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Prognostic Value of Molecular Markers and Implication for
Molecular Targeted Therapies in Nasopharyngeal Carcinoma:
An Update in an Era of New Targeted Molecules Development

Mu-Tai Liu® ¢ 4. f Muy-Kuan Chen% ¢, Chia-Chun Huang?, Chao-Yuan Huang®

Abstract

The aim of the study was to evaluate the prognostic significance of
molecular biomarkers which could provide information for more ac-
curate prognostication and development of novel therapeutic strate-
gies for nasopharyngeal carcinoma (NPC). NPC is a unique malig-
nant epithelial carcinoma of head and neck region, with an intimate
association with the Epstein-Barr virus (EBV). Currently, the predic-
tion of NPC prognosis is mainly based on the clinical TNM staging;
however, NPC patients with the same clinical stage often present dif-
ferent clinical outcomes, suggesting that the TNM stage is insufficient
to precisely predict the prognosis of this disease. In this review, we
give an overview of the prognostic value of molecular markers in
NPC and discuss potential strategies of targeted therapies for treat-
ment of NPC. Molecular biomarkers, which play roles in abnormal
proliferation signaling pathways (such as Wnt/B-catenin pathway),
intracellular mitogenic signal aberration (such as hypoxia-inducible
factor (HIF)-1a), receptor-mediated aberrations (such as vascular en-
dothelial growth factor (VEGF)), tumor suppressors (such as p16 and
p27 activity), cell cycle aberrations (such as cyclin D1 and cyclin E),
cell adhesion aberrations (such as E-cadherin), apoptosis dysregual-
tion (such as survivin) and centromere aberration (centromere protein
H), are prognostic markers for NPC. Plasma EBV DNA concentra-
tions and EBV-encoded latent membrane proteins are also prognos-
tic markers for NPC. Implication of molecular targeted therapies in
NPC was discussed. Such therapies could have potential in combina-
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tion with different cytotoxic agents to combat and eradicate tumor
cells. In order to further improve overall survival for patients with
loco-regionally advanced NPC, the development of innovative strate-
gies, including prognostic molecular markers and molecular targeted
agents is needed.

Keywords: Nasopharyngeal carcinoma; Molecular marker; Targeted
therapy

Introduction

Nasopharyngeal carcinoma (NPC) is a unique malignant epi-
thelial carcinoma of head and neck region, with an intimate
association with the Epstein-Barr virus (EBV) [1-4]. Accord-
ing to International Agency for Research on Cancer, there
were 84,400 cases of NPC, and 51,600 deaths from it, in 2008.
The worldwide distribution of NPC is extremely unbalanced,
with an age-standardized incidence rate of 20 - 50 per 100,000
males in southern China to 0.5 per 100,000 in mainly white
populations [5]. Currently, the prediction of NPC prognosis
is mainly based on the clinical TNM staging, however, NPC
patients with the same clinical stage often present different
clinical outcomes, suggesting that the TNM stage is insuf-
ficient to precisely predict the prognosis of this disease [6].
Several studies showed that the biological behavior and prog-
nosis could be different in the NPC patients with the same clas-
sification [7, 8]. One elemental factor mediating the biologi-
cal behavior of NPC is the alteration of molecular signaling
pathways. Such signaling pathways of NPC are critical for cell
survival, growth, and metastasis. Therefore, it is important to
search for novel molecular biomarkers, which could provide
more accurate prognostication and develop therapeutic inter-
vention for NPC patients. The schematic representation of the
signaling pathways is shown in Figure 1. A table depicting the
pathways and molecular targeted therapy involved is shown in
Table 1. Ranking of the potential importance of the pathways
is described as follows: rank 1: well-designed cohort analytic
studies; rank 2: comparative or correlation studies; rank 3: evi-
dence obtained from research in a small number of studies.
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Figure 1. Overview of the signaling pathways involved in nasopharyngeal carcinoma (NPC) development. Initiation of upstream
signaling proteins in the NPC development begins with LMP1. Subsequent induced activity of downstream proteins in several
pathways such as B-catenin, NF-kB, and AP-1 leads to dysregulation of cell proliferation (CDK/cyclin protein), increase in angio-
genesis (VEGF, IL-8), metastasis (E-cadherin, MMPs), cell transformation (TERT), and inhibition of apoptosis (survivin, Bcl-2).

——p: stimulatory effect;

e: inhibitory effect; AP-1: activator protein 1; EGFR: epidermal growth factor receptor; ERK: extra-

cellular signal related kinase; JNK: c-Jun N-terminal kinase; LMP1: latent membrane protein 1; MMP: matrix metalloproteinase;
PTEN: phosphatase and tensin homolog; PI3K: phosphoinositol-3-kinase; RASSF: Ras association domain family; TERT: telom-
erase reverse transcriptase; VEGF: vascular endothelial growth factor; WIF: Wnt inhibitory factor.

Rank 1

Abnormal proliferation signaling pathways

Epidermal growth factor receptor (EGFR)

EGFR is a 170 kD transmembrane glycoprotein receptor with
an intrinsic tyrosine kinase activity that regulates cell growth.
Growth factor receptors with tyrosine kinase activity regulate
fundamental cell behavior including cell survival, differentia-
tion, motility, and proliferation. The type I growth factor re-
ceptor family consists of EGFR, HER-2/neu (c-erbB2), and
HER-3/neu (c-erbB3). These receptors consist of a cysteine-
rich extracellular domain, a single transmembrane spanning
region, and a cytoplasmic tail containing tyrosine kinase activ-
ity and several tyrosine residues that are phosphorylated on
ligand binding. The resulting signal transduction through mul-
tiple intracellular pathways then leads to cell proliferation and
other key events that may affect tumor progression [9]. EGFR
overexpression has been found in over 80% NPC cases [9, 10],
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and was associated with tumor metastasis, recurrence, and poor
survival in patients with NPC [10, 11]. EGFR extent > 25%
was associated with a significantly poorer treatment outcome.
The 5-year disease-specific survival, relapse-free survival,
loco-regional relapse-free, and distant metastasis-free rates
in patients with EGFR extent > 25% were 48%, 36%, 60%,
and 55%, respectively. The corresponding rates in patients
with EGFR extent < 25% were 86%, 80%, 93%, and 86%.
The differences were all statistically significant, except for
distant metastasis. In multivariate analysis, EGFR extent was
the only independent factor that predicted for disease relapse,
loco-regional failure, and death resulting from cancer. The
possible efficacy of molecular targeted therapy against EGFR,
especially in advanced stage disease, should also be examined
[7]. Cao et al evaluated the prognostic value of expression of
EGFR and nm23 in 127 patients with advanced stage NPC.
The positive EGFR expression had a higher recurrent rate than
the negative (P = 0.015). Negative expression of EGFR had a
significantly better 5-year overall survival (OS) and disease-
free survival (DFS) than positive expression (P =0.015, 0.013,
respectively) [12]. These data suggested that EGFR and nm23
can serve as reliable biomarkers for prognosis prediction in
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Table 1. Molecular Pathways and Targeted Therapeutic Agents Involved in Nasopharyngeal Cancer

Mechanism Pathway Targeted therapeutic agent or strategy Clinical application In development
EGFR Cetuximab: anti-EGFR antibody
PI3K/AKT and PTEN PI3K inhibitor: Y294002 +
A.bnor.mal RKIP RKIP: alter radiosensitivity +
signaling pathways
RASSF Demethylation of RASSF2A +
Wnt/B-catenin YC-1: anti-invasion activity +
VEGF Bevacizumab: monoclonal
Receptor-mediated antibody against VEGF
aberration ¢-MET ¢-MET inhibitor: SU11274, +
BAY 853474, PF-04217903
Intra-cellular mitogenic ~ HIF-1a HIF-1a inhibitor: +
signals aberration NSC-134754, pantoprazole
Cyclin-dependent kinase Cyclin-dependent kinase
(CDK), cyclin D1, E inhibitor: seliciclib
Cell cycle aberration c-Myc c-Myc inhibitor
MicroRNAs miRNAs of let-7 family:
suppress cell proliferation
E-cadherin DNA demethylating agent: 5-aza-dC
Matrix Synthetic inhibitors:
metalloproteinases (MMPs) marimastat, tanomastat (BAY 12-
Cell adhesion aberration 9666), prinomastat (AG3340)
Recombinant human endostatin: endosatr +
Off-target inhibitors: bisphosphonates +
Natural inhibitors: neovastat (AE-941) +

patients with NPC who may benefit from alternate treatment
strategy and targeted treatment. Yang and colleagues investi-
gated the difference of expression of EGFR and Ki67 in pri-
mary and recurrence of NPC to supply a micro-evidence of
anti-EGFR targeted maintenance therapy for NPC. There was
a significantly shorter time to loco-regional relapse in patients
with positive expression of EGFR than patients with negative
EGFR expression in primary (P = 0.010) and in relapse (P =
0.022). A strongly significant correlation between EGFR and
Ki67 molecules expression was obtained in primary (r = 0.573;
P=10.001) and in recurrent focus (r = 0.698; P = 0.000). These
findings suggest that the recurrent NPC cells that survive after
radiotherapy express a chemoradiation-induced cytoprotective
phenotype that is overexpression of EGFR and Ki67. These
findings have clinical significance and provide further support
for carrying out clinical trials to apply the use of maintenance
cetuximab after chemoradiotherapy to increase curability and
prolong the disease-free interval in patients with tumors that
are dependent on EGFR [13].

1) Clinical application of molecular targeted therapy: cetuximab
(anti-EGFR antibody) and gefitinib (EGFR tyrosine kinase inhibitor)

Cetuximab is an anti-EGFR antibody that has been shown to

improve survival when combined with RT in patients with
loco-regionally advanced non-NPC head and neck squamous
cell carcinoma (HNSCC) [14]. Chan and colleagues reported
that cetuximab in combination with carboplatin demonstrated
clinical activity and an acceptable safety profile in heavily
pretreated patients with recurrent or metastatic NPC who had
previously experienced treatment failure with platinum-based
therapy. The overall response rate (ORR) was 12% and the sta-
ble disease (SD) rate was 48% [15-21] (Table 2). Two phase 11
trials utilizing the EGFR tyrosine kinase inhibitor gefitinib as a
single agent have reported no evidence of objective response,
while SD rates ranged from 11% to 19% [17, 18,] (Table 2).
Ma and colleagues evaluated the feasibility of adding cetuxi-
mab to concurrent cisplatin and intensity-modulated radiother-
apy (IMRT) in loco-regionally advanced NPC. Thirty patients
with American Joint Committee on Cancer stage [1I-IVB NPC
were given an initial dose of cetuximab (400 mg/m?) 7 - 10
days before receiving concurrent IMRT, weekly cisplatin (30
mg/m?/week) and cetuximab (250 mg/m?*week). Grade 3-4
oropharyngeal mucositis occurred in 26 (87%) patients and 10
(33%) patients required short-term nasogastric feeding. Three
patients (10%) had grade 3 cetuximab-related acneiform rash.
At a median follow-up of 31.8 months, the 2-year progression-
free survival (PFS) was 86.5% (95% confidence interval (CI):
74.3 - 98.8). Concurrent administration of cetuximab, weekly
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cisplatin and IMRT is a feasible strategy against loco-regional-
ly advanced NPC. Preliminary survival data compared favora-
bly with historic data [19] (Table 1, 2).

Receptor-mediated aberrations

Vascular endothelial growth factor (VEGF)

VEGF is a member of the platelet-derived growth factor/
VEGEF family that specifically acts on endothelial cells. It pro-
motes the proliferation of vascular endothelial cells and angio-
genesis; in the meantime, the permeability of the vessels is in-
creased and the leakage of intravascular contents is facilitated,
thereby providing matrix for the migration of endothelial cells
and vascular formation, and these mechanisms are paramount
for tumor development and metastasis [22]. The association
of VEGF protein expression in tumor tissues with lymph node
metastasis, disease recurrence, advanced TNM classification,
and poorer prognosis of patients with NPC has been investi-
gated in several studies. Wakisaka et al reported that VEGF
expression in tumor tissue is positively correlated with cer-
vical lymph node metastasis and microvascular density [23].
Krishna et al reported that overexpression of VEGF was seen
in 67% of NPC cases. Higher expression of VEGF in NPC pa-
tients was related to higher rate of recurrence, nodal positivity
and lower survival [24]. Pan et al reported that the TNM clas-
sification of NPC is associated with VEGF expression levels
in the tumor tissues [11]. Li et al reported that expression of
survivin and VEGF were significantly associated with TNM
stage, T-stage and metastasis of NPC. The patients with sur-
vivin and VEGF overexpression presented lower 5-year sur-
vival rate, as compared to those of low-expression (42.32% vs.
70.54%, 40.1% vs. 67.8%, respectively, P < 0.05), especially
in advanced stage patients (36.51% vs. 73.41%, 35.03% vs.
65.22%, respectively, P < 0.05) [6].

Chang and colleagues found that the levels of VEGF, in-
terleukin (IL)-6, IL-8, interferon-inducible protein 10 (IP-10),
tumor necrosis factor (TNF)-a, and macrophage inflammatory
protein (MIP)-3a were significantly elevated in patients with
NPC; the patients with NPC with higher levels of VEGF, IL-
8, MIP-3a, and EBV DNA had worse prognoses for OS (P =
0.035, 0.008, 0.005, and 0.007, respectively) [25]. Lv and col-
leagues found that the serum VEGF (sVEGF) was positively
associated with histology, TNM classification, distant metasta-
sis, and OS (P < 0.05). The 4-year OS and distant metastasis-
free survival (DMFS) of the high-sVEGF versus low-sVEGF
groups were 68% versus 86% and 70% versus 89%, respec-
tively (P < 0.05). Stratified analysis showed that patients with
stage IV(a,b), T(4), N(1), or N(positive) disecase with high
VEGEF levels had worse 4-year OS and 4-year DMFS than
those with low VEGF levels (P < 0.05). Multifactorial Cox re-
gression confirmed sVEGF was among the independent prog-
nostic factors [22].

1) Clinical application of molecular targeted therapy: bevaci-
zumab (a monoclonal antibody directed against VEGF)

Because the predominant pattern of failure in loco-regionally
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advanced NPC is distant metastasis and because patients with
increased VEGF have a higher likelihood of recurrence, distant
metastases, and decreased survival, Lee and coworkers did a
phase 2 multi-institutional trial (RTOG 0615) to test the addi-
tion of bevacizumab (a monoclonal antibody directed against
VEGF) to standard chemoradiation treatment for this group of
patients. No grade 3-4 hemorrhages or grade 5 adverse events
were recorded. With a median follow-up of 2.5 years, the es-
timated 2-year loco-regional progression-free interval was
83.7% (95% CI: 72.6 - 94.9), the 2-year distant metastasis-free
interval was 90.8% (82.2 - 99.5), the 2-year PFS was 74.7%
(61.8 - 87.6), and 2-year OS was 90.9% (82.3 - 99.4). The ad-
dition of bevacizumab to standard chemoradiation treatment
for patients with NPC is feasible, and might delay the progres-
sion of subclinical distant disease [21] (Table 1, 2).

Plasma EBV DNA concentrations

Lo et al investigated the prognostic implication of pretreatment
plasma/serum EBV DNA concentration in NPC. Those with
recurrence or metastasis within the first year after treatment
had a higher median plasma EBV DNA concentration than
those without events (41,756 copies/mL versus 5,807 copies/
mL; P < 0.001, Mann-Whitney rank-sum test). Plasma EBV
DNA was an independent prognostic indicator for early clini-
cal events (relative risk = 3.8 (95% CI: 1.6 - 9.2 for each 10-
fold increase in plasma EBV DNA concentration; P = 0.003)).
Circulating EBV DNA was found to be a significant variable
associated with NPC-related death in multivariate Cox’s re-
gression analysis (relative risk = 1.6 (95% CI: 1.1 - 2.1 for
each 10-fold increase in serum EBV DNA concentration; P =
0.007)) [26]. Leung et al demonstrated that pretherapy circu-
lating EBV DNA load was an independent prognostic factor
to International Union Against Cancer (UICC) staging in NPC
patients [27]. Lin et al evaluated the prognostic value of plasma
EBV DNA concentrations in patients with advanced NPC. The
median concentrations of plasma EBV DNA were 681 copies/
mL among 25 patients with stage III disease, 1,703 copies/mL
among 74 patients with stage IV disease, and 291,940 cop-
ies/mL among 19 control patients with distant metastasis (P <
0.001). Patients with relapse had a significantly higher plasma
EBV DNA concentration before treatment than those who did
not have a relapse (median, 3,035 vs. 1,202 copies/mL; P =
0.02). The plasma EBV DNA concentration was persistently
low or undetectable in patients with a complete clinical remis-
sion. OS (P < 0.001) and relapse-free survival (P = 0.02) were
significantly lower among patients with pretreatment plasma
EBV DNA concentrations of at least 1,500 copies/mL than
among those with concentrations of less than 1,500 copies/
mL. Patients with persistently detectable plasma EBV DNA
had significantly worse OS (P < 0.001) and relapse-free sur-
vival (P < 0.001) than patients with undetectable EBV DNA 1
week after the completion of radiotherapy [28].

Chai et al investigated the clinical significance of plasma
EBV DNA loads in a large and multi-ethnic cohort of Ma-
laysian patients with NPC. The median level of plasma EBV
DNA in stage IV patients with distant metastasis was > 9-fold
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higher than those without systemic spread (P = 0.001), sug-
gesting plasma EBV DNA measurement could aid in the diag-
nosis of metastatic disease in advanced cases. Using a cut-off
value of 8,000 copies/mL, the authors demonstrated that EBV
DNA level was a strong predictor for OS of NPC patients [2].
Ferrari et al evaluated the role of plasma EBV DNA levels in
predicting recurrence of NPC in a cohort of Western patients
with stage [Ib-IVb nasopharyngeal cancer. Pre-treatment levels
significantly correlated with the initial stage and probability of
relapse. Their increase was 100% specific and 71.3% sensitive
in detecting loco-regional or metastatic recurrence (an over-
all accuracy of 94.4%). The results of this study confirm that
patients from a Western country affected by loco-regionally
advanced NPC have high plasma EBV DNA levels at diag-
nosis. The monitoring of plasma levels is sensitive and highly
specific in detecting disease recurrence and metastases [29]. Li
et al reported that plasma EBV DNA concentrations and Raf
kinase inhibitory protein (RKIP) were independent prognostic
markers for 5-year DMFS [30].

Rank 2

Abnormal proliferation signaling pathways

Wingless-type (Wnt)/[}-catenin pathway

Aberrant activation of Wnt signaling pathway plays a critical
role in oncogenesis of various human cancers [31]. Epigenetic
inactivation of negative Wnt/B-catenin signaling regulators
leads to the aberrant activation of this signaling pathway in
NPC tumorigenesis. Wnt inhibitory factor 1 (WIF-1), a secret-
ed antagonist of the Wnt pathway, is frequently methylated in
primary NPC tumors. With treatment of DNA demethylation
reagent, WIF-1 expression is restored, highlighting a direct
role of epigenetic inactivation. Ectopic expression of WIF-1 in
NPC cells resulted in significant inhibition of tumor cell colony
formation efficiency. Therefore, epigenetic silencing of WIF-1
contributes to the aberrant activation of Wnt/B-catenin path-
way and is involved in NPC pathogenesis [32]. PRDM (PR-
DI-BF1 and RIZ domain containing) proteins are zinc finger
proteins involved in multiple cellular regulations by acting as
epigenetic modifiers. Semi-quantitative RT-PCR showed that
PRDMS was broadly expressed in human normal tissues, but
frequently silenced or downregulated in 80% (4/5) of NPC cell
lines due to promoter CpG methylation. PRDMS methylation
was frequently detected by methylation-specific PCR (MSP)
in 93% (43/46) nasopharyngeal tumor. PRDMS functions as
a tumor suppressor at least partially through antagonizing ab-
errant Wnt/B-catenin signaling and oncogene expression [33].
Fendri and colleagues examined by MSP, whether WIF-1 was
inactivated in 68 NPCs, and 10 normal mucosa. The authors
showed that the WIF-1 promoter was methylated in 89.7% of
tumors, whereas all normal mucosa were unmethylated. The
WIF-1 methylation was associated with the tumor, node, and
metastasis (TNM) (P = 0.003) and the age (P = 0.014). The
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Wnt-5a mRNA was higher in tumors and correlated with TNM
(P=10.012). The methylation of WIF-1 contributes to the acti-
vation of the Wnt pathway in NPC [34]. Identification of more
epigenetically silenced negative regulators of Wnt/B-catenin
signaling pathway will facilitate the development of clinical
strategies targeting NPC.

1) Molecular targeted therapy in development: YC-1

YC-1 has recently been demonstrated to have potent anti-inva-
sion and anti-metastatic activity in several cancer models. The
study of Hong and colleagues revealed that invasion-related
signaling proteins (B-catenin, caveolin, Src and EGFR) were
found to be down-modulated by YC-1 in NPC cells [35] (Table

).

Phosphatidylinositol 3-kinase (PI3K)/AKT pathways and
phosphatase and tensin homolog (PTEN)

The PI3K/AKT/mammalian target of rapamycin (mTOR) net-
work plays a key regulatory function in cell survival, prolif-
eration, migration, metabolism, angiogenesis, and apoptosis.
Phosphatidylinositol is a component of eukaryotic cell mem-
branes. The inositol head of the phospholipid can be phospho-
rylated at multiple sites by phosphoinositide kinases (PIKSs),
which act as signal transducers involved in the regulation of
multiple cell functions. The PI3K superfamily has been much
studied since the discovery of PI3K activity associated with
viral oncoproteins and its role in growth regulation and pre-
vention of apoptosis and other cellular responses. AKT is a
key regulator of a variety of proteins involved in cell prolifera-
tion, metabolism, survival, invasion, migration, apoptosis, and
DNA repair. AKT and its isoforms AKT-1, AKT-2, and AKT-3
have cell-transforming properties through the phosphorylation
of multiple protein targets including mTOR, Bad, caspase 9,
tuberin, GSK3b, and forkhead transcription factors involved
in cell survival and apoptosis [36]. Hui et al have identified
high frequency of copy number gain or amplification on chro-
mosomes 3q (70%) in NPC. The PIK3CA gene at 3q26.32 was
found to be one of the candidate oncogenes in NPC. Ampli-
fication and overexpression of PIK3CA were frequently de-
tected in NPC [37]. Fendri et al reported that PIK3CA gene
amplification was found in 21.6% of cases and was strongly
associated with distant metastasis (P = 0.002), lymph node in-
volvement (P = 0.032), and advanced tumor stage (P < 0.001)
[38]. LY 294002 is chemical inhibitor of PI3K, which has been
used extensively to study the role of PI3K/AKT pathway in
normal and transformed cells. Inactivation of PI3K using
LY294002 has been demonstrated to lead to the dephospho-
rylation of AKT at both T308 and S473, consequently inducing
specific G1 arrest in cell growth and finally to cell apoptosis
[39]. Jiang and colleagues reported that LY294002 inhibited
the phosphorylation of AKT (S473), cell proliferation, and in-
duced apoptosis in human NPC cell line CNE-2Z cells. PI3K
inhibitor, LY294002, might be a potentially useful therapeutic
agent for NPC patients [39].
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1) Molecular targeted therapy in development: PI3K inhibitor,
LY294002

PI3K inhibitor, LY294002, inhibited the phosphorylation of
AKT (S473), cell proliferation, and induced apoptosis in hu-
man NPC cell line CNE-2Z cells. LY294002 might be a po-
tential targeted therapeutic agent for NPC patients (Table 1).

Latent membrane proteins (latent membrane protein 1
(LMP1) and LMP2A) of EBV

EBV-encoded LMP1 has been known to have oncogenic prop-
erties during latent infection in NPC [40]. It is required for cell
immortalization and is present in 80-90% of NPC tumors [41].
The LMP1 molecule includes six transmembrane domains and
a carboxy-terminus containing two signaling domains called
C-terminal activating regions 1 and 2 (CTAR 1 and 2). The
transmembrane domains allow LMP1 to associate with the
host membrane, whereas the CTAR regions directly activate
a number of signaling pathways including nuclear factor k-B
(NF-kB), mitogen-activated protein (MAP) kinases, and PI3K
[42]. LMP1-positive cells have greater mobility, leading to
higher metastatic potential and faster disease progression [43,
44].

Chew and colleagues suggested that EBV LMP1 was able
to confer resistance of apoptosis and increased matrix metal-
loproteinase (MMP)-9 production in NPC cells [45]. LMP2A
downregulates the NF-«B transcription factor and can decrease
LMPI1 expression [46]. Acting as a signal regulator, LMP2A
can enhance invasiveness and motility of NPC cells through
ERK/Fra-1-mediated induction of MMP-9 [47]. Chen and col-
leagues reported that the 5-year OS rate in patients with high
LMP1 expression (n = 141) was 54%, and with low LMP1
expression (n = 83) was 68% (P = 0.020); the 5-year OS rate
for NPC patients with high p-P70S6K expression (n = 106)
was 49%, and low p-P70S6K expression (n = 118) was 69% (P
=0.049); the 5-year OS rate in patients with high p-4EBP1 ex-
pression (n = 128) was 49%, and low p-4EBP1 expression (n =
95) was 71% (P = 0.010). Expression of LMP1 and the genes
in the mTOR pathway (p-P70S6K, p-4EBP1) significantly cor-
related with OS of NPC patients. However, only LMP1 was an
independent prognostic factor [48]. Zhao and colleagues re-
ported the cumulative metastasis rates were 66.75% (269/403)
in cases with LMP1 expression and 46.98% (148/315) in those
without LMP1 expression. LMP1 expression is positively as-
sociated with metastasis in NPC [49].

Intracellular mitogenic signal aberration

HIF-1a

HIF-1 is a heterodimeric basic helix-loop-helix transcription
factor composed of two subunits, HIF-1a and HIF-1f [50].
In normoxia, HIF-1a protein is degraded within minutes, but
under hypoxic conditions, this protein is stabilized and up-
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regulated [51]. Tumor hypoxia is associated with resistance to
radiotherapy and chemotherapy, and HIF-1la is a key hypox-
ia-inducible transcriptional factor that upon activation, leads
to the upregulation of several important hypoxia-responsive
genes that regulate apoptosis, glucose metabolism (e.g. car-
bonic anhydrase (CA)-9), and angiogenesis (e.g. VEGF recep-
tor (VEGFR) and its ligands) [52]. Hui et al showed that HIF-
la and VEGF overexpression occurred in around 60% of 90
patients with advanced NPC, and patients whose tumors dis-
played a high level of HIF-1a expression or HIF-1a-VEGF co-
expression had a worse clinical outcome than patients whose
tumors did not [53]. Chan et al also found that HIF-10-VEGF
co-expression was correlated with poorer PFS in patients with
advanced NPC [54]. Xueguan et al reported that the expression
of HIF-1a and EGFR are associated with a poor survival and
increased occurrence of tumor invasion and distant metasta-
ses in patients with NPC receiving radiotherapy [55]. Recent
studies have suggested that autophagy plays a pivotal role in
regulation of cancer development and progression. High ex-
pression of the autophagy-related Beclin 1 protein predicted
favorable patient outcome in several tumors. Wan et al found
that higher Beclin 1 expression predicted poorer OS, PFS and
DMEFS. Moreover, a positive relationship between HI F-1a and
Beclin 1 expression was found. Among patients with elevated
HI F-1a expression, a subset with lower Beclin 1 expression
displayed a significant OS advantage than those with higher
expression (P = 0.036). HIF-1a-associated Beclin 1 high ex-
pression might facilitate NPC cells surviving from chemora-
diotherapy, suggesting a novel therapeutic molecular target for
NPC [56]. The HIF-1a and Forkhead Box O3a transcription
factor (FOXO3a) have been reported to play important roles in
the development and prognosis of human cancers. Shou et al
found that FOXO3a was low expressed and HIF-1o was high
expressed in NPC tissues, compared with normal nasopharyn-
geal tissues (both P < 0.05). The low expression of FOXO3a
was significantly correlated with clinical stage (P = 0.003),
T stage (P = 0.011), lymph node metastasis (P = 0.003), and
distant metastasis (P = 0.030), and overexpression of HIF-1a
was significantly correlated with T stage (P = 0.026), lymph
node metastasis (P =0.002), and distant metastasis (P =0.010).
The Spearman analysis indicated that FOXO3a expression was
inversely correlated with HIF-1a expression (P < 0.001). OS
curves estimated by Kaplan-Meier showed that tumor patients
with low FOXO3a or high HIF-1a expression had significantly
poorer prognosis compared with patients with high FOXO3a
or low HIF-1a levels (P < 0.001, and P = 0.012, respectively)
[57].

1) Molecular targeted therapy in development: HIF-1a inhibi-
tor: NSC-134754, pantoprazole

Baker and colleagues investigated the effects of the small-mol-
ecule HIF-pathway inhibitor NSC-134754. NSC-134754-treat-
ed tumors revealed lower expression of HIF-1a. NSC-134754
induced metabolic alterations in vitro and early anti-tumor
activity in vivo [58] (Table 1). In vitro and in vivo our study
revealed that pantoprazole (PPZ) inhibited tumor cells pro-
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liferation, induced apoptosis and decreased the expression of
HIF-1a protein. PPZ could suppress tumor growth acting as an
HIF-1a protein inhibitor [59] (Table 1).

Receptor-mediated aberration

Mesenchymal-epithelial transition factor (c-MET)

c-MET is a membrane-associated tyrosine kinase that is lo-
cated upstream of several important oncogenic pathways [52].
MET tyrosine kinase is important in various cellular functions
including proliferation, mitogenesis, formation of branching
tubules, angiogenesis, and tumor cell invasion and metastasis
[60]. LMP1 could cause overexpression of c-MET by induc-
tion of transcription factor Etsl [61]. There is also in vitro
evidence suggesting cross-talk between the c-MET and EGFR
pathways wherein EGFR activation can phosphorylate and
activate c-MET [62]. The activation of the receptor tyrosine
kinase c-MET in cancer correlates with poor prognosis, where
aberrantly active c-MET triggers tumor growth, angiogenesis
and metastasis [63]. There are several ¢c-MET inhibitors in
development, e.g. SU11274, BAY 853474, and PF-04217903
[64-66] (Table 1).

In NPC patients, c-MET protein expression is present in
52-72% of patients, associated with cervical nodal metastases
and poor prognosis [67, 68]. Qian et al reported that high MET
protein expression correlated with poorer survival in late-stage
NPC and served as an independent prognostic indicator. In
their study, the mean survival time was 118 months in the low
MET expression group versus 52 months in the high expres-
sion group (P <0.01). The study of Kim et al showed that high
MET expression was a statistically significantly negative prog-
nostic factor on OS of patients with NPC. Patients with high (>
50%) MET expression showed worse 5-year OS rate than that
of patients with low MET expression (48% vs. 84%, P = 0.02,
HR =5.56, 95% CI: 1.18 - 26.06) [60].

1) Molecular targeted therapy in development: ¢c-MET inhibi-
tors

There are several c-MET inhibitors in development, e.g.
SU11274, BAY 853474, and PF-04217903 (Table 1).

Tumor suppressors

pl6 activity

pl6 is a cyclin-dependent kinase inhibitor, also known as CD-
KN2A, a tumor suppressor protein, which in humans is en-
coded by the CDKN2A gene [69, 70]. p16 is frequently inac-
tivated in many human cancers [71, 72]. NPC cell lines have
low levels of p16 secondary to hypermethylation of the p16
[73]. This epigenetic alteration may be mediated by LMP1-
induced formation of a c-Jun/JunB heterodimer causing the ac-
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tivation of DNA methyl-transferase [74]. Wang et al reported
that p16 positive rate was 100% for the epithelia of chronic
inflammation of nasopharynx. It was significantly higher than
the p16 positive rate for the carcinoma of nasopharynx (38.4%,
P <0.01). There was significant difference of p16 positive ex-
pression in differentiation of NPC (poor differentiation versus
undifferentiation), clinical staging (I-II versus IV) and grading
of tumor (T1-T2 versus T3, T4) (P <0.01). The 3-year survival
rates were 88.9% and 72.9% in p16 expression (+) and (-) pa-
tients respectively (P < 0.05) [75]. Makitie et al found when
pl6 expression was analyzed controlling for age, weight loss,
and stage in a multivariate analysis, an association between
absence of p16 expression and worse survival (P =0.02) [76].
Xiang et al found that among the 90 NPC cases studied, 42
cases (46.7%) were negative for p16 protein. The non-expres-
sion rate of p16 protein also correlated with the 5-year survival
rate. The non-expression rate was 60.0% in patients who died
within 5 years, in contrast to 20.0% in those alive for over 5
years after diagnosis. The non-expression rates of pl6 protein
in cases with or without distant metastasis were 81.8% and
41.8% respectively (P <0.05) [77].

p27 activity

p27 is a cyclin-dependent kinase inhibitor and plays an im-
portant role in negative regulation of the cell cycle during GO
and GI1 phases [78]. Jabl/CSN5 promotes cell proliferation
and inactivates p27 by inducing translocation of p27 from the
nucleus to the cytoplasm, which accelerates p27 degradation
through the ubiquitin-dependent proteasome pathway and pro-
motes cell-cycle progression [79]. Jabl/CSNS overexpression
is correlated with the loss of p27 in several cancers and low
p27 expression is associated with higher tumor grades [80].
Pan and colleagues examined the functional relationship be-
tween Jab1 and p27 protein expression in NPC. Immunohisto-
chemical analysis showed an inverse association between Jabl
and p27 in NPC tissue samples, and overexpression of Jabl
correlated with poor survival in patients with NPC. The find-
ings suggest that Jabl overexpression plays an important role
in the pathogenesis of NPC through Jabl-mediated p27 deg-
radation. Jab1 therefore represents a novel diagnostic marker
and therapeutic target in patients with NPC [81]. Low p27 is
demonstrated in NPC as well as a number of cancers [78, 82].
Hwang and colleagues reported that in patients with NPC, 47
of 69 cases (68%) expressed low levels of p27 [81]. In the
study of Pan and colleagues, 29 of 45 NPC cases (64%) ex-
pressed low or no nuclear p27, and 28 cases (62 %) expressed
low or no cytoplasmic p27 [81]. A low level of p27 expression
was significantly correlated with loco-regional recurrence in
NPC [83].

nm23-H1 protein or mRNA

The nm23-H1 gene (NME1), localized on chromosome
17q21.3 was first isolated as a metastasis suppressor gene
by differential screening of cDNA library from high and low
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metastatic clones of a murine melanoma cell line [84]. Guo et
al investigated the expression levels of nm23-HI mRNA and
its protein in human NPC to clarify the relationship between
nm23-H1 and metastasis and prognosis of patients with NPC.
The authors found that nm23-H1-negative tumors were associ-
ated with a higher incidence of lymph node metastasis (84.2%)
than nm23-H1-positive ones (32.8%, P < 0.01). The distant
metastasis and loco-regional recurrence rates in the nm23-H1-
negative group were 55.8% and 31.68%, respectively but only
17.2% and 11.5%, respectively, in the nm23-H1-positive group
(P<0.01). A significant association was found between expres-
sion of nm23-H1 protein and prognosis (P < 0.01). Expression
of nm23-H1 protein indicated favorable prognosis, suggesting
that the absence of nm23-H1 protein expression was signifi-
cantly associated with lymph-node metastasis, recurrence and
distant metastasis in patients with NPC [85]. Huang et al found
that there were inverse correlations between the expression of
pl16,nm23-H1, or E-cadherin protein and lymph node metasta-
sis (P <0.05), indicating that the expressions of p16, nm23-H1,
and E-cadherin gene were related to the prognosis of patients
with NPC [86].

Cell cycle aberrations
Cyclin D1

The cell cycle regulator cyclin D1 is a critical regulator of the
G1/S phase transition [87]. It forms complexes with cyclin-
dependent kinases (CDK) 4 or CDK6 and is responsible for
the phosphorylation of the retinoblastoma tumor suppressor
protein, resulting in the release of E2F transcription factors
that allow cells to enter into S phase. The G1/S checkpoint is
frequently altered in many epithelial tumors and may confer
growth advantage and enhance tumorigenesis [88]. Nuclear
EGEFR could directly bind to the cyclin D1 promoter under the
regulation of the oncoprotein LMP1 [89]. Lai et al reported
that rates of early local recurrence (within 5 years) were signif-
icantly higher (P < 0.01) for NPC patients with high levels of
cyclin D1 before radiation therapy (24 of 35 patients (68.6%))
as compared with patients with low or no expression (three of
29 (10.3%)). Furthermore, NPC patients bearing high levels
of cyclin D1 had a poorer prognosis concerning 10-year sur-
vival than the others (P < 0.001). Cyclin D1 can be used as an
indicator of recurrence and subsequent prognosis in NPC after
radiation therapy [90].

1) Clinical application of molecular targeted therapy: selici-
clib

Seliciclib is a CDK inhibitor. In an early clinical trial, the use
of seliciclib in 16 patients with treatment-naive locally ad-
vanced NPC resulted in SD in 14 evaluable patients. Seven of
14 evaluable patients had clinical evidence of tumor reduction.
Reduced protein expressions of Mcl-1, cyclin D1 and phos-
phorylated retinoblastoma protein pRB were shown in some
patients post-treatment, indicative of cell cycle modulation
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by seliciclib, more specifically inhibition of CDK2/cyclin E,
CDK7/cyclin H, and CDK9/cyclin T [19] (Table 2).

Cyclin E

CDK are key regulators of cell cycle progression. CDK-2 and
its partner, cyclin E, regulate the G1 to S cell cycle transition
by phosphorylating the retinoblastoma protein. Engineered
cyclin E overexpression shortens the cell cycle and causes
chromosomal instability [91]. Ko et al found that high levels
of cyclin E significantly correlated with late-stage NPC (P =
0.009) and a poor OS (P = 0.010). Overexpression of cyclin
E messenger ribonucleic acid showed an adverse prognostic
significance, correlating with an advanced stage of NPC and a
low OS rate [92].

Cell adhesion aberrations

E-cadherin

E-cadherin is a transmembrane glycoprotein that mediates cell
communication in normal cells and is a metastasis suppres-
sor in tumor cells [93]. The downregulation of E-cadherin in
NPC is due to aberrant promoter methylation of E-cadherin
gene [94, 95]. The detailed methylation profile at individual
CpGs within CpG island of E-cadherin promoter region was
confirmed by bisulphite sequencing [95]. E-cadherin levels are
inversely proportional to disease progression; metastatic NPC
tumors display lower E-cadherion mRNA and protein levels
than primary NPC tumors (19% in primary tumors vs. 42%
in metastatic tumors) [86]. A significant correlation was also
found between E-cadherin expression and study group (P =
0.003): E-cadherin protein levels were higher in the control
group than in the NPC groups. E-cadherin protein levels were
also associated with metastasis (P = 0.002) and patient out-
comes (P=0.013): NPC patients with poor prognosis displayed
lower levels of E-cadherin expression than those displaying
neither recurrence nor metastasis [96]. E-cadherin gene could
be demethylated and reactivated in HNE-1 and CNE-2 cells
upon treatment with 5-aza-dC, a DNA demethylating agent.
Demethylation therapy could serve as a promising strategy for
NPC patients [95].

1) Molecular targeted therapeutic agent in development: 5-aza-
dC, a DNA demethylating agent

5-aza-dC, a DNA demethylating agent, is a potential molecular
targeted therapeutic agent for NPC patients (Table 1).

MDMPs

Degradation of extracellular matrix is crucial for malignant
tumor growth, invasion, metastasis and angiogenesis. MMPs
are a family of zinc-dependent neutral endopeptidases collec-
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tively capable of degrading essentially all matrix components.
Elevated levels of distinct MMPs can be detected in tumor tis-
sue or serum of patients with advanced cancer, and their role
as prognostic indicators in cancer has been widely examined
[97]. MMPs’ family includes more than 25 members that can
be divided into collagenases (MMP-1, -8, and -13), gelatinases
(MMP-2 and -9), stromelysins (MMP-3 and -10), matrilysins
(MMP-7 and -26), and the membrane type MMPs (MMP-14 to
-17 and -24) [98]. Among MMP families, MMP-2 (the 72-kD
type IV collagenase/gelatinase A) and MMP-9 (the 92-kD type
IV collagenase/gelatinase B), which selectively degrade type
IV collagen, a major component of extracellular matrix, are
reported to be markedly associated with the invasion and me-
tastasis of tumor cells [99]. Horikawa and colleague found that
the expression of MMP-9 had a significant positive correlation
with the expression of LMP1 (P = 0.0001) and the expression
of MMP-9 significantly correlated with lymph node metastasis
(P = 0.0004) [99]. Wong and colleague demonstrated that a
high pro-MMP-2 level was found to be significantly correlated
with poorer survival and patients with plasma pro-MMP-2 be-
low 650 ng/mL had higher 5-year survival rate of 89%, com-
pared with 50% for patients with plasma pro-MMP-2 above
650 ng/mL [100]. Nasr and colleagues investigated the sus-
ceptibility and prognostic implications of the MMP-1 (-1607)
1G/2G and MMP-9 (-1562) C/T polymorphisms in NPCs.
They demonstrated that a significantly increased risk of NPC
was associated with the homozygous MMP-1 (-1607) 2G2G
genotype (odds ratio (OR) = 2.27; P = 0.02). A significant as-
sociation was also found between the MMP-1 (-1607) 2G2G
genotype and the aggressive forms of NPC as defined by large
tumor size (T3-T4), lymph node metastasis and advanced stag-
es (III-1V) at the time of diagnosis. The MMP-1 (-1607) 2G al-
lele showed a significant association with reduced disease-free
survival for NPC patients (P = 0.03) [101]. Liu and colleague
analyzed the expression of MMP-9 in NPC and its correla-
tion with clinicopathologic features. They demonstrated that
high levels of MMP-9 protein were positively correlated with
the status of lymph node metastasis (N classification) (P =
0.002) and clinical stage (P <0.001) of NPC patients. Patients
with higher MMP-9 expression had a significantly shorter OS
time than did patients with low MMP-9 expression [102]. He
and colleagues investigated the expression levels of MMP-9
in peripheral blood mononuclear cells (PBMCs) from NPC
patients and healthy controls and evaluated the potential as
a prognostic biomarker for NPC patients. They reported that
MMP-9 mRNA levels in PBMCs were significantly higher in
NPC patients than in healthy controls (P < 0.001). Increased
MMP-9 expression was associated with the following clinical
characteristics: advanced clinical stage (P < 0.001), T stage (P
=0.016), N stage (P = 0.002), histology type (P = 0.037), and
poor OS (P =0.049) [103].

Categories of the potential MMP inhibitors, including
synthetic inhibitors, recombinant human endostatin, off-target
inhibitors and natural inhibitors, are summarized in Table 1
[104].

1) Clinical application of molecular targeted therapy: MMP
inhibitor, zoledronic acid

Zoledronic acid is a well-validated and highly potent nitrogen-
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containing bisphosphonate. Jin and colleagues reported that
zoledronic acid combined with chemotherapy could reduce
skeletal-related events (SREs) and improve PFS and OS for
NPC patients with bone metastases [105] (Table 1).

2) Molecular targeted therapy in development: MMP inhibitor,
endostar

Wen and colleagues investigated the efficacy of combining
radiation therapy with endostar, a recombined humanized
endostatin, in human NPC and human lung adenocarcinoma
xenografts. The authors reported that endostar significantly
sensitized the function of radiation in antitumor and antian-
giogenesis in human NPC and human lung adenocarcinoma
xenografts [106] (Table 1). Peng and colleagues investigated
whether the recombinant human endostatin (endostar) could
enhance the inhibitory effects of radiation therapy in human
NPC xenograft. The authors reported that the modulation of
tumor physiology caused by endostar improved the effect of
radiation treatment compared with other treatment schedules
[107] (Table 1).

Apoptosis dysregulation

Survivin

Baculoviral inhibitor of apoptosis repeat-containing 5 (BIRCS,
also called survivin) is a member of the inhibitor of apopto-
sis protein (IAP) family, which plays an important role in the
occurrence and progression of cancer [108]. In NPC, intranu-
clear survivin binds CDK4 and displaces inhibitory proteins
p21 and p16, thus allowing CDK4 to initiate transcription of S
phase proteins [109]. LMP1 induces survivin expression and
nuclear translocation [110]. The net effect is increased S-phase
transitions and cell proliferation [110]. Recently, a polymor-
phism in the promoter of BIRCS, -31C/G (rs9904341), was
shown to influence BIRCS expression. Ma et al observed a
statistically significant increased occurrence of NPC associ-
ated with the CC genotype (OR: 1.40; 95% CI: 1.13 - 1.73;
P =0.0020) compared with the genotypes containing G allele
(CG + GG genotype) [108]. Xiang and colleagues investigated
the expressions and prognostic value of survivin and livin in
patients with NPC. The authors demonstrated that survivin
levels had prognostic significance in NPC. Patients with low
survivin expression had better OS, DFS and DMFS rates than
the group with high survivin expression (P = 0.0086, 0.0097,
and 0.0318, respectively). Cox regression analysis confirmed
that high survivin expression was related to worse prognosis in
NPC patients [111]. Li and colleagues demonstrated that sur-
vivin overexpression is an independent prognostic factor for
patients with NPC. The patients with survivin overexpression
presented lower 5-year survival rate, as compared to those of
low expression (42.32% vs. 70.54%, P < 0.05), especially in
advanced stage patients (36.51% vs. 73.41%, P < 0.05). The
S-year survival rate in NPC patients with survivin and VEGF
dual overexpression was significantly lower than that of pa-
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tients with dual low expression (18.22% vs. 73.54%, respec-
tively; P=0.0003) [6].

Rank 3

Abnormal proliferation signaling pathways

AKT and fibulin-3

Fibulin-3 has the ability to suppress cell migration and inva-
sion in NPC cancer cells by decreasing the activity of phospho-
AKT. Conversely, its depletion by fibulin-3-mediated siRNAs
may elevate phospho-AKT activity and significantly enhance
the ability of NPC cancer cells to migrate and invade. Hwang
and colleagues demonstrated that loss of fibulin-3 expression
was significantly correlated with advanced tumor and lymph
node-metastasis stages, and indicated a poor 5-year survival
rate. Lower fibulin-3 expression is an important indicator of
poor survival. It may also contribute to the development of
new therapeutic strategies to block the PI3K/AKT pathway in
NPC cancer cells [112].

PTEN

PTEN is protein tyrosine phosphatase that dephosphorylates
phosphatidylinositol 3,4,5-triphosphate (PIP3), the lipid sec-
ond messenger that activates AKT [113, 114]. EBV microR-
NAs are abundant in NPC tumors. MicroRNAs are small non-
coding RNAs that can inhibit the expression of target genes
through a small interfering RNA-like manner. Investigation
of potential EBV microRNA target genes revealed inhibition
of tumor suppressor genes, e.g. PTEN frequently involved in
NPC [115]. Loss of PTEN is associated with metastatic NPC.
Low PTEN is demonstrated in almost 80% of clinical stage II1I-
IV tumors versus about 20% of clinical stage I-II tumors [116].

Polycomb group (PcG)

Polycomb group (PcG) proteins are epigenetic gene-silencing
proteins that have been implicated in embryonic development
and oncogenesis. Numerous studies have shown that PcG pro-
teins are frequently dysregulated in various cancer types and
strongly correlate with an invasive or metastatic phenotype.
PcG protein B lymphoma Mo-MLV insertion region 1 ho-
molog (Bmi-1) is the first functionally identified PcG member.
PTEN is a direct target of Bmi-1. Bmi-1 binds to the PTEN lo-
cus and downregulates PTEN expression, which consequently
activates the PI3K/AKT pathway, stabilizes Snail, and down-
regulates E-cadherin, ultimately leading to enhanced invasive-
ness of epithelial cells [117]. Song et al demonstrated that the
5-year survival rate was 84.2% in the Bmi-1-negative group,
whereas it was only 47.6% in the Bmi-1-positive group. There
was a significantly higher 5-year survival rate in the Bmi-
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1-negative group than in the Bmi-1-positive group by log-rank
test (P = 0.019). Upregulation of Bmi-1 correlates with inva-
sion of NPCs and poor prognosis in patients [118].

Extracellular signal-regulated kinase (ERK)

The principal EBV oncoprotein, LMP1, has been suggested
to contribute to the highly invasive nature of NPC. Signal
transducer and activator of transcription 3 (STAT3) is a mas-
ter transcriptional regulator in proliferation and apoptosis and
is newly implicated in angiogenesis and invasiveness, which,
in turn, are likely to contribute to the highly invasive charac-
ter of NPC. Wang et al showed that LMP1 signals the Janus
kinase 3 (JAK3) and extracellular signal-regulated kinase 1/2
(ERK1/2) pathways upon the activation of STAT3 as well as
STAT transactivation activity. LMP1 induces VEGF expres-
sion via the JAK/STAT and mitogen-activated protein kinase
(MAPK)/ERK signaling pathways. LMP1 can directly activate
Ras, thus initiating the signaling cascade resulting in ERK ac-
tivation [119]. Wang and colleagues reported that there was
a statistically significant association between positive p-ERK
expression and advanced clinical stage. Positive p-ERK ex-
pression was correlated with poorer OS, DFS and time to pro-
gression (TTP) [120].

RKIP

RKIP is a metastasis suppressor whose expression is reduced
in NPC tissues and is absent in NPC metastases. RKIP expres-
sion altered the radiosensitivity of NPC cells through MEK
and ERK phosphorylation changes of Raf-1/MEK/ERK sign-
aling pathway. Down expression of RKIP was significantly
correlated with advanced clinical stage, lymph node metastasis
and radioresistance. Furthermore, survival curves showed that
patients with RKIP down expression had a poor prognosis and
induced relapse. Multivariate analysis confirmed that RKIP
expression was an independent prognostic indicator. Ruan and
colleagues suggested that RKIP may be a biomarker for the
radiation sensitivity and prognosis of NPC. The results could
help to provide new adjuvant therapies with radiotherapy for
individual radioresistant NPC patients [121].

1) Molecular targeted therapy in development: RKIP

RKIP as a biomarker for the radiation sensitivity of NPC could
provide for the development of new molecular targeted ther-
apy with radiotherapy for individual radioresistant NPC pa-
tients (Table 1).

Ras association domain family (RASSF)

Ras proteins are key signal transducers for various important
pathways, such as PI3K, MAPK, Rho GTPases. Over the last
few years, a group of proteins with Ras binding domain were
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identified as negative effectors of Ras. They were designated
as RASSF. Wang et al investigated the mechanisms of RASS-
F1A as a tumor suppressor gene in NPC. They found that pro-
moter methylation of RASSF1A could be detected in 71.05%
(27/38) of NPC samples, but not in normal nasopharyngeal
epithelia. RASSF1A expression in NPC primary tumors was
lower than that in normal nasopharyngeal epithelial (P < 0.01)
[122]. RASSF2 has been shown to bind directly with K-Ras
in a GTP-dependent manner and its growth inhibition effect
could be enhanced in the presence of activated Ras. RASSF2A
is the only isoform of RASSF2 that contains CpG islands in
its promoter and it has been reported to be inactivated by its
promoter methylation in several human cancers. Zhang et al
investigated the correlation of RASSF2A expression with its
promoter methylation in NPC. Expression of RASSF2A was
downregulated in 80% (4/5) of NPC cell lines. Decreased
RASSF2A expression was also observed in NPC primary tu-
mors compared with normal nasopharyngeal epithelia. RASS-
F2A-methylated cases showed a significantly lower level of
RASSF2A expression than unmethylated cases. Patients with
methylated RASSF2A presented a higher frequency of lymph
node metastasis (P < 0.05) [123]. RASSF2A methylation can
be considered as such an indicator of the propensity of lymph
node metastasis, and would have a great potential in clinical
application. In addition, methylation-mediated inactivation
is potentially a reversible phenomenon. Turning this process
around and up-regulating RASSF2A may probably prevent or
reverse the malignant and metastatic phenotype, and therefore
become a novel therapeutic target in NPC treatment.

1) Molecular targeted therapy in development: demethylation
of RASSF2A

Demethylation of RASSF2A and up-regulating RASSF2A
may probably prevent or reverse the malignant and metastatic
phenotype, and therefore become a novel therapeutic target in
NPC treatment (Table 1).

Receptor-mediated aberrations

Pigment epithelium-derived factor (PEDF)

PEDF is a potent and versatile endogenous inhibitor of angio-
genesis [124]. A heterogenic xenografted human NPC nude
mice model was established to investigate the effect of PEDF,
and the combined effect of PEDF and radiotherapy on NPC.
PEDF remarkably suppressed the growth of NPC by 43.52%
and decreased the tumor microvessel density (MVD). PEDF
decreased VEGF in NPC cell lines by downregulation of HIF-
la, a crucial transcriptional factor for VEGF expression. Xu
and colleagues demonstrated that the combination of PEDF
with radiotherapy enhances the efficacy of the antitumor effect
on NPC by the coordinated inhibition on angiogenesis, which
implies the potential role of PEDF as an adjuvant agent for
NPC treatment [125].
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VEGF-C

The contribution of the lymphatic system to tumor metasta-
sis is being increasingly appreciated through studies of hu-
man cancers. As the biological behavior of NPC depends on
its nodal status, patients with advanced nodal status show a
higher tendency toward a poor outcome. Wakisaka et al re-
ported that the lymphatic vessel counts (LVC) and VEGF-C
expression were significantly higher in cases with advanced
regional lymph node metastasis (N2,3) than those with no or
limited lymph node involvement (NO,1) (P = 0.0380 and P =
0.0109, respectively) [126].

Cell cycle aberrations

C-myc levels

C-myc is critical to the regulation of several important G1/S
phase proteins; it sequesters inhibitory p27 from the CDK2/
cyclin E complex, thus allowing for cell proliferation and pro-
gression through the G1 phase (Nesbit et al 1999). The study
of Yu and colleagues showed that patients with c-Myc positive
nasopharyngeal tumors had lower recurrence and death rates
(38% (11/29) and 34% (10/29), respectively) than those with
c-Myc negative tumors (73% (16/22) and 64% (14/22), respec-
tively) [127]. The study of Hwang et al showed that decreased
c-myc levels are found in 60% of NPC tumors and correlate
with more aggressive NPC tumors with higher rates of lymph
node metastasis [83]. This study also showed that poorly dif-
ferentiated (types 2 and 3) NPC is more associated with low
c-Myc levels, whereas well-differentiated (type 1) NPC has
higher c-Myc levels.

The Myc protein is a transcription factor that regulates a
variety of cellular processes including cell growth and prolif-
eration, cell cycle progression, differentiation, apoptosis, and
cell motility. Potential strategies that either inhibit the prolifer-
ation-promoting effect of Myc and/or activate its pro-apoptotic
function are presently being explored [128].

1) Molecular targeted therapy in development: inhibition of
the effect of Myc

Potential strategies that either inhibit the effect of Myc and/
or activate its pro-apoptotic function are presently being ex-
plored.

Galectin-3

Galectin-3 was shown to be involved in various biological
events, including cell growth, adhesion, differentiation, angio-
genesis, apoptosis, tumorigenesis, and metastasis. Acikalin and
colleagues evaluated the expression of cyclin D1 and galec-
tin-3 using immunohistochemical analysis in 45 patients diag-
nosed as undifferentiated NPC. Multivariate analysis showed
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that older age (> 50 vs. < 50) (P =0.028), distant metastasis at
presentation (M1 vs. M0) (P=0.001), and increased galectin-3
expression (> 5% vs. < 5%) (P = 0.025) were independently
correlated with poor OS. The Spearman’s correlation coeffi-
cient revealed a significant correlation between galectin-3 and
cyclin D1 expression (r = 0.425; P = 0.004). These findings
suggested that the immunohistochemical analysis of galectin-3
might be useful in predicting prognosis in NPC [129].

MicroRNA (miRNA) miR-218

MiRNAs represent a class of naturally occurring small non-
coding RNA molecules. They regulate gene expression at the
post-transcriptional level and control thereby cellular mecha-
nisms including developmental transitions, organ morphology,
apoptosis and cell proliferation. As might be expected from
molecules with these roles, miRNAs are involved in cancer
development, and deregulation of several miRNAs has been
found in various cancer types [130]. Wong et al demonstrated
that miRNAs of let-7 family suppress NPC cell proliferation
through downregulating c-Myc expression [131]. Frequent
downregulation of the microRNA miR-218 plays a critical
role in NPC progression. Suppression of miR-218 was associ-
ated with epigenetic silencing of SLIT2 and SLIT3, ligands
of ROBO receptors that have been previously implicated in
tumor angiogenesis. Exogenous expression of miR-218 caused
significant toxicity in NPC cells in vitro and delayed tumor
growth in vivo. In clinical specimens of NPC (n = 71), Alajez
and colleagues demonstrated that ROBO1 overexpression was
significantly associated with worse overall (P = 0.04, HR =
2.4) and nodal relapse-free survival (P = 0.008, HR = 6.0).
These findings defined an integrative tumor suppressor func-
tion for miR-218 in NPC and further suggested that restoring
miR-218 expression in NPC might be useful for its clinical
management [132].

1) Molecular targeted therapy in development: miRNAs

MiRNAs of let-7 family suppress NPC cell proliferation (Ta-
ble 1).

Checkpoint with forkhead-associated and ring finger
domains (CHFR)

CHEFR is a mitotic checkpoint regulator that delays chromo-
some condensation in case of abnormal spindle formation
[133]. Epigenetic inactivation of CHFR via aberrant hyper-
methylation of promoter region is frequently observed in many
cancer cell lines and primary tumors [134]. In the study of
Cheung and colleagues, hypermethylation of CHFR promoter
CpG was detected in 100% NPC cell lines and xenografts (11
outof 11) and in 61.1% (22 out of 36) of NPC samples, but not
in nonmalignant nasopharyngeal cell lines or tissues. The re-
sult indicates that downregulation of CHFR may play a role in
the development of NPC. Undetectable or reduced expression
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of CHFR mRNA was also correlated with hypermethylation in
all NPC cell lines as well as human NPC xenografts. Cheung
and colleagues also found that eight NPC cell lines (100%)
showed decreased or undetectable levels of CHFR mRNA
which correlated to the aberrant hypermethylation of CpG
islands in CHFR promoter region. More importantly, hyper-
methylation of CHFR promoter was detected in 61.1% (22 out
of 36) of primary NPC tumors, implicating that inactivation of
CHFR through methylation is common and will probably play
an important role in the development of NPC [134]. Huang et
al reported that the methylation frequency of CHFR in NPC
primary tumors and their paired swabs were 65.5% and 63.8%,
respectively [135]. Epigenetic inactivation of CHFR may be
used as a diagnostic marker to monitor disease progression and
recurrence. Downregulation of CHFR may serve as a molecu-
lar marker for predicting cellular sensitivity to certain micro-
tubule disrupting anticancer drugs [134]. Moreover, aberrant
DNA methylation has been recognized to be associated with
the transcriptional inactivation of genes related to cancer drug
resistance development. In order to identify the mechanism of
DNA methylation involved in NPC taxol resistance, Zhang and
colleague applied a genome-wide DNA methylation microar-
ray assay to reveal methylation alteration in taxol-resistant
NPC cell lines. Forty-eight differentially methylated genes
were further identified in the three taxol-resistant cell lines.
Six of them (CHFR, DLCI1, ABCC5, PEG10, ERBB2, and
GSTP1) were independently confirmed to contribute to taxol
resistance by both methylation-specific PCR and quantitative
real-time PCR. The authors conclude that DNA methylation
is closely correlated with taxol drug resistance in NPC cells.
Combined analysis of DNA methylation and gene expression
may enable the discovery of new prognostic biomarkers of
cancers and novel therapeutic targets [136].

Centromere aberration

Centromere protein H (CENP-H)

CENP-H is one of the fundamental components of the human
active kinetochore. The kinetochore is a large multiprotein
complex that is assembled on centromeric DNA. It serves as the
attachment site for spindle microtubules. Several kinetochore
proteins have been identified in humans, including CENP-A,
CENP-B, CENP-C, CENP-E, CENP-F, CENP-H, CENP-1,
and INCENP. Kinetochore malfunction is a major cause of an-
euploidy and is closely associated with carcinogenesis [137].
The overexpression of CENP-H has been shown to be closely
associated with human cancers [138]. By immunohistochemi-
cal analysis, Liao et al found that 76 of 160 (47.5%) paraffin-
embedded archival NPC biopsies showed high expression of
CENP-H. Statistical analysis showed that there was a signifi-
cant difference of CENP-H expression in patients categorized
according to clinical stage (P = 0.024) and T classification (P
=0.027). Patients with higher CENP-H expression had shorter
OS time, whereas patients with lower CENP-H expression had
better survival. Multivariate analysis showed that CENP-H ex-
pression was an independent prognostic indicator for patient’s
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survival [137].

Conclusion

The majority of newly diagnosed NPC patients have loco-
regionally advanced disease [139]. A standard therapy for
patients with loco-regionally advanced NPC is concurrent
cisplatin chemotherapy followed by adjuvant chemotherapy.
Although whether adjuvant chemotherapy is necessary has
been debated, experts agree that cisplatin given concurrently
with radiation improves OS [21]. The 5-year survival rate after
treatment is approximately 70% [15, 140, 141]. Thirty to forty
percent of patients will develop distant metastasis within 4
years [142], and once metastasis occurs, the prognosis is very
poor.

In the era of new targeted molecules, two phase 2 trials of
the addition of targeted agents to cisplatin and IMRT have been
done. The first, done by Ma and colleagues in Hong Kong,
used cetuximab to target EGFR, whereas the second, done by
the Radiation Therapy Oncology Group (RTOG) used bevaci-
zumab to exploit the angiogenesis pathway. Both trials used
IMRT and although Ma and colleagues gave cisplatin once a
week, the RTOG group used the standard regimen of cisplatin
administered once every 3 weeks before adjuvant treatment
with cisplatin and fluorouracil. In terms of concurrent cisplatin
delivered, half the patients in Ma and colleagues’ trial received
at least six cycles of cisplatin (30 mg/m?), whereas more than
two-thirds of those in the RTOG study received three cycles of
concurrent cisplatin (100 mg/m?).

Both agents seemed well tolerated, the main side-effect
of cetuximab being acneiform rash, whereas bevacizumab was
associated with only a slightly higher incidence of grade 1-2
bleeding. Severe (grade 3-4) acute mucositis was noted in 87%
of patients in the Ma and colleagues’ study and just over three-
quarters of those in the RTOG trial. Whether this difference is
a factor of the frequency of cisplatin administration or the ad-
dition of the new targeted agent or a combination of both fac-
tors is not clear. Because control of distant metastasis should
be the main objective of this strategy, it is encouraging to know
that both trials resulted in 2-year DMFS of about 90% [143].
These promising results in early clinical trials should be vali-
dated in phase III clinical trials. Moreover, in order to further
improve OS for patients with loco-regionally advanced NPC,
the development of innovative strategies, including prognostic
molecular markers and molecular targeted agents, is needed.
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