratifin) is
regarded as a potential tumor suppressor gene and is strongly
implicated in cancer development. Its transcription is
commonly silenced in various cancers including breast
cancer, gastric adenocarcinoma, liver cancer, bladder cancer,
small cell lung carcinoma and certain squamous cell carcinoma
by promoter hypermethylation. Epigenetic inactivation of
14-3-30 has been demonstrated to be a very early event in
breast cancer development (5,6). The protein is activated by
tumor suppressor protein, p53, in response to ionizing radiation
and DNA-damaging agents (7). 14-3-30 can act as a negative
regulator of the cell cycle by modulating the function of
multiple cycle cycle components, e.g. CDC2, cyclinB1, cyclin
dependent kinase 2 (CDK2) and cyclin dependent kinase 4
(CDK4). Increased genomic instability was also found in
the cancer cells with 14-3-3¢ silencing (8,9). In addition to
these functions, 14-3-3c has an anti-apoptotic role through
preventing the formation of Bad/Bcl-xL complex and mito-
chondria translocation of Bax (10,11).

Nasopharyngeal carcinoma (NPC) is an Epstein-Barr virus
(EBV) -associated epithelial malignancy that is prevalent in
Southern China and Southeast Asia. In addition to EBV
infection, multiple genetic and epigenetic alterations
contribute to the transformation of nasopharyngeal epithelial
cells (12). Yang et al have shown a link between loss of
14-3-30 function and cell transformation in poorly and well
differentiated NPC cell lines (13). They showed that 14-3-30
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Table I. Clinical characteristics of NPC patients.

Characteristics No. of patients Percentage
(n=72)

Age (years)
<40 15 20.8
40-50 31 43.1
51-60 15 20.8
>60 11 15.3
Range: 19-85
Median: 48.6+12.1

Gender
Male 53 73.6
Female 19 264

UICC stage
I 5 6.9
11 33 458
m 19 264
1AY 15 20.8

inactivated AKT activity and inhibited oncogene-activated
tumorigenicity in NPC cell lines. In this study, we explored
the mechanism for 14-3-30 repression and its prognostic
value in the patients with EBV-positive undifferentiated
NPC.

Materials and methods

Cell lines, xenografts and tumor specimens. Two NPC cell
lines (C666-1, HK-1) and 4 xenografts (xeno-666, xeno-
2117, C15, and C17) were included in this study. Except
HK-1, all of the tumor lines were EBV-positive and reported
to be derived from undifferentiated NPCs (14-17). The EBV-
positive NPC cell line C666-1 was established from xeno-
666 in our laboratory (15). HK-1 is an EBV-negative cell
line from a recurrent well-differentiated tumor (14). An
immortalized normal nasopharyngeal epithelial cell line NP460
served as the controls in this study (18). The immortalized
nasopharyngeal cells NP460 and NPC cell lines were
grown in defined keratinocyte SFM medium and RPMI-1640
with 10% fetal bovine serum (Invitrogen, Carlsbad, CA),
respectively.

A total of 72 cases of formalin-fixed paraffin-embedded
undifferentiated NPC were recruited from the Department of
Anatomical and Cellular Pathology at the Prince of Wales
Hospital, The Chinese University of Hong Kong for retro-
spective study. All of these samples were reviewed by two
independent pathologists as undifferentiated NPC according
to the WHO classification. The clinical parameters are
summarized in Table 1. The age of the patients ranged from
19 to 85 years with a median age of 48.6 years. Seventy-four
percent were men (53 of 72) and 26% were women (19 of
72). They were classified as 5 in Stage 1, 33 in stage 2, 19 in
stage 3 and 15 in stage 4 according to the fifth (1997) edition
of the UICC-American Joint Committee on Cancer staging
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Figure 1. Expression of 14-3-30 in NPC. (a) Quantitative RT-PCR analysis

of 14-3-30 in NPC cell lines and xenografts. Reduced expression of /4-3-30
was found in all tumor lines as compared with the normal nasopharyngeal

cells. (b) Western blot analysis showed reduce expression of 14-3-30 in all
NPC tumor lines except xeno-2117.

criteria (19). All these patients received standard radiotherapy
only and with a median follow-up of 5 years.

Quantitative RT-PCR. Total RNA was extracted from the cell
lines and xenografts using TRIzol reagent (Invitrogen). For
real-time quantitative RT-PCR analysis, the samples were
analyzed as described previously (20). The primers used
include 14-3-30-F (5'-AGAAAAGCAACGAGGAGGG-3'),
14-3-30-R (5'-ATCTCGTAGTGGAAGACGGAAA-3"). The
primers for control B-actin transcripts are B-actin-F (5'-CGC
GAGAAGATGACCCAGAT-3") and B-actin-R (5'GTACG
GCCAGAGGCGTACAG-3"). The PCR conditions were:
1 cycle of 95°C for 12 min; 35 cycles of 95°C for 30 sec,
60°C for 30 sec, 72°C for 1 min and 1 cycle of 72°C for 7 min.
All reactions were performed in triplicate. The relative mRNA
level of 14-3-3¢ of each sample was normalized with B-actin
and calculated using the 2[-Delta Delta C(T)] method as
described (20).

Western blotting. The expression of 14-3-3¢ in NPC cell
lines and xenografts was investigated by Western blotting as
dsecribed (21). Anti-14-3-30 monoclonal antibody at dilution
1:1000 (clone AB9742, Chemicon, The Netherlands) and
anti-actin polyclonal antibody at dilution 1:500 (Santa Cruz
Biotechnology, Santa Cruz, CA) were used in our study.

Immunohistochemistry analysis. To examine 14-3-30
expression in primary tumors, immunohistochemical staining
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Figure 2. Expression of 14-3-30 in normal nasopharyngeal epithelia and primary NPC tumors. (a) By immunohistochemical staining, strong positive signal of

14-3-30 was detected in the membrane and cytoplasm of normal nasopharyngeal epithelial cells (NP-1, NP-2) but not in the adjacent stromal tissues. (b)

While high 14-3-30 expression was consistently observed in adjacent normal epithelium, strong and weak 14-3-30 signals were found in the cancer cells (red

arrows) of primary tumors, NPC-T9 and NPC-T1, respectively. (c) and (d) shows, respectively, the represent tumor cases with high and moderate 14-3-30

expression. (e) Weak or absence of 14-3-30 expression were demonstrated in primary tumors NPC-T11 and NPC-T7.

was carried out on 4 ym formalin fixed, paraffin-embedded
tissue sections as described (21). Monoclonal antibody to
human 14-3-30 (clone 1433S01, RDI, Concord, MA) was
used at a dilution of 1:100. A semiquantitative four-tiered
system (0 to 3) was adopted to score the degree of immuno-
staining of 14-3-3c. The scoring of immunohistochemical
staining takes into account both the extensiveness and
intensity of staining. The extensiveness with score 0-3 is
defined as score 0 = 0%, score 1 = >0% to <30%, score 2 =
30% to <60%, score 3 = 60% or above. An intensity score is
assigned to each sample with score 0 = absence of staining
and score 1-3 corresponding to weak, moderate and strong
staining. The total score corresponds to the products of
extensiveness and intensity. Thus, the maximum score is 3 x
3 = 9 and minimum score is 0 x 0 = 0. Areas of necrosis or
fibrosis were excluded. All the slides were reviewed
independently by two pathologists.

Statistical analysis. The cancer specific survival was calculated
using the Kaplan-Meier method and the comparison between
patients with different stages was performed with the log-
rank test. Cox's proportional hazards modeling of factors
potentially related to survival was performed to identify
which factors might have a significant influence on survival.
P<0.05 were considered to be statistically significant.
Statistical analyses were performed using SPSS 13.0.0 (SPSS
Inc., Chicago, IL, USA).

Methylation-specific PCR (MSP). The promoter methylation
of 14-3-30 of the tumor samples was examined by MSP
analysis as described (20). Briefly, 1 ug of genomic DNA
extracted from the NPC samples was treated with sodium
bisulfite using the CpGenome DNA modification kit (Intergen,
Burlington, MA). Primers specific for methylated sequence
(sense 5'-TGGTAGTTTTTATGAAAGGCGTC-3'; antisense
5'CCTCTAACCGCCCACCACG-3") and unmethylated
sequence (sense S'ATGGTAGTTTTTATGAAAGGTGTT-3';
antisense 5'CCCTCTAACCACCCACCACA") yielded PCR
products of 105 and 107 bp, respectively. The PCR conditions
were: 1 cycle of 95°C for 12 min; 30 cycles of 95°C for 30 sec,
60°C for 30 sec and 72°C for 1 min; and 1 cycle of 72°C for
4 min. Universal methylated human male genomic DNA
(Intergen) was used as the positive control.

Results

Expression of 14-3-30 in NPC cell lines. In our recent tran-
scription profiling study, /4-3-30 expression was lower in an
EBV-positive NPC cell line, C666-1, than that in normal
nasopharyngeal epithelial outgrowths (HTMseq, http://bioinfo.
amc.uva.nl/HTMseq/controller). To confirm the down-
regulation of /4-3-30 in NPC, we investigated the /4-3-30
transcription in 6 NPC cell lines and xenografts using quanti-
tative RT-PCR analysis. Decreased expression of /4-3-30
transcripts was found in all NPC tumor lines. In particular,
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Figure 3. Promoter methylation of 7/4-3-30 in NPC. (a) MSP analysis of /4-3-30 promoter in NPC cell lines and xenografts. The PCR products in lanes ‘m’
and ‘v’ indicate the presence of methylated and unmethylated alleles, respectively. Preipheral blood lymphocyte (PBL) served as unmethylated control while

in vitro methylated DNA (IVD) was used as methylated control. None of the NPC cell lines or xenografts showed aberrant methylation of the /4-3-30 gene.
(b) Promoter methylation of /4-3-30° was found in primary tumors. Methylated alleles were detected in five cases with low level of 14-3-3 sigma protein

expression (T-3, T-7, T-11, T13,and T17).

Table II. Statistical relationship between 14-3-3¢ status and UICC stage in 72 NPC patients.

14-3-30 expression (Total score)

Low (0-3) High (4-9) Total (%) P-value
Prognostic variables (n=26; 36.1%) (n=46; 63.9%) (n=72; 100%)
Gender 0.7832
Male 20 33 53 (73.61)
Female 6 13 19 (26.39)
Age (Years) 0.435°
Mean 33.94 37.95 -(-)
UICC stage 0.692¢
I 1 4 5(6.94)
I 12 21 33 (45.83)
11 6 13 19 (26.39)
v 7 8 15 (20.83)

Fisher's exact test; "Mann-Whitney U test; “Chi-square test.

14-3-30 transcription was highly reduced in the tumor lines  Expression of 14-3-30 in primary NPC samples. To elucidate
C666-1, xeno-2117 and C15 (Fig. 1a). Decreased /4-3-30  the expression of 14-3-30 in primary NPCs, immunohisto-
protein expression was also observed in all NPC tumor lines  chemical staining was performed on 72 archival paraffin
except xeno-2117 (Fig. 1b). These findings showed that embedded tumor specimens. Normal nasopharyngeal epithelia
14-3-30 expression is commonly downregulated in NPC cell  adjacent to NPC are strongly positive for 14-3-30 expression.
lines and xenografts. Representative membrane and cytoplasmic staining of 14-3-3¢
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Figure 4. Kaplan-Meier survival curves for 14-3-30 and staging. (a) Overall survival (OS) of 72 NPC patients stratified by 14-3-30 expression level. The

survival period of the patients with high 14-3-30 expression (total score =3) is significantly shorter than that of the patients with low 14-3-30 expression (total

score <3) (p=0.029 log rank). (b) Positive 14-3-30 expression (p=0.042 log rank) was significantly correlated with shorter cancer specific survival (CSS). A
Kaplan-Meier plot for (c) overall survival (OS) and (d) cancer specific survival (CSS) as a function of staging, for the 72 patients in this study. Significant

association between staging and OS (p=0.013) and CSS (p=0.01) are shown.

in a normal nasopharyngeal epithelium was demonstrated in
Fig. 2a. The 14-3-30 positive malignant cells also display
both membrane and cytoplasmic staining similar to that in
the normal epithelium (Fig. 2b). Reactive lymphocytes and
the adjacent connective tissue are negative for 14-3-3¢ in all
cases.

Among the 72 cases of primary undifferentiated NPCs,
various 14-3-3¢ staining patterns were observed. Fig. 2¢ and
2d show the cases with strong and moderate 14-3-3¢
immunoreactivity, respectively. Representative cases with
weak or absence of 14-3-3¢ expression are illustrated in
Fig. 2e. Based on the semiquantative four-tiered system, 26
(36.1%) cases showed significant downregulation of 14-3-30
expression which is defined as having a total score of <3.
This result showed that loss of 14-3-3¢ expression occurred
in a subset of primary tumors.

Aberrant methylation of 14-3-30 in NPC. To explore the
mechanism responsible for the downregulation of 14-3-3¢ in
NPC, we have investigated the methylation status of 14-3-3¢

CpG islands in the 2 NPC cell lines, 4 xenografts, and 18
primary tumors by MSP assay. Transcriptional silencing of
14-3-30 by promoter hypermethylation is common in multiple
human cancers. In primary NPCs, we detected promoter
hypermethylation of 14-3-3¢ in 11/18 (63%) cases. Among
these 11 cases, 5 show absence or weak 14-3-3¢ expression
(total score: <3) while 4 cases show moderate expression. In
2 methylated cases with high score for 14-3-3¢ staining,
heterogeneous loss of 14-3-3 expression were also observed.
Moderate to high 14-3-3 sigma expression were detected in
the 7 cases without promoter methylation. However, the 6
cell lines and xenografts with reduced 14-3-3¢ transcript
expression showed no aberrant methylation in the 5'CpG
island. Promoter hypermethylation was not detected in the
normal nasopharyngeal epithelial cells. The finding suggested
that promoter hypermethylation is one of the mechanisms for
downregulation of 14-3-3c0 in NPC (Fig. 3).

Correlation between 14-3-30 expression and clinical para-
meters. The significance of 14-3-30 expression was analyzed
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in regard to the clinical parameters including age, gender,
clinical stage and survival of NPC patients. Expression of 14-
3-30 in primary NPC was not correlated with age, gender,
and clinical stage of the patients (Table II). However, a
significant correlation between high 14-3-30 expression and
poorer overall survival (OS, p=0.029) was found by Kaplan-
Meier analysis and log-rank test (Fig. 4a). The low 14-3-30
expression group (n=26) had better survival, whereas the
high 14-3-30 expression group (n=46) had a poorer clinical
outcome. Moreover, 14-3-3¢ expression was also associated
with cancer specific survival (p=0.042) (Fig. 4b). The finding
implied that down-regulation of 14-3-3c was a prognostic
marker of NPC patients. Moreover, there was a statistically
significant association between staging and overall survival
(p=0.013) and cancer specific survival (p=0.01) using Kaplan-
Meier analysis and log-rank test (Fig. 4c and d). Under the
Cox regression and multi-variate analysis, 14-3-3¢ expression
and staging were independent variables to all the prognostic
factors.

Discussion

Aberrant 14-3-30 expression is highly implicated in the
development of multiple human cancers. However, its role in
NPC tumorigenesis is unclear. In this study, we found
evidence that the /4-3-30 gene expression is commonly
downregulated at both transcriptional and translational levels
in undifferentiated NPC cells. Previously, we demonstrated
that promoter methylation is the major mechanism for
inactivation of critical tumor suppressors (e.g. p/6, RASSFIA,
TSLCI, and DLECI) in NPC. Loss of 14-3-3¢ expression has
been frequently reported in many human epithelial cancers
including breast, gastric, lung and prostate cancers as a result
of promoter hypermethylation (22-25).

Studies on the precursor lesions of breast and prostate
cancers also suggested that inactivation of the 14-3-3¢ is an
early event during carcinogenesis in these cancers (26,27).
However, only a subset of primary NPC tumors showed the
epigenetic inactivation of 14-3-3¢ in this study. Down-
regulation of 14-3-30 was found in a number of primary
tumors and all tumor lines in which no promoter methylation
was detected. The results implied that other mechanisms for
14-3-30 repression may be involved. For example, modulating
14-3-30 proteolysis by estrogen-responsive finger protein
(Efp) has been reported previously (28). The findings
implied that promoter hypermethylation is only one of the
mechanisms for /4-3-30 suppression in a subset of EBV-
positive primary NPCs.

As a p53-regulator that is involved in DNA damage
induced cell cycle arrest, 14-3-30 protein is considered as a
tumor suppressor for maintaining genetic stability (7). A
recent study on two EBV-negative cell lines (CNE-1 and
CNE-2) containing p53 mutation (p53 Thr280) has demon-
strated that 14-3-30 was able to suppress tumor growth (13).
The group found that 14-3-30 interacted with protein
kinase B/Akt and negatively regulated the activity of Akt.
Therefore, inactivation of 14-3-30 may contribute to the
activation of Akt signaling transduction pathways and
transformation of NPC cells.
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In the current study, we showed that patients with down-
regulation of 14-3-3¢ have a better overall survival and cancer
specific survival. High 14-3-30 expression in the tumor sample
predicts poor outcome of the patients with undifferentiated
NPC. The significant correlation of 14-3-3¢ overexpression
with reduced survival time was also reported in patients with
colorectal carcinoma. The colorectal cancer cells with no
14-3-30 expression are sensitive to chemotherapy-induced
apoptosis (29). In the cancer cells lacking 14-3-30, unbound
Bax is translocated to mitochondria, mediates mitochondrial
permeability transition, and subsequently in cytochrome C
(11). This may sensitize the cells for rapid progression into
apoptosis through caspase-3 activation. For NPC patients,
radiotherapy is the mainstay treatment and all patients in this
study were treated with radiotherapy only. The expression of
14-3-30 may associate with the sensitivity of the tumor cells
to this treatment. However, further study is needed to define
the role of 14-3-30 expression in NPC cells treated with
either y-irradiation or chemotherapeutic agents. The findings
may help to predict the sensitivity of radiotherapy and
stratify patients who may require multimodality treatment.

In this study, we comprehensively investigated the
correlation of 14-3-30 expression and multiple clinical
parameters in NPC patients. Importantly, we demonstrated
that both 14-3-30 expression and staging are independent
prognostic factors for NPC patients.
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