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Abstract: Our previous study indicated overexpression of metadherin

(MTDH) is an adverse prognostic factor in squamous cell carcinoma of

the head and neck (SCCHN) and promotes SCCHN cell proliferation

and invasion. However, its mechanism remains unclear. Recent studies

have indicated that MTDH is a cancer-metastasis-associated molecule

that participates in the process of angiogenesis. Therefore, the study is

aimed to investigate that whether vascular endothelial growth factor

(VEGF), as one of the most potent proangiogenic cytokines, is regulated

by MTDH and the role of the phosphatidylinositide 3-kinases/Protein

Kinase B (PI3K/Akt) pathway in this process of regulation and the

clinical significance of both MTDH and VEGF in SCCHN.

Immunohistochemistry was used to assay the expression of MTDH

and VEGF in a cohort of 189 SCCHN patients with intact follow-up

information. The expression of MTDH was then upregulated or inhib-

ited by lentivirus-mediated MTDH Complementary deoxyribonucleic

acid or MTDH short hairpin ribonucleic acid (shRNA) to observe the

resulting alterations in VEGF expression and the PI3K/Akt signaling

pathway in SCCHN cell lines. In addition, the PI3K/Akt pathway was

modulated to observe the resulting changes in the MTDH-mediated

expression of VEGF.

The immunohistochemistry data showed that MTDH expression is

positively correlated with VEGF expression in SCCHN tissues. More-
D, Ming Wei, MD ang, MD,
g Liu, MD, and Xin Zhang, MD, PhD

knockdown of MTDH led to decreased VEGF expression. In addition,

inhibition of the Akt signaling pathway reversed the upregulation of

VEGF resulting from MTDH overexpression. Moreover, the survival

analysis revealed that VEGF is an independent prognostic factor, and a

combined survival analysis based on both MTDH and VEGF showed

synergistic effects in the prognosis evaluation of SCCHN patients.

The findings of the present study demonstrate that MTDH regulates

the expression of VEGF via the PI3K/Akt signaling pathway, indicating

the potential role of the MTDH-mediated activation of VEGF signaling

pathway in SCCHN angiogenesis and metastasis.

(Medicine 94(6):e502)

Abbreviations: DFS = disease-free survival, ELISA = enzyme-

linked immunosorbent assay, FBS = fetal bovine serum, IHC =

immunohistochemical, MTDH = metadherin, OS = overall

survival, SCCHN = squamous cell carcinoma of the head and

neck, VEGF = vascular endothelial growth factor.

INTRODUCTION

S quamous cell carcinoma of the head and neck (SCCHN) is
the sixth most frequently occurring malignancy worldwide,

and is a serious global health threat.1 Despite the improvements
and refinements in surgical, chemotherapeutic, and radiother-
apeutic regimens that have occurred in the past few decades, the
survival quality and ultimate prognosis remain unsatisfactory.
Local or distant metastasis rather than the primary tumor
represents the primary cause of poor outcome in patients with
SCCHN.2 Metastasis is a complex and highly regulated process
that includes local invasion, intravasation, extravasation, and
metastatic colonization at distant sites. In metastatic cascades,
angiogenesis recruits the newly formed blood vessels to offer
nutrition and oxygen as well as an ability to evacuate metabolic
wastes and carbon dioxide, to sustain tumor cell survival and
provide metastatic advantages.3 Tumor cells start an angiogenic
switch by disturbing the local balance of proangiogenic and
antiangiogenic factors.4 Abundant evidence has demonstrated
that tumor angiogenesis is critical to cancer metastasis, includ-
ing SCCHN, and that angiogenesis inhibition appears to be a
valuable and promising strategy for anticancer therapy.5,6

As a critical proangiogenic mediator, vascular endothelial
growth factor (VEGF) functions directly or indirectly through
binding to its tyrosine kinase receptors. Numerous studies
indicated that VEGF is significantly increased in subsets of
human malignancies including breast cancer,7 lung cancer,8 and
SCCHN.9–11 Large-scale investigations on multiple types of
the prognostic significance of VEGF.
been reported to promote cancer metas-
oth in vitro and in vivo.12 The inhibition
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of VEGF can effectively reverse the angiogenic switch and
thereby block cancer metastasis.13,14 Taken together, targeting
VEGF-mediated cancer angiogenesis using agents such as
bevacizumab has been recognized as a promising potential
therapeutic strategy in human cancer metastasis.15

Metadherin (MTDH), a recently discovered oncogene that
is also known by the names Astrocyte elevated gene-1 and
Lyric, has been located in human chromosome 8q22 and cloned
as a human immunodeficiency virus-1 and tumor necrosis factor
a-inducible gene in primary human fetal astrocytes.16 Except as
a the target of miRNA-375 in SCCHN,17 MTDH regulates
various signaling networks implicated in tumorigenesis, such
as NF-kB,18,19 phosphatidylinositide 3-kinases/Protein Kinase
B (PI3K/Akt),20,21 MAPK,22 and Wnt/b-catenin.23 Structural
insights into the tumor-promoting function of MTDH–staphy-
lococcal nuclease domain containing 1 complex in breast cancer
have been reported recently.24,25 Among the above signaling
transduction pathways, PI3K/Akt activation is frequently
observed in a variety of tumor types, and is a major pathway
activated by MTDH overexpression, which modulates numer-
ous Akt downstream factors that are essential for cancer cell
proliferation, apoptosis, and survival.26 These MTDH-regulat-
ing Akt downstream factors primarily utilize apoptosis-associ-
ated proteins such as Bcl-2, caspase-3,27 p27,28 and Forkhead
box protein O1.29 In addition to its ability to boost growth, the
PI3K/Akt pathway also participates in cancer angiogenesis by
controlling the production of angiogenesis-associated factors
including VEGF. Previous studies have revealed that increased
MTDH expression is closely associated with poor prognosis in
various types of cancers including breast cancer,30 esophageal
squamous cell carcinoma,28 hepatocellular carcinoma,23 and
nonsmall cell lung cancer.31 The majority of previous studies
have focused on the modulation of MTDH in cancer metastasis.
Our previous studies in cell and tissue revealed that MTDH
regulates the metastasis of SCCHN via epithelial–mesenchy-
mal transition (EMT).32,33 However, the potential influence of
MTDH on cancer angiogenesis related protein such as VEGF
has not been researched previously in SCCHN. Therefore, the
present study aimed to investigate the correlation between
MTDH and VEGF in 2 SCCHN cell lines and 189 primary
cancerous samples. Furthermore, the potential regulatory role of
the Akt pathway in MTDH-mediated VEGF expression in
SCCHN also was explored. Finally, the clinical significance
of MTDH and VEGF was further analyzed.

MATERIALS AND METHODS

Patient Samples and IHC Staining Evaluation for
VEGF

The cohort of paraffin-embedded tissue samples collected

from 189 patients used in this study was reported pre-

viously.32,33 The clinical information of these patients, includ-

ing age, clinical stage, T classification, N classification, and

distant metastasis status, was reviewed periodically. The study

was approved by the Research Ethics Committee of the Central

South University.
Immunohistochemical (IHC) staining was performed as

previously described.32,33 Briefly, after deparaffinization, retrie-
val, and blocking, 4-mm-thick sections were incubated with

Zhu et al
VEGF (1:500) and an appropriate secondary antibody. Phos-
phate buffer solution was used in lieu of VEGF as a negative
control, and the known positive slices in the streptavidin-
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perosidase Kit (Maxim-Bio, Fuzhou, China) were used as a
positive control.

To evaluate the expression of VEGF, a scale criteria
corresponding to the sum of the staining intensity8

(0¼ negative, 1¼weak, 2¼ intermediate, and 3¼ strong)
and the percentage of positive cells (0¼ 0% positive cells,
1� 25% positive cells, 2¼ 26%–50% positive cells, and
3� 50% positive cells) with a maximum score of 6 was
established. A score >2 was considered to define high
expression.

Cell Culture and Transfection
Tu686 cells were received from Dr Zhuo Chen of

Emory University’s Winship Cancer Institute in Atlanta,
GA, and maintained as monolayer cultures in Dulbecco’s
Modified Eagle Media/F12 medium (1:1) supplemented with
10% fetal bovine serum (FBS). 5-8F cells were passed from
the Central Experiment Laboratory of Xiangya Medical School
(Central South University, Changsha, China) and cultured in
Roswell Park Memorial Institute-1640 medium supplemented
with 10% FBS. The medium was changed every other day.
Exponentially growing cells were used for the following
experiments.

To establish stable cell lines, lentiviral particles encoding
MTDH Complementary deoxyribonucleic acid (cDNA) or short
hairpin ribonucleic acid (shRNA) and the corresponding control
plasmids were transfected into Tu686 and 5-8F cell lines
according to the manufacturers’ instructions. Tu686 and 5-8F
cells stably expressing MTDH were transiently transfected with
AKT or control small interfering ribonucleic acid (siRNA)
(SC-43609; SC-37007, purchased from Santa Cruz, CA). A
western blot analysis was performed to verify the effect of
transfection in the cell lines.

Western Blotting Analysis
All of the western blotting analyses were performed as

described previously.34 In brief, 30 mg of protein was separ-
ated by 10% sodium dodecyl sulfate–polyacrylamide gel
electrophoresis and transferred onto a Polyvinalidene
Fluoride membrane (Millipore, Bedford, MA). The blotted
membranes were incubated with primary antibodies against
MTDH (1:800; Proteintech Group, Inc, Chicago, IL), VEGF
(1:1000; Santa Cruz, CA), pan-Akt (1:1000; Cell Signaling
Technology, Inc, Beverly, MA), phospho-Akt (Thr308)
(1:800; Cell Signaling Technology, Inc), and then with the
corresponding secondary antibody (1:3000; Beyotime, Shang-
hai, China). A specific anti-b-actin protein (1:1000; Beyo-
time) was used to detect the quantity of the loading control
protein. The Image Lab software (Version 4.1; Bio-Rad
Laboratories, Inc, Berkeley, CA) was applied to analyze
the intensity of the blotted bands, and each experiment was
repeated 3 times.

Enzyme-Linked Immunosorbent Assay
Supernatants from all of the cell cultures were collected

and stored at �808C before analysis by enzyme-linked immu-
nosorbent assay (ELISA). The concentrations of secreted VEGF
were quantified using a human VEGF-ELISA kit (R&D, Inc)
according to the manufacturer’s instructions.

Medicine � Volume 94, Number 6, February 2015
Statistical Analysis
All of the statistical analyses were performed using the

SPSS statistical software (version 17.0; SPSS Inc, Chicago, IL).
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The statistical significance of the difference in the expression
of VEGF protein and clinicopathological factors was
analyzed by the x2 test and visualized by R studio, Inc.
Boston, MA (version 3.0.2). Survival analyses were per-
formed using the Kaplan–Meier method, and the resulting
curves were compared using the log-rank test. The relevant
prognostic factors were identified by univariate and multi-
variate Cox regression analyses. The correlation between
VEGF and MTDH proteins in the tissue samples was analyzed
by a Spearman analysis, and Student test was applied to

Medicine � Volume 94, Number 6, February 2015
compare the data derived from the cell experiments. Differ-
ences were considered to be significant if P< 0.05. All of the
tests were 2-sided.

12

10

8

6

4

2

0

VEGF staining index

M
T

D
H

 s
ta

in
in

g 
in

de
x

0 1 2 3 4 5

A

C

E

r = 0.319 P

FIGURE 1. Typical IHC staining showed low (A and B) and high (C and
C¼200�, B and D¼400�, original resolution), significant correlation
fitting curve (E). IHC¼ immunohistochemical, MTDH¼metadherin
VEGF¼ vascular endothelial growth factor.
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RESULTS

Expression of MTDH Is Positively Correlated
With VEGF Expression in Archived SCCHN Tissue
Specimens

Previous studies from our lab have demonstrated that
MTDH is overexpressed and positively correlated with metas-
tasis in SCCHN patients.32,33 In vitro experiments have
also revealed that MTDH promotes the metastasis of SCCHN

MTDH Regulates VEGF via PI3K/Akt in SCCHN
through PI3K/Akt-pathway-mediated-EMT changes.33 To
clarify the potential correlation between MTDH and VEGF,
the expression of VEGF was assayed in the same 189 SCCHN

6

B

D

 < 0.001

D) expression of VEGF expression in SCCNH patients’ slides (A and
between VEGF and MTDH expression in SCCHN patients, and its
, SCCHN¼ squamous cell carcinoma of the head and neck,
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FIGURE 2. Increasing expression of VEGF in overexpressed MTDH (MTDH cDNA) cells was detected comparing with parental cell (Blank)
and vector control (pcDNA) by western blot (A) and ELISA (C and E); reduced VEGF expression was found in MTDH knockdown
(shRNAMTDH) cells compared with parental (Blank) and control cells (shRNAcontrol) by western blot (B) and ELISA (D and F).

�
P<0.05.

ELISA¼ enzyme-linked immunosorbent assay, MTDH¼metadherin, VEGF¼ vascular endothelial growth factor.
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patient cohort that was used to previously evaluate the
expression of MTDH.33 The IHC results showed that VEGF
staining was mainly distributed in the cytoplasm of the
SCCHN cancer cells (Figure 1C and D). The Spearman
rank test further showed that MTDH expression had signifi-
cantly positively correlated with VEGF in SCCHN tissues

Medicine � Volume 94, Number 6, February 2015
(r¼ 0.319, P< 0.001, Figure 1E), which prompted further
investigation of the potential association between MTDH
and VEGF.
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MTDH Regulates the Expression of VEGF Protein
in SCCHN Cells

In agreement with our findings in patient samples, the
expression of MTDH was changed in 2 SCCHN cell lines
(Tu686 and 5-8F cells) allowing observation of VEGF expression
alteration in vitro. Both lenti-MTDH-cDNA and lenti-MTDH-

MTDH Regulates VEGF via PI3K/Akt in SCCHN
shRNA were designed and synthesized to increase and inhibit the
expression of MTDH, respectively. The transfection efficiency
was finally assayed by western blots. As shown in Figure 2A, the
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transfection of lenti-MTDH-cDNA successfully upregulated the
expression of MTDH by approximately 3-fold in both Tu686 and
5-8F cells compared with the control cells. Conversely, the
transfection of lenti-MTDH-shRNA led to >75% inhibition of
the expression of MTDH in Tu686 and 5-8F cells (Figure 2B). As
predicted from the IHC results, the western blot results revealed
that MTDH overexpression caused an increase in the expression
of VEGF, whereas MTDH inhibition correspondingly blocked
the expression of VEGF in Tu686 and 5-8F cells (Figure 2A and
B). Because VEGF is always secreted by tumor cells to
the extracellular environment, ELISA findings similarly
demonstrated that the overexpression of MTDH resulted in
enhanced secretion of VEGF by multiple SCCHN cells in vitro
(Figure 2C–F). Taken together, these data indicate that MTDH
can modulate the expression of VEGF in SCCHN cells.

PI3K/Akt Signaling Pathway Is Involved in the
MTDH-Induced Modulation of VEGF Expression
in SCCHN Cells

The above-presented results suggested that MTDH could
regulate VEGF expression in SCCHN cells. However, mech-
anism through which MTDH regulates the expression of VEGF
requires more investigation. Previous studies conducted by the
authors and other researchers have shown that the PI3K/Akt
signaling pathway plays a critical role in MTDH-mediated
cancer behaviors.26,33 In the present study, MTDH overexpres-
sion was found to successfully activate the PI3K/Akt signaling

Zhu et al
pathway in SCCHN cells and vice versa (Figure 3A and B).
Therefore, to avoid off-target events, 2 methods, one of which
involved using Akt plasmid shRNA, and the other of which used

A
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FIGURE 4. Mutual correlation between several key clinical parameters
negative correlation, respectively; the size of the circle and brightness o
extent of correlation between their clinical parameters; the right first
were most significantly associated with VEGF expression. Furthermor
group with cervical lymph node metastasis or late clinical stage (B).
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a PI3K specific inhibitor (LY294002), were used to block the
PI3K/Akt signaling pathway and test its effect on VEGF
expression. After PI3K/Akt activity was effectively impeded
(Figure 3C and E), the elevated expression of VEGF caused by
MTDH overexpression was significantly reversed in SCCHN
cells (Figure 3C–F). Considered together, these data indicate
that the PI3K/Akt signaling pathway is involved in MTDH-
induced modulation of VEGF expression.

Clinical Significance of VEGF Protein in SCCHN
Patients

All of the above-presented results indicated that MTDH
could regulate the expression of VEGF via the PI3K/Akt
signaling pathway in SCCHN cells. Therefore, x2 tests were
applied to describe the associations between VEGF expression
and other clinicopathological parameters in the 189 SCCHN
patients. As shown in Figure 4A and B, the VEGF protein was
elevated in SCCHN tissues from patients at advanced clinical
stages or who presented cervical lymph node metastasis; how-
ever, VEGF expression showed no difference between SCCHN
tissues with different tumor position and pathological grade.

Combined Survival Analyses Based on Both
MTDH and VEGF Protein Expression

Our previous study revealed that MTDH is negatively
associated with the overall survival (OS) and disease-free
survival (DFS) times in SCCHN patients.33 Therefore, in this

Medicine � Volume 94, Number 6, February 2015
study, the prognostic capacity of VEGF was analyzed in the
same 189-patient cohort. Kaplan–Meier survival curves
showed that the SCCHN patients who presented high VEGF

VEGF expressionB

VEGF

N–/N+

Recurrence

–1–0.80.6

Death

Tumor position

Pathological grade Clinical stage

Cervical lymph node metastasis

N– N+

I–II

Clinical stage

III–IV

52.7%

57.14%

42.86%

84.42%

15.58%

47.3%

79.13%

20.87%

T1~2/T3~4

VEGF
High

Low

as shown in matrix (A): blue and red color indicates positive and
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e, the percentages of high VEGF expression were elevated in the
VEGF¼ vascular endothelial growth factor.
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expression status displayed shorter DFS time and OS time than
the SCCHN patients with relatively low VEGF expression
(P¼ 0.006 and P¼ 0.009, respectively; Figure 5A and B). Uni-
variate Cox regression analyses identified that clinical stage,
primary tumor location, tumor classification, lymph node metas-
tasis, MTDH, and VEGF protein expression were prognostic
factors influencing both the 5-year OS and DFS in SCCHN
patients. Multivariate Cox regression analyses indicated that
the tumor location, lymph node metastasis, and MTDH expres-
sion were independent prognostic factors (Table 1). However, the
present study revealed that VEGF plays a crucial function in
determining survival time of SCCHN patients11 and it is found to
be regulated by MTDH. Therefore, the expression levels of both
MTDH and VEGF were assessed in an effort to enhance their
prognostic capability. The results indicated that SCCHN patients
who exhibit high expression level of both MTDH and VEGF
experienced worse OS and DFS than other patients, including
those with a high expression level of either factor alone or low
expression of both factors (Figure 5C and D).

OS and DFS times than others including high expression of either o
MTDH¼metadherin, OS¼overall survival, SCCHN¼ squamous ce
factor.
DISCUSSION
In the present study, the underlying correlation between

MTDH and VEGF was studied. First, a positive correlation

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
between VEGF and MTDH protein expression levels in
archived SCCHN tissues was identified, indicating that MTDH
may have a regulatory effect on VEGF. The expression of
MTDH in SCCHN Tu686 and 5-8F cells was then induced or
reduced to observe any resulting alterations in the VEGF protein
level. As expected, changes in MTDH led to corresponding
alterations of VEGF, which indicated that MTDH could
regulate the expression of VEGF. To further explore the latent
mechanism, it was determined that PI3K/Akt is involved in
the regulation of VEGF by MTDH. Because MTDH can
influence the metastasis of multiple human malignancies con-
taining SCCHN in a previous study,32,33,35 the present research
demonstrated that MTDH mediates the expression of VEGF
via the PI3K/Akt signaling pathway, which may stimulate
SCCHN tumor angiogenesis and thereby facilitate the metas-
tasis process.

MTDH is a versatile molecule, involved in diverse malig-
nant cancer cell behaviors, including uncontrolled proliferation,
migration, invasion, metastasis, and drug resistance.26 The
authors’ previous study clearly demonstrated that aberrant
MTDH expression is tightly associated with aggressive clinical

and low expression of both (C and D). DFS¼disease-free survival,
rcinoma of the head and neck, VEGF¼ vascular endothelial growth
behaviors in human laryngeal carcinoma, a type of SCCHN.32

Further in vitro investigation has revealed that MTDH can
promote the EMT, which leads to enhanced invasion and

www.md-journal.com | 7



TABLE 1. Cox Model Analysis of DFS and OS

OS DFS

Univariate Analysis Relative Risk (95% CI) P Value Relative Risk (95% CI) P Value

Age (<57 vs �57) 0.966 (0.619–1.507) 0.880 1.018 (0.679–1.528) 0.931
Sex (male vs female) 0.533 (0.131–2.168) 0.380 0.491 (0.121–1.992) 0.319
Alcohol (yes vs no) 1.555 (0.983–2.460) 0.059 1.298 (0.841–2.004) 0.239
Smoking history (yes vs no) 1.076 (0.681–1.701) 0.754 1.012 (0.657–1.559) 0.955
Histological grade (G1 vs G2þG3) 0.947 (0.612–1.465) 0.807 0.950 (0.627–1.440) 0.809
T classification (T1þT2 vs T3þT4) 2.040 (1.294–3.215) 0.002

�
1.845 (1.217–2.796) 0.004

�

Clinical stage (I–II vs III–IV) 3.999 (2.301–6.950) <0.001
�

3.207 (1.967–5.229) <0.001
�

Lymph node status (N� vs Nþ) 4.865 (3.068–7.715) <0.001
�

4.693 (3.038–7.250) <0.001
�

VEGF expression (low vs high) 1.936 (1.161–3.228) 0.011
�

2.187 (1.333–3.590) 0.002
�

MTDH expression (low vs high) 2.984 (1.803–4.937) <0.001
�

2.935 (1.829–4.711) <0.001
�

Tumor position 0.394 (0.264–0.588) <0.001
�

0.511 (0.346–0.755) 0.001
�

Multivariate Analysis

T classification (T1þT2 vs T3þT4) 1.048 (0.568–1.934) 0.881 0.904 (0.503–1.625) 0.737
Clinical stage (I–II vs III–IV) 1.268 (0.476–3.375) 0.635 1.147 (0.454–2.896) 0.772
Lymph node status (N� vs Nþ) 2.867 (1.435–5.729) 0.003

�
3.149 (1.629–6.086) 0.001

�

VEGF expression (low vs high) 1.116 (0.644–1.933) 0.696 1.358 (0.803–2.298) 0.254
MTDH expression (low vs high) 2.000 (1.164–3.438) 0.012

�
1.900 (1.140–3.167) 0.014

�

Tumor position 0.537 (0.373–0.772) 0.001
�

0.697 (0.496–0.980) 0.038
�

CI¼ confidence interval, DFS¼ disease-free survival, MTDH¼metadherin, OS¼ overall survival, VEGF¼ vascular endothelial growth factor.
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metastasis of SCCHN cells.33 Taken together, the available
evidence supports the conclusion that MTDH is a molecule that
is tightly associated with cancer metastasis. However, the exact
way MTDH promotes cancer metastasis is complicated and
remains to be determined. Because angiogenesis is indispen-
sable in cancer metastasis and VEGF is a well-documented
pro-angiogensis molecule, the association between MTDH and
VEGF was examined in the present study, an association that
has been scarcely investigated until now.

The available literature provides direct and indirect evi-
dence of association between MTDH and cancer angiogenesis.
Cancer angiogenesis is frequently induced by a hypoxic
environment, which also triggers the occurrence of EMT.36,37

EMT-associated transcription factors such Snail and Twist are
always overexpressed by endothelial cells in the peritumoral
stroma, and have been shown to promote tumor angiogenesis.38

The previous investigation together with studies in breast and
hepatocellular carcinoma clearly showed that MTDH stimulates
a cancer’s EMT process,39,40 which indicates that there may be
a connection between MTDH-induction of EMT and angiogen-
esis. As a well-known potent endothelial-specific mitogen that
has a central role in tumor angiogenesis,41 VEGF protein
expression is reported to positively correlate with MTDH
protein in triple negative breast cancer,42 and cervical carci-
noma (vascular formation was also tested),43 which coincides
with the results of this study and indicates that MTDH may
promote cancer angiogenesis by activating the VEGF signaling
pathway.37 The biggest finding of the current study is that
MTDH can regulate the expression of the VEGF in vitro,
providing mechanistic insight into the potential MTDH-

�
Statistically significant P values.
mediating cancer angiogenesis.
Emdad et al44 revealed that PI3K/Akt stimulation is

necessary for tube formation in Matrigel and increased invasion
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of human umbilical vein endothelial cells induced by MTDH
upregulation. Therefore, based on the previous finding that
MTDH activates PI3K/Akt signaling cascades in SCCHN
Tu686 cells and 5-8F cells,33 both Akt siRNA and PI3K/Akt
specific inhibitors LY294002 were used to inhibit the PI3K/Akt
pathway and successfully ablated the MTDH-mediated upre-
gulation of VEGF. Taken together, these data show that the
PI3K/Akt pathway is implicated in MTDH-mediated VEGF
expression. However, the mechanism of MTDH activating AKT
pathway is scarcely known. Recently, MTDH was reported to
interact with Akt2 in cancer, which provides an indicator
supporting that MTDH regulates AKT activity by binding to
Akt2.45 Long et al46 reported that Aurora Kinase A (AURKA) is
a downstream effector of MTDH that regulates of the Akt
pathway in Acute myeloid leukemia cell lines. Our supple-
mentary data (Figure S1, http://links.lww.com/MD/A197) pre-
sented that alteration of AURKA expression level decreases
much more in Tu686 than 5-8F cells after MTDH manipulation.
Because AURKA can impact the expression of Akt in cells,46 it
may explain the possible reason for the inconsistent tendency of
pan-AKT level in 5-8F cells and Tu686 cells in this study.
Further work is required to determine the relative roles of
AURKA or other MTDH effectors in MTDH-mediated Akt
pathway activation in SCCHN.

Clinicopathological variables such as tumor site, histo-
logical grade, and clinical stage are beneficial for prognosis
evaluation in SCCHN patients. Additionally, the assay of
molecular changes in primary tumors has been demonstrated
to be able to enhance the clinician’s ability to prognosticate.
The current results and previous similar reports suggest that

both MTDH and VEGF are prognostic factors in SCCHN
patients.11,32,33 Finally, combined survival analyses were per-
formed by considering both MTDH and VEGF. The results

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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indicated that patients with the phenotype of both high MTDH
and VEGF expression display worst prognoses than any other
phenotypes, indicating that combined analyses of MTDH and
VEGF provide more accurate and detailed prognosis infor-
mation in SCCHN patients. With clinical examination, these
biomarker examinations may help clinicians to make more
reasonable therapeutic plans and periodic reexamination
arrangements.

The present study reveals that MTDH can increase the
expression of VEGF via activation of the PI3K/Akt signaling
pathway, which may facilitate the metastasis of SCCHN. Future
studies will use in vitro and in vivo models to study the
mechanistic relationship between MTDH-regulated VEGF
expression and SCCHN angiogenesis/metastasis. These studies
will help to determine whether MTDH may serve as both a
prognostic biomarker and valuable therapeutic target in
SCCHN.
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