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Abstract: Nasopharyngeal carcinoma is a common tumor in southern China. Its occurrence/progression is cor-
related with EB viral infection. A molecular study showed the participation of the PI3K/AKT and ERK/MAPK signal
transduction pathways in the proliferation and apoptosis of malignant tumors. This study thus selected nasopha-
ryngeal patients and cultured CNE-2Z model cells to test cell apoptosis and the expressions of related proteins.
The implications of the PI3K/AKT and ERK/MAPK signal pathways in nasopharyngeal carcinoma is also illustrated.
Nasopharyngeal carcinoma patients were recruited to measure their AKT, ERK1/2, p-AKT, and p-ERK1/2 expres-
sions. CNE-2Z cells were treated with Wortmannin and/or PD98059. Cell morphology, apoptosis, and the expres-
sions of AKT, ERK1/2, p-AKT, and p-ERK1/2 proteins were measured by fluorescence, TUNEL assay and Western
blot, respectively. Nasopharyngeal carcinoma tissues had a 70% positive rate of AKT, a 60% rate of ERK1/2, 80%
of p-AKT, and 70% p-ERK1/2 positive expression (P<0.05 compared to the control or adjacent tissues). The CNE-2Z
cells in the experimental group had an elevated apoptosis rate and a higher expression of AKT, ERK1/2, p-AKT, and
p-ERK1/2 (P<0.05 compared to control group). PD98059 and the Wortmannin group had enhanced CNE-2Z cell
apoptosis plus higher AKT and ERK1/2 expressions and lower p-AKT or p-ERK1/2 expression compared to either
PD98059 or the Wortmannin group. All three groups showed potentiated apoptosis over time. p-AKT and p-ERK1/2
are up-regulated in nasopharyngeal carcinoma tissues. The down-regulation of PK3K/AKT and ERK/MAPK facili-
tated CNE-2Z cell apoptosis.
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Introduction gression of multiple malignant tumors, and

these pathways have become a research focus

Nasopharyngeal carcinoma frequently occurs
in southern China and is a common cancer in
head-neck malignant tumors. Without timely
diagnosis and treatment, it frequently leads to
distal metastasis, thus severely threatening
patients’ health. However, due to the complex
anatomical structure of the nasopharyngeal
cavity, carcinoma usually has insidious symp-
toms, which are frequently ignored. Many
patients are already at the terminal stage when
they are diagnosed, at which time about
5%~10% patients already have distal metasta-
sis. Among stage IV patients, about 40% of the
cases are at stage Iva, and more than 50% are
at stage IVb [1, 2]. Focal invasion and distal
metastasis are important biological features of
malignant tumors, involving multiple genes and
cytokines. A previous study showed the partici-
pation of the PK3K/AKT and ERK/MAPK signal
transduction pathways in the onset and pro-

for tumor treatment. The PK3K/AKT signal
transduction pathway has been found to par-
ticipate in the anti-apoptotic process of malig-
nant tumor cells. Meanwhile, it can also regu-
late the normal progression of cell cycles, acti-
vate telomerase, and regulate angiogenesis,
thus participating in cell invasion/migration,
and playing a critical role in the proliferation,
differentiation and apoptosis of malignant
tumor cells [3, 4]. Extracellular signal regulatory
kinase (ERK) is one important member of the
MAPK family. A previous study showed the par-
ticipation of the ERK1/2 signal transduction
pathway in the proliferation of malignant
tumors. In ovary cancer, gastric carcinoma and
the pulmonary cancer ERK1/2 is highly ex-
pressed. Its phosphorylation and consequent
activation can penetrate across nuclear mem-
branes, enhancing the expression of down-



Molecular markers of nasopharyngeal cancer

stream signal molecules such as cyclin D1 and
Ki-67, thus facilitating the over-proliferation of
malignant tumor cells and transformation.
Studies in breast cancer patients found that
the up-regulation of p-ERK1/2 phosphorylated
activity in cultured breast gland epithelial cells
could facilitate the transformation of normal
epithelial cells into malignant tumor cells [5-7],
indicating that the participation of abnormal
activation of ERK1/2 in the occurrence and
progression of malignant tumors. Both of those
have been found to be expressed in nasopha-
ryngeal carcinoma cells, leaving its detailed
mechanisms unclear. This study recruited
nasopharyngeal carcinoma patients and CN-
E2Z cells for analyzing the effect of the PK3K/
AKT and ERK/MAPK signal transduction path-
ways in the onset and progression of nasopha-
ryngeal carcinoma.

Materials and methods
General information

A total of 40 nasopharyngeal carcinoma pa-
tients who were admitted to Qingdao Third
People’s Hospital (Qingdao, Shandong, China)
from January 2017 to January 2018 were rec-
ruited as the experimental group, which includ-
ed 20 males and 20 females, between 25 and
75 years old (average age =46.1+9.4 years). All
patients were diagnosed by pathology, includ-
ing 10, 18, and 12 cases of phase |, phase |l
phase Il patients. Another cohort of 20 patients
with benign nasopharyngeal lesions in the
General Hospital of Daqging Oil Field during the
same period was included in the control group,
which consisted of 12 males and 8 females
(average age =45.1+3.4 years). No significant
difference existed in sex or age between two
groups, which were thus comparable (P > 0.05).

The study protocol was approved by the Re-
search Ethics Committee of Qingdao Third Peo-
ple’s Hospital (Qingdao, Shandong, China), and
all patients gave their informed consent before
the study began.

Experimental cells

The nasopharyngeal carcinoma cell line CNE-
2Z was obtained from the Heilongjiang Uni-
versity of Chinese Medicine.

Experimental reagents

AKT, ERK1/2, p-AKT, a p-ERK1/2 primary anti-
body kit, and a DAB test kit were purchased
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from Maixin Biotech (China). Wortmannin and
P98059 were purchased from Promega (US).
Rabbit anti-mouse AKT, ERK2/2, p-AKT, and
p-ERK1/2 polyclonal antibody, and goat anti-
rabbit secondary antibody were purchased
from Gibco (US).

IHC staining for expression of AKT, ERK1/2, p-
AKT and p-ERK1/2 in nasal mucosal tissues

The tissues were fixed, immersed in paraffin,
and were embedded. Tissue slices were pre-
pared, de-waxed, and rehydrated. After heat
antigen retrieval, the tissues were blocked and
incubated in a primary antibody (1:200) for 1 h,
followed by a secondary antibody (1:100) for 10
minutes’ incubation. DAB substrate was added
to develop the slice. After quenching, counter-
staining was performed, followed by differentia-
tion, mounting and capturing the images.

AKT, ERK1/2, p-AKT and p-ERK1/2 positive
staining was defined as no staining in the
nuclei, and brown to yellow brown granules in
the cytoplasms or membranes. Based on the
positive stained cell number, negative (-) was
defined as less than 10% of positive cells; weak
positive (+) was defined as 11%~25% of stained
cells; positive (++) was defined as 26%~50% of
positive cells; and strong positive (+++) was
defined as > 50% of positive cells.

Experimental grouping

PD98059 group: Nasopharyngeal carcinoma
CNE-2Z cells were cultured in a 1640 medium
containing 10% FBS in a 37°C chamber with
5% CO, at fixed humidity. After digestion in
0.25% trypsin, the cells were inoculated in a
24-well plate at 200 L per well containing 10°
cells. When the cells reached 80% confluence,
they were cultured in 1% FBS medium for 24 h
for passage. CNE-2Z cells at the log-growth
phase were counted and inoculated into cul-
ture plates for attached growth overnight. 2%
FBS was added for a 24 h culture, followed by
incubation in a DMEM medium with 10% FBS.
PD98059 (50 umol/L) was added for 1 h treat-
ment, followed by continuous incubation.

Wortmannin group: The cells were cultured as
described above. Wortmannin (100 pmol/L)
was added for 1 h intervention, followed by con-
tinuous incubation.

PD98059 + Wortmannin group: The cells were
cultured as described above. 50 umol/L PD-
98059 and 100 umol/L Wortmannin were
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Table 1. The expression of AKT, ERK1/2, p-AKT,
and p-ERK1/2 in nasal mucosal tissues by IHC

Experiment group

(n=40) Control
Item - group
ancer Tumor adjacent (n=40)
tissue tissue
AKT
- 12 17 38
+-++ 17 3 2
+++ 11 0 0
Positive rate (%) 703" 15 5
p-AKT
- 8 32 36
+-++ 14 8 4
+++ 18 0 0
Positive rate (%) 802° 20 10
ERK1/2
- 16 36 38
+-++ 16 4 2
+++ 18 0 0
Positive rate (%) 60" 10 5
p-ERK1/2
- 12 17 36
+-++ 17 3 4
+++ 11 0 0
Positive rate (%) 702° 15 10

Note: a, P<0.05 compared to adjacent tissues; b, P<0.05
compared to the control group.

added for 1 h intervention, followed by continu-
ous incubation.

Untreated group: Naive nasopharyngeal carci-
noma CNE-2Z cells were cultured as described
as above.

Control: Nasal mucosal epithelial cells were col-
lected from patients without nasopharyngeal
carcinoma and were cultured as described
above.

Dual fluorescence staining method for CNE-2Z
cells

The cells were cultured using a routine meth-
od and were intervened as described abo-
ve. Hoechst 33342/PI dual fluorescent label-
ling was performed for observing the cell ap-
optosis.

TUNEL assay for apoptosis of nasopharyngeal
carcinoma CNE-2Z cells

The tissues were dehydrated and embedded in
paraffin, followed by sectioning. The TUNEL
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method was used to label the apoptotic nuclei.
In brief, tissues were immersed in xylene, and
washed in gradient in ethanol followed by HCI
immersing. Proteinase K working solution was
used to incubate the tissues. The TUNEL reac-
tion mixture was added, and it was incubated
for 1 h under 37°C with coverslips. A converter-
POD was added for 30 min incubation at 37°C
with coverslips. An NBT/NCIP substrate was
added for 30 min of dark incubation. The reac-
tions were quenched and developed, dehydrat-
ed and mounted. The apoptotic cell nuclei were
stained dark blue. A colored pathology imaging
system was used for the analysis.

Western blot for AKT, ERK1/2, p-AKT, and p-
ERK1/2 protein expression in CNE-2Z cells

The cells were washed and lysed in 50 pL RPIA
lysis buffer at 0°C for 10 min of iced incuba-
tion. The proteins were scratched, lysed and
centrifuged to collect the supernatant, which
was stored at -80°C. Proteins were mixed with
a loading buffer and were boiled at 100°C for 5
min. The proteins were separated by electro-
phoresis and transferred to a PVDF membrane,
where they were blocked at 4°C overnight. A
primary antibody (B-actin, p-AKT and p-ERK1/2
at 1:100 dilution) was added for 2 h incubation.
The membrane was washed four times, fol-
lowed by incubation in a goat anti-rabbit sec-
ondary antibody for 1 h. The membrane was
then washed three times, developed and
exposed for image analysis.

Data processing

SPSS 17.0 statistical software was used for
data processing. The enumeration data were
tested using a chi-square analysis. The mea-
surement data were processed using an analy-
sis of variance (ANOVA) and were presented as
the mean + standard deviation (SD). Statistical
significance was defined when P<0.05.

Results

IHC staining for AKT, ERK1/2, p-AKT and p-
ERK1/2 expressions in nasal mucosal tissues

The expressions of AKT, ERK1/2, p-AKT, and
p-ERK1/2 in patient tissues were measured.
The experimental group had a 70% positive
rate of AKT expression, 60% of ERK1/2 posi-
tive expression, 80% of p-AKT positive expres-
sion, and 70% of p-ERK1/2 expression, all of
which were higher than the adjacent tissues or
the control group (P<0.05, Table 1; Figure 1).
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Figure 1. The expressions of AKT, ERK1/2, p-AKT, and p-ERK1/2 in patient
tissues (x400). A. AKT expression in tumor tissues (+++); B. AKT expression
in adjacent tissues (+); C. AKT expression in the control group (-); D. ERK1/2
expression in the cancer tissues (+++); E. ERK1/2 expression in the adja-
cent tissues (+); F. ERK1/2 in the control group (-); G. p-AKT expression in
cancer tissues (+++); H. p-AKT expression in adjacent tissues (+); I. p-AKT
expression in the control group (-); J. p-ERK1/2 expression in tumor tissues
(+++); K. p-ERK1/2 expression in adjacent tissues (+); L. p-ERK1/2 expres-
sion in the control group (-).

TUNEL assay for CNE-2Z cell
apoptosis

The apoptosis of the nasopha-
ryngeal carcinoma CNE-2Z ce-
lls was measured in all the
groups. The experimental gr-
oup had higher apoptosis than
the control group (P<0.05).
The PD98059 + Wortmannin
groups had elevated CNE-2Z
cell apoptosis than PD98059
or Wortmannin group (P<0.05).
Comparing between 6 h, 12 h,
and 24 h showed gradually
increased apoptosis as time
elapsed (P<0.05, Table 2).

Western blot for AKT, ERK1/2,
p-AKT and p-ERK1/2 protein
expression in CNE-2Z cells

We measured the protein ex-
pression of AKT, ERK1/2, p-
AKT, and p-ERK1/2 in the CNE-
27 cells after 24 h interven-
tion. The experimental CNE-2Z
cells had higher protein ex-
pressions of AKT, ERK1/2,
p-AKT, and p-ERK1/2 (P<0.05
compared to control group).
The PD + Wortmannin group
had higher expressions of AKT
and ERK1/2 proteins, plus
lower p-AKT or p-ERK1/2 pro-
teinsthanPD980590rtheWort-
mannin group (P<0.05, Table
3; Figure 3).

Discussion

Nasopharyngeal carcinoma fr-
equently occurs in Southern

Dual fluorescent staining for the CNE-2Z cells
after 24 h intervention

24 h after intervention, the CNE-2Z cells in the
PD98059 group and the Wortmannin group
showed swelling and smeared boundaries. In
the PD98059 + Wortmannin group, the CNE-2Z
cells showed condensation of the cytoplasms,
shrinkage and rounding of the cells, with a
worse reflective property, and partial ruptures
of the cell membranes. With an elongated
intervention time, the cells showing abnormal
morphology increased (Figure 2).
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China. Derived from nasal mucosal epithelial
cells, nasopharyngeal carcinoma is mainly
treated by radiation therapy. Although it has a
relatively higher focal management rate, naso-
pharyngeal carcinoma frequently has focal
recurrence or distal metastasis. The control of
the focal recurrent rate and the improvement of
the long-term survival rate have become a
major challenge for research [8]. Molecular
studies have showed the participation of the
PIBK/AKT signal transduction pathway in the
regulation of the malignant tumor cell cycle,
affecting telomerase activity, angiogenesis,

Int J Clin Exp Med 2019;12(7):8894-8900
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Control PD98059 Wortmannin PD98059+  Untreated
Wortmannin

Figure 2. CNE-2Z cell morphology after 24 h intervention.

Table 2. Apoptosis of CNE-2Z cells in all groups

Group 6 h 12 h 24 h

Experiment
PD98059 5.63+0.25%° 6.89+0.35%b¢ 8.03+0.67aPef
Wortmannin 8.51+0.47%b¢ 9.62+1.36%Pce 11.04+1.19abcef
PD98059 + Wortmannin 15.87+2.073bcd 19.89+2.24abcde 23.64+2.473bcder
Untreated 3.13+0.21 3.20+0.18 3.17+0.21
Control 1.54+1.11 1.59+1.09 1.76+1.10

Note: a, P<0.05 compared to untreated group; b, P<0.05 compared to control group; ¢, P<0.05 compared to experimental
group A; d, P<0.05 compared to experimental group B; e, P<0.05 compared to 6 h; f, P<0.05 compared to 12 h.

and invasion/migration, all of which are impor-
tant biological processes [9, 10]. Once being
phosphorylated, active ERK1/2 can activate
the transcriptional factor, regulating the protein
transcription process and gene expression,
mediating divisions and the proliferation or
apoptosis of malignant tumor cells [11-13]. This
study thus recruited nasopharyngeal carcino-
ma patients and CNE-2Z cells, which were inter-
vened by the ERK/MAPK inhibitor PD98059,
and/or the PK3K/AKT inhibitor Wortmannin for
intervention, to analyze the effect of the PK3K/
AKT, ERK/MAPK signal transduction pathway in
the onset and prgression of nasopharyngeal
carcinoma and related mechanisms.

In this study, nasopharyngeal carcinoma pa-
tients in our hospital were recruited as the
experimental group, in parallel with a control
group without nasopharyngeal carcinoma. The
experimental group had a 70% positive expres-
sion of AKT expression, a 60% poZsitive expres-
sion of ERK1/2, an 80% positive expression of
p-AKT and a 70% positive expression of
p-ERK1/2, all of which were elevated compared
to the tumor tissues or the adjacent tissues.
These results indicated an over-expression of
p-AKT and p-ERK1/2 in nasopharyngeal carci-
noma, and their participation in tumor onset
and occurrence.
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This study further cultured nasopharyngeal
carcinoma CNE-2Z cells, which were intervened
by the ERK/MAPK inhibitor PD98059 and/or
the PK3K/AKT inhibitor Wortmannin. The Dual
fluorescent staining method observed the
unclear boundary of CNE-2Z cells in the PD98-
059 and Wortmannin group. The PD98059 +
Wortmannin group had condensed cytoplasms,
shrinkage of cells, rupture, or membranes and
more cells with abnormal morphology as time
elapsed. Further tests examined the apoptosis
of CNE-2Z cells. The experimental group had
elevated apoptosis compared to the control
group. The PD98059 + Wortmannin group had
higher CNE-2Z cell apoptosis than the PD98059
or Wortmannin group. Comparing among 6 h,
12 h, and 24 h showed the gradually increased
apoptosis of CNE-2Z cells in all three sub-
groups. The ERK signal transduction pathway
was shown to be up-regulated in various malig-
nant tumors including pulmonary cancer, pros-
tate carcinoma, and melanoma [14, 15]. The
PI3K/AKT signal transduction pathway has also
been shown to be up-regulated in malighant
tumors. Once activated, it can phosphorylate
related substrates, among which PI3K has be-
en confirmed to participate in cell proliferation,
differentiation, and apoptosis. AKT is under
the regulation of PI3K. Its phosphorylation at

Int J Clin Exp Med 2019;12(7):8894-8900
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Table 3. Expression of AKT, ERK1/2, p-AKT and p-ERK1/2 proteins in CNE-2Z cells

Group AKT ERK1/2 pPAKT p-ERK1/2
Experiment
PD98059 0.373+0.0042* 0.389+0.0042° 0.372+0.0022* 0.383+0.005°
Wortmannin 0.294+0.003%**¢  0.401+0.006%° 0.315+0.004ab¢ 0.404+0.00320¢
PD98059 + Wortmannin  0.525+0.0022°¢¢  0.578+0.003"<¢ 0.228+0.002%Pc 0.213+0.003?0ed
Untreated 0.122+0.002 0.137+0.002 0.175+0.001 0.128+0.001
Control 0.115+0.001 0.113+0.001 0.112+0.001 0.106+0.001

Note: a, P<0.05 compared to the untreated group; b, P<0.05 compared to the control group; ¢, P<0.05 compared to the

PD98059 group; d, P<0.05 compared to the Wortmannin group.
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Figure 3. AKT, p-AKT, ERK1/2 and p-ERK1/2 protein
expression in CNE-2Z cells after treatment.

Thr308 and Ser473 sites and further abnormal
activation can facilitate the proliferation of
malignant tumor cells as it inhibits their apo-
ptosis [16, 17]. The results of this study sh-
owed that the inhibition of the PK3K/AKT
and ERK/MAPK signal transduction pathway
could facilitate the apoptosis of nasopharyn-
geal carcinoma CNE-2Z cells. Jiang et al. found
that the application of LY294002 to inhibit the
PI3K/Akt signal pathway could arrest the cell
cycle G1 phase and eventually facilitate cell
apoptosis [18], a finding consistent with this
study.

This study tested the protein expressions of
AKT and p-ERK1/2 in nasopharyngeal carcino-
ma CNE-2Z cells. The experimental group had a
higher expression of AKT, ERK1/2, p-AKT and
p-ERK1/2 than the control group. PD89059 +
the Wortmannin group had a higher protein
expression of AKT and ERK1/2 than PD98059
or the Wortmannin group, while the p-AKT and
p-ERK1/2 protein expressions were lower. This
study showed that the inhibition of the PK3K/
AKT and ERK/MAPK signal transduction path-
ways could decrease p-AKT or p-ERK1/2 ex-
pression while inhibiting ERK1/2 phosphoryla-
tion in CNE-2Z cells. Some studies have shown
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that the continuous activation of ERK1/2 might
lead to increased cell proliferation, mainly
depending on the ERK1/2 activation status,
which may have synergistic effects with other
signal transduction pathways, related cell ele-
ments and downstream molecules to facilitate
cell survival or induce cell death [19, 20]. An In
vitro study showed that PD98059 could inhibit
the growth of malignant tumor cells. This might
be due to the binding between PD98059 and
the MEK1 ATP site, thus impeding the phos-
phorylation of ERK. As one specific inhibitor of
AKT, Wortmannin can inhibit AKT phosphoryla-
tion to suppress the in vitro growth of cell lines
[241], which is consistent with our results.

Conclusion

p-AKT and p-ERK1/2 are highly expressed in
nasopharyngeal carcinoma tissues. Inhibition
of the PK3K/AKT and ERK/MAPK signal trans-
duction pathways could facilitate the apoptosis
of CNE-2Z cells, decrease p-AKT or p-ERK1/2
expression, and suppress ERK1/2 phosphory-
lation to a certain extent. The PK3K/AKT and
ERK/MAPK signal transduction pathways exert
important roles in the onset and progression of
nasopharyngeal carcinoma. Detailed mecha-
nisms targeting the roles of the PK3K/AKT and
ERK/MAPK signal transduction pathways in the
occurrence of nasopharyngeal carcinoma still
requires further investigation to provide evi-
dence for clinical treatment.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Rong Yang, De-
partment of Otolaryngology, Qingdao Third Peo-
ple’s Hospital, No. 29, Yongping Road, Licang
District, Qingdao 266000, Shandong, China. Tel:
+86-0532-84612090; Fax: +86-0532-84612090;
E-mail: zankdu31282@126.com

Int J Clin Exp Med 2019;12(7):8894-8900


mailto:zankdu31282@126.com

Molecular markers of nasopharyngeal cancer

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

Binesh F, Shajari A, Abdollahi S and Behniafard
N. Ten years of experience in clinicopathologic
characteristics, treatment and outcome of pa-
tients with nasopharyngeal pathologies in
Yazd, Iran. Electron Physician 2016; 8: 3081-
3087.

Han AT. Nasopharyngeal carcinoma. Ann Oncol
2010; 21 Suppl 7: vii308-12.

Cho HS, Chang SH, Chung YS, Shin JY, Park SJ,
Lee ES, Hwang SK, Kwon JT, Tehrani AM, Woo
M, Noh MS, Hanifah H, Jin H, Xu CX and Cho
MH. Synergistic effect of ERK inhibition on tet-
randrine-induced apoptosis in A549 human
lung carcinoma cells. J Vet Sci 2009; 10: 23-8.
Chou CC, Chou MJ and Tzen CY. PIK3CA muta-
tion occurs in nasopharyngeal carcinoma but
does not significantly influence the disease-
specific survival. Med Oncol 2009; 26: 322-6.
Bhalla S, Evens AM, Dai B, Prachand S, Gordon
LI and Gartenhaus RB. The novel anti-MEK
small molecule AZD6244 induces BIM-
dependent and AKT-independent apoptosis in
diffuse large B-cell lymphoma. Blood 2011;
118: 1052-61.

Huang S, Li X and Zhu H. MicroRNA-152 tar-
gets phosphatase and tensin homolog to in-
hibit apoptosis and promote cell migration of
nasopharyngeal carcinoma cells. Med Sci
Monit 2016; 22: 4330-4337.

Han N, Zhang DY, Wang TB, Zhang PX and
Jiang BG. Calcitonin gene-related peptide in-
duces proliferation and monocyte chemoat-
tractant protein-1 expression via extracellular
signal-regulated kinase activation in rat osteo-
blasts. Chin Med J (Engl) 2010; 123: 1748-53.
Zhang L, Huang Y, Hong S, Yang Y, Yu G, Jia J,
Peng P, Wu X, Lin Q, Xi X, Peng J, Xu M, Chen D,
Lu X, Wang R, Cao X, Chen X, Lin Z, Xiong J, Lin
Q, Xie C, Li Z, Pan J, Li J, Wu S, Lian Y, Yang Q
and Zhao C. Gemcitabine plus cisplatin versus
fluorouracil plus cisplatin in recurrent or meta-
static nasopharyngeal carcinoma: a multicen-
tre, randomised, open-label, phase 3 trial.
Lancet 2016; 388: 1883-1892.

Yip WK, Leong VC, Abdullah MA, Yusoff S and
Seow HF. Overexpression of phospho-Akt cor-
relates with phosphorylation of EGF receptor,
FKHR and BAD in nasopharyngeal carcinoma.
Oncol Rep 2008; 19: 319-28.

Parcellier A, Tintighac LA, Zhuravleva E and
Hemmings BA. PKB and the mitochondria:
AKTing on apoptosis. Cell Signal 2008; 20: 21-
30.

Yan K, Zhang C, Feng J, Hou L, Yan L, Zhou Z,
Liu Z, Liu C, Fan Y, Zheng B and Xu Z. Induction
of G1 cell cycle arrest and apoptosis by berber-
ine in bladder cancer cells. Eur J Pharmacol
2011; 661: 1-7.

8900

[12]

[16]

(19]

[20]

(21]

Toulany M, Schickfluss TA, Eicheler W,
Kehlbach R, Schittek B and Rodemann HP.
Impact of oncogenic K-RAS on YB-1 phosphor-
ylation induced by ionizing radiation. Breast
Cancer Res 2011; 13: R28.

Zhang P, Zhang L, Liu H, Zhao L, Li Y, Shen JX,
Liu Q, Liu MZ and Xi M. Clinicopathologic char-
acteristics and prognosis of tongue squamous
cell carcinoma in patients with and without a
history of radiation for nasopharyngeal carci-
noma: a matched case-control study. Cancer
Res Treat 2017; 49: 695-705.

Ting CM, Lee YM, Wong CK, Wong AS, Lung HL,
Lung ML, Lo KW, Wong RN and Mak NK.
2-Methoxyestradiol induces endoreduplication
through the induction of mitochondrial oxida-
tive stress and the activation of MAPK signal-
ing pathways. Biochem Pharmacol 2010; 79:
825-41.

Liu D, Huang, Bu D, Liu AD, Holmberg L, Jia V,
Tang C, Du J and lJin H. Sulfur dioxide inhibits
vascular smooth muscle cell proliferation via
suppressing the Erk/MAP kinase pathway me-
diated by cAMP/PKA signaling. Cell Death Dis
2014; 5: e1251.

LiuY, Cui B, Qiao Y, ZhangY, Tian Y, Jiang J, Ma
D and Kong B. Phosphoinositide-3-kinase inhi-
bition enhances radiosensitization of cervical
cancer in vivo. Int J Gynecol Cancer 2011; 21:
100-5.

Osaki M, Oshimura M and Ito H. PI3K-Akt path-
way: its functions and alterations in human
cancer. Apoptosis 2004; 9: 667-76.

Jiang H, Fan D, Zhou G, Li X and Deng H. Pho-
sphatidylinositol 3-kinase inhibitor(LY294002)
induces apoptosis of human nasopharyngeal
carcinoma in vitro and in vivo. J Exp Clin Cancer
Res 2010; 29: 34.

ChenY, Xin X, Cui Z, ZhengY, Guo J, Chen Y, Lin
Y and Su G. Diagnostic value of serum Epstein-
Barr virus capsid Antigen-IgA for nasopharyn-
geal carcinoma: a meta-analysis based on 21
studies. Clin Lab 2016; 62: 1155-66.

See A, Tan TY and Gan EC. Atypical culture-
negative skull base osteomyelitis masquerad-
ing as advanced nasopharyngeal carcinoma.
Am J Otolaryngol 2016; 37: 236-9.

Inamoto T, Azuma H, Sakamoto T, Kiyama S,
Ubai T, Kotake Y, Watanabe M and Katsuoka Y.
Invasive ability of human renal cell carcinoma
cell line Caki-2 is accelerated by gamma-ami-
nobutyric acid, via sustained activation of
ERK1/2 inducible matrix metalloproteinases.
Cancer Invest 2007; 25: 574-83.

Int J Clin Exp Med 2019;12(7):8894-8900



