ONCOLOGY LETTERS 9: 113-118, 2015

pS3, MDM2, elF4E and EGFR expression in nasopharyngeal
carcinoma and their correlation with clinicopathological
characteristics and prognosis: A retrospective study
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Abstract. In the present study, the expression of p53, mouse
double minute 2 homolog (MDM?2), eukaryotic translation
initiation factor 4E (eIF4E), and epidermal growth factor
receptor (EGFR) were investigated in nasopharyngeal carci-
noma (NPC), and the correlation between their expression and
clinicopathological characteristics and prognosis was analyzed.
The medical records of 96 NPC patients who had undergone
biopsy prior to radical radiotherapy and chemotherapy between
2005 and 2009 were reviewed, retrospectively. All patients
received intensity-modulated radiotherapy with concurrent
platinum-based chemotherapy. Patients were followed-up for
three years. Streptavidin-peroxidase immunohistochemistry
was used to evaluate the expression of p53, MDM?2, elF4E
and EGFR in NPC biopsy specimens, and the association
between their expression and clinical parameters and survival
was analyzed. The p5S3, MDM2, eIF4E and EGFR expression
rates were 65.6% (63/96), 79.16% (76/96), 77.08% (74/96)
and 89.5% (86/96), respectively. p53 (%*,20.322; P=0.001)
and EGFR (%,8.337; P=0.005) expression were found to
correlate with T stage, whereas MDM?2 (%%,16.361; P=0.001)
expression was found to correlate with lymph node metas-
tasis. p53 expression was found to inversely correlate with
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MDM2 expression (1, -3.24; P<0.05). Three-year survival rates
were lower in p53-positive (76.2%) patients when compared
with p53-negative (93.9%) patients. In addition, three-year
survival rates were lower in EGFR-positive (75.8%) patients
than in EGFR-negative patients (91.2%). The Cox propor-
tional-hazards regression model revealed that pS3 (,-0.455;
¥%,5.491; P=0.019) and EGFR (B, 3.93; ¥, 11.95; P=0.001)
expression were independent prognostic factors. Thus, it was
hypothesized that p53 and EGFR expression present potential
unfavorable prognostic markers for patients with NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is the most commonly
diagnosed type of head and neck cancer in Southeast
Asia, with a reported annual incidence of 30-80 cases per
100,000 individuals in endemic regions (1). The p53 tumor
suppressor gene is one of the most frequently studied genes.
P53 mutations or deletions occur with a high frequency in the
majority of tumor types and are associated with malignant
transformation and tumor progression (2,3). Mouse double
minute 2 homolog (MDM?2) is an important negative regulator
of the p53 pathway and its overexpression has been associated
with tumor invasion and metastasis (4). Eukaryotic translation
initiation factor 4E (eIF4E), a proto-oncogene, is important
in translational regulation and its overexpression selectively
increases the mRNA translation of proteins associated with
tumor growth, invasion and metastasis. eI[F4E overexpression
has been identified in various malignant tumors, including
cervical, ovarian, esophageal, lung and liver cancer. Previous
studies have shown that eIF4E is overexpressed in ~100% of
head and neck cancers and has been found to correlate with
poor prognosis (5-7). The epidermal growth factor receptor
(EGFR), which is encoded by the c-erbB-1 proto-oncogene, is
a member of the ErbB family of protein tyrosine kinase recep-
tors and is involved in the regulation of cellular metabolism,
growth, migration and differentiation. EGFR is overexpressed
in numerous cancer types, including non-small cell lung, breast,
prostate and colorectal cancer (8). Therefore, EGFR has become
a key target for molecular-based therapies.
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The aim of this retrospective study was to examine p53,
MDM2, eIF4E and EGFR expression, and their association with
clinical characteristics and survival rates in 96 cases of NPC.

Materials and methods

Patients and treatment. This study was approved by the Ethics
Committee of Sichuan Provincial Cancer Hospital (Chengdu,
China). A total of 96 patients with complete medical records,
who were treated at Sichuan Provincial Cancer Hospital
(Chengdu, China) between 2005 and 2009 were included in
the study. The patients consisted of 74 male and 22 female
individuals aged between 30 and 77 years (mean age + stan-
dard deviation, 49.9+10.92 years). NPC tissue samples were
obtained prior to radiotherapy and chemotherapy using an
electronic nasopharyngoscope. All tumor tissue samples
were fixed in 10% formalin,embedded in paraffin and cut into
4-pm-thick sections. All patients received intensity-modu-
lated radiotherapy on nasopharyngeal areas, skull basal
lesions and positive neck lymph nodes. The following radio-
therapy dosages were administered over 28 to 33 sessions:
Gross tumor volume (GTV)nx, 66-76 Gy; GTVIn, 60-70 Gy;
clinical target volume (CTV)I, 60-66 Gy; CTV2, 54-60 Gy;
and CTVln, 50-55 Gy. The Cobalt-60 or 6 megavoltage X-ray
conventional anterior neck half-field technique was used with
a dose of 46-50 Gy for radiotherapy of the lower neck and
supraclavicular target regions (9). All patients also underwent
concurrent cisplatin-based chemotherapy. Induction chemo-
therapy regimens included docetaxel (75 mg/m? on day 1)
in combination with cisplatin (100 mg/m? on days 1-3) and
cisplatin (100 mg/m? on days 1-3) in combination with fluo-
rouracil (750 mg/m? on days 1-4). Concurrent chemotherapy
regimens included cisplatin alone (100 mg/m? on days 1-3)
and cisplatin (100 mg/m? on days 1-3) in combination with
fluorouracil (750 mg/m? on days 1-4). Induction and concur-
rent chemotherapy comprised of one cycle every 21 days.
Supplementary chemotherapy regimens were the same as
those used for induction chemotherapy. Written informed
consent was obtained from all patients.

Patient follow-up. All patients were followed-up for between
three and six years. During the first year of treatment, patients
had one follow-up session every three months. During the first
year of treatment patients were followed up every three months.
During the second and thurd years following treatment,
follow-up was performed every six months. After the third year,
follow-up was then performed annually. The follow-up sessions
involved indirect nasopharyngoscopy, nasopharyngeal and neck
computed tomography/magnetic resonance imaging, abdominal
B-mode ultrasonography, chest radiography and blood tests.

Immunohistochemistry. pS3, MDM2, EIF4E and EGFR
expression were determined by immunohistochemistry
using the histostain-streptavidin peroxidase kit (#95-9943;
Invitrogen Life Technologies, Carlsbad, CA, USA) according to
the manufacturer's instructions. Archived paraffin-embedded
sections of NPC tumor tissues (4 pm) were deparaffinized and
rehydrated. Antigen retrieval was performed using 0.01 M
citrate buffer solution (pH 9.0) under pressurized steam
for 10 min. The sections were then cooled, washed with
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phosphate-buffered saline (PBS), blocked with 5% serum
and incubated with mouse anti-human monoclonal p53 (1:500
dilution), mouse anti-human monoclonal MDM2 (1:1,000 dilu-
tion), rabbit anti-human polyloclonal EIF4E (1:1,000 dilution)
and mouse anti-human monoclonal EGFR (1:1,000 dilution)
primary antibodies (Abcam, Cambridge, UK) ab1101, ab3110,
ab1126, ab131498) overnight at 4°C. After washing with PBS,
the tissue samples were incubated with biotinylated goat
anti-mouse polyclonal IgG secondary antibody for 60 min at
37°C. Next, the samples were washed with PBS, stained with
diaminobenzidine solution, counterstained with hematoxylin,
dehydrated and sealed. Positive NPC tissue sections were used
as a positive control and tissue sections incubated with PBS
instead of primary antibodies were used as negative controls.
The percentage of positive cells was quantitated by counting
100 cells in four random microscopic fields (Olympus BH2;
Olympus Corporation, Tokoy, Japan). Immunostaining was
categorized into four groups according to the percentage
of positive cells: (-), <5% positive cells; (+), 5-25% positive
cells; (++), 26-50% positive cells; and (+++), =51% positive
cells. Negative expression was represented by (-) and positive
expression by (+) to (+++).

Statistical analysis. All statistical analyses were performed
using SPSS software, version 17.0 (SPSS, Inc., Chicago, IL,
USA). Differences in count data were analyzed using the %’ test,
and Spearman's rank correlation test was used for correlational
analysis. The Kaplan-Meier estimator was used to calculate
survival rates. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of p53, MDM2, EGFR, and elF4E in NPC. The
expression of p53, MDM2, EGFR and elF4E in NPC was
found to be localized in the nucleus. The expression levels of
p53, MDM2, EGFR and elF4E were 65.6% (63/96), 79.16%
(76/96), 89.5% (86/96) and 77.08% (74/96), respectively.

Association between p53, MDM2, EGFR and elF4E
expression and T stage, clinical stage and lymph node
metastasis. The expression levels of p53 and EGFR were
significantly associated with NPC T stage, according to the
2002 Union for International Cancer Control staging system
(Tables I and II) (10). pS3 and EGFR expression levels were
significantly lower in early T1 and T2 stages than in late T3
and T4 stages (p53; %*,20.322; P=0.001; EGFR: 2, 8.337,
P=0.005). The expression levels of p53 and EGFR were also
significantly associated with clinical stage (Tables I and II).
The expression levels of p53 and EGFR in stage I+II NPC were
significantly lower than that in stages III+IV (p53: ¥*,4.809;
P=0.037; EGFR: y?, 15.128; P=0.001). Furthermore, MDM2
expression levels were significantly higher in NPC patients
with lymph node metastasis than in those without lymph node
metastasis (%, 16.361; P=0.001) (Table I). However T stage,
clinical stage and lymph node metastasis were not associated
with elF4E expression.

Association between p53 and MDM?2 expression in NPC.
Spearman's rank correlational analysis revealed a significant
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Table I. Association between p53 and MDM?2 expression and the clinical characteristics of 96 nasopharyngeal carcinoma patients.

pS3 MDM2
Clinical characteristics No. of cases - + to +++ y* value  P-value - +to+++  y*value P-value
T stage 20.322 0.001 1.748 0.215
T1+2 45 5 40 12 23
T3+4 51 28 23 8 53
Lymph node metastasis 0.157 0.732 16.361 0.001
No 10 4 6 7 3
Yes 86 29 57 13 73
Clinical stage 4.809 0.037 0.976 0.366
I+II 21 3 18 6 15
HI+1vV 75 30 45 14 61

MDM?2, mouse double minute 2 homolog.

Table II. Association between EGFR and eIF4E expression and the clinical characteristics of 96 nasopharyngeal carcinoma

patients.
EGFR elFAE
Clinical characteristics No. of cases - +to+++  y>value P-value - +to+++ % value P-value
T stage 8.337 0.005 4404 0.051
T1+2 45 9 36 6 39
T3+4 51 1 50 16 35
Lymph node metastasis 1.099 0.278 0.317 0.691
No 10 2 8 3 7
Yes 86 8 78 19 67
Clinical stage 15.128 0.001 1.651 0.242
I+11 21 7 14 7 14
HI+1V 75 3 72 15 60

EGFR, epidermal growth factor receptor; eIFAE, eukaryotic translation initiation factor 4E.

negative correlation between the expression levels of p53 and
MDM2 (1, -3.24; P<0.05).

Association between p53, MDM2, EGFR and elF4E expres-
sion and survival rate. The three-year disease-free survival
and overall survival (OS) rates for the patient population
were 73.9 and 84.4%, respectively. The three-year OS rates
were 76.2 and 93.9% in patients with p53-positive and -nega-
tive expression, respectively, and 75.8% and 91.2% in patients
with EGFR-positive and -negative expression, respectively.
Therefore, positive expression of p53 (y2, 4.682; P=0.046)
and EGFR (y?, 5.682; P=0.046) was associated with a
poor prognosis (Fig. 1). Cox regression model multivariate
analysis revealed that p53 (B, -0.455; %*, 5.491; P=0.019) and
EGFR (B, 3.93; %%, 11.95; P=0.001) were both independent
prognostic factors for survival in NPC. By contrast, MDM?2
and elF4E expression were not associated with survival in
NPC.

Discussion

NPC is a common malignant tumor in China and the stan-
dard treatment is radiation therapy. Following radiotherapy,
the five-year survival rate is ~40-50% (11). Therefore, it
is important to investigate novel adjuvant treatments to
improve the five-year survival rates of patients with NPC.
With the development of biological therapies for tumors,
molecular targeted therapy has become a novel area for the
study of tumor therapy. EGFR is expressed in 88-100% of
head and neck squamous cell carcinomas, and is important
in tumor cell growth, repair and survival. Furthermore, its
overexpression often indicates a poor prognosis, early metas-
tasis, chemotherapy resistance or a shorter survival (12-14).
Therefore, EGFR has become a key target for cancer gene
therapy. In the present study, EGFR was highly expressed
in NPC. EGFR-positive expression was observed in 86 out
of 96 NPC patients and was found to be associated with
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Figure 1. Association between p53, EGFR, MDM?2 and eIF4E expression and survival. The Kaplan-Meier method was used to calculate survival rates in
96 nasopharyngeal carcinoma patients. EGFR, epidermal growth factor receptor; MDM2, mouse double minute 2 homolog; elF4E, eukaryotic translation

initiation factor 4E.

aggressive clinical behavior, including advanced T clinical
stages. Furthermore, EGFR expression was an independent
prognostic factor for survival. A worse survival was observed
in patients with positive EGFR expression when compared
with patients with negative EGFR expression.

The p53 pathway is one of the most important pathways
that regulates the cell cycle. p53 is activated in response
to various internal and external stresses and results in an
increase in the p21 transcription factor and its translational
products. p21 induces Gl cell cycle arrest and DNA repair
by inhibiting cyclin-dependent kinase 5 and increasing the
expression of the growth arrest and DNA damage induc-
ible genes. When DNA damage cannot be repaired, p53
induces apoptosis by increasing Bcl 2-associated protein X
(BAX) expression and the formation of BAX homodimers.
Mutations in the p53 gene are one of the most common
genetic alterations found in human tumors. Approximately
50% of human tumors exhibit p53 mutations (15-17). In
the present study, p53-positive expression was identified in
65.6% of the NPC cases. Positive p53 expression was associ-
ated with poor clinical characteristics, including advanced
T and clinical stages. Furthermore, p53 expression was an
independent prognostic factor of survival. Patients with posi-
tive p53 expression exhibited a worse three-year survival rate
than those with negative p53 expression.

MDM2 inactivates p53 via direct binding or its E3
ubiquitin ligase activity, which targets p53 for proteasomal

degradation. Wild-type p53 is unstable, has a very short
half-life and is rapidly degraded by the ubiquitin pathway,
whereas mutated p53 is very stable and not easily degraded.
In the present study, pS3 expression was found to negatively
correlate with MDM?2 expression. Recent studies have
reported that MDM?2 expression in malignant tumors is
associated with invasion, metastasis, poor prognosis and
chemotherapy resistance (18-21). In the present study, high
MDM2 expression was identified in NPC (79.16%) and was
found to significantly correlate with N stage. MDM?2 expres-
sion levels were significantly higher in NPC patients with
lymph node metastasis than in those without lymph node
metastasis. However, MDM?2 expression was not associated
with T stage, clinical stage or survival in NPC.

elF4E is a rate-limiting factor in protein synthesis and
is distributed throughout the cytoplasm and nucleus in
free-floating or multiprotein complex forms in almost all
eukaryotic cells. eIF4E expression is regulated by c-myc,
RAS and other oncogenes, and its overexpression selectively
increases the mRNA translation of proteins associated with
tumor growth and invasion, including fibroblast growth
factor-2, transforming growth factor-f, platelet-derived
growth factor and vascular endothelial growth factor (VEGF).
elF4E overexpression is considered to be a valuable prognostic
marker in various tumor types (22,23). In the present study,
positive eIF4E expression was present in 74 out of 96 NPC
cases (77.08%). However, eIFAE expression was not associated
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with T stage, clinical stage, lymph node metastasis or survival
in NPC.

A complex association has been identified between p53,
MDM?2 and EGFR expression in a number of human tumors,
whereby p53 protein expression was significantly lower and the
EGFR and MDM2 expression were higher when compared with
that of the normal tissues (24). However, the association between
alterations in p53, MDM?2, EGFR and the survival of patients
with anaplastic astrocytoma or glioblastoma remains controver-
sial (25). In comparison with the initial tumor, recurrent lesions
were characterized by a reduced expression of p53 and the
number of MDM?2 and EGFR positive specimens was reduced.
Overexpression and deletion mutations of the EGFR gene, as
well as MDM?2 overexpression, have been linked to the absence
of p53 gene mutations in human glioblastoma multiforme (26).
High expression of VEGF and EGFR were independent adverse
prognostic factors for long-term outcomes in nonmetastatic
NPC independent of clinical stage (27). Mutations of p53 were
associated with the overexpression of EGFR and absence of
MDM?2 in human esophageal carcinomas (28). In vivo studies
have revealed that wild-type p53 activates the promoter of
EGFR (28). Furthermore, clinical studies have demonstrated
that the expression of p53, MDM2 and EGFR are prognostic of
human cancers. Numerous studies have reported that the altered
expression of these three genes were associated with poor
survival and were prognostic of glioblastoma patients (30-37).
For example, Ruano et al (37) reported that poor outcome in
primary glioblastoma multiforme patients is associated with
concurrent EGFR and p53 alterations. Furthermore, p53, EGFR
and MDM?2 are also predictive markers in breast cancer (38),
lung cancer (39), blastomatoid pulmonary carcinosarcoma (40),
Wilms' tumor (41), anaplastic thyroid carcinoma (42), bladder
cancer (43) and prostate cancer (44). However, p5S3, MDM2,
elF4E and EGFR have not been previously associated with clin-
ical characteristics in NPC. In this study, the expression of these
proteins were detected and their correlation with clinicopatho-
logical characteristics and prognosis in NPC was investigated.
The results indicated that p53 and EGFR expression correlate
with T stage, whereas MDM2 expression correlates with lymph
node metastasis. In addition, p53 and EGFR expression were
identified as independent prognostic factors in NPC.
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