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High expression of EphB6 protein in tongue squamous
cell carcinoma is associated with a poor outcome
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Abstract: EphB6 is a member in the receptor tyrosine kinase Eph family in that its kinase domain contains several
alterations in conserved amino acids and is catalytically inactive. Although EphB6 is expressed both in a variety of
embryonic and adult tissues, biological functions of this receptor are largely unknown. In this study, we examined
the expression of EphB6 protein in 54 of tissue specimens of tongue squamous cell carcinoma by using a specific
polyclonal anti-EphB6 antibody. The relationship between expression of EphB6 and clinical pathologic parameters
was analyzed. The expression level of EphB6 in carcinoma cells from 34 out of 54 (63%) specimens was no alterative compared with normal squamous cells in same patient. The level of EphB6 protein staining was increased in
carcinoma cells in 20 out of 54 (37%) specimens compared with normal squamous cells in same patient. The highexpression of EphB6 was significantly associated with age (P=0.021), tumor TNM stage (P=0.026) and lymph node
metastasis (P=0.046). Patients with high expressed EphB6 protein had a high mortality (P=0.057). No significant
relationship between expression of EphB6 and sex, tumor grade, HPV infection, relapse and smoke was found. We
showed that patients with high expression of EphB6 had a signiﬁcantly poor overall survival (OS) compared to patients with negative or weak expression (P=0.042). Our results indicated that EphB6 protein may be used as a new
marker for prognosis for tongue squamous cell carcinoma.
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Introduction
Squamous cell carcinoma of the head and neck
comprising tumors in the oral cavity, nasal cavity, pharynx and larynx, is among the 10 most
common malignancies in the world. Tongue
squamous cell carcinoma is a lethal disease
estimated to have 45,780 new cases in 2015
in the United States [1]. It accounts for more
than 90% of all head and neck cancers. Despite
increasing knowledge about the development
and great advances in multimodal therapies
against tongue squamous cell carcinoma over
the past decades, the molecular mechanisms
behind tongue squamous cell carcinoma and
the 5-year overall survival for patients is still
only around 50%. One important reason for this
is that tumors often are diagnosed at a late
stage and thus have spread to cervical lymph
nodes. Another reason is that the limited therapeutic options available. The standard of care
for tongue squamous cell carcinoma used to be

surgery and radiation. Several biomarkers have
been studied in the search for new diagnostic
and prognostic factors for tongue squamous
cell carcinoma but none has so far turned out to
be suitable for routine use in the clinic [2-5].
Erythropoietin producing hepatocellular carcinoma (Eph) receptors make up the largest family of receptor tyrosine kinases in humans with
14 members identified to date. These proteins
are divided into A and B groups based on their
homology to one another as well as their affinity
for their ligands ephrins. There are some documented cases of cross talk between receptor
and ligand families. Eph receptors are involved
in the development such as hindbrain patterning, axon guidance and angiogenesis [6-8]. The
Eph receptors have also been implicated in several cancers. EphB6 is a kinase-dead receptor
tyrosine kinase in that its kinase domain contains several alterations in conserved amino
acids and is catalytically inactive. EphB6 is lost
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Figure 1. The expression of EphB6 protein was detected in tongue squamous cell carcinoma. A: Negative staining
of EphB6 in normal tissue; B: Moderate expression of EphB6 in carcinoma; C: Strong positive expression of EphB6
in carcinoma; D: Cellular membrane positive expression of EphB6 in carcinoma.

in more aggressive breast cancer, melanomas,
and neuroblastomas [9-13]. It has been previously shown that down-regulated of EphB6 is
related to epigenetic silencing of this gene by
promoter methylation [11, 14]. We previously
investigated expression of EphB6 protein in
colorectal cancers and colorectal adenomas.
We found that decreased expression of EphB6
was found in colorectal cancers as compared
with adenoma and normal tissues. EphB6 protein expression is associated with a shorter
mean duration of survival in colorectal cancer
[15]. Although the expression profile of EphB6
was documented in certain human cancers, no
data can be found about expression level of
EphB6 protein in Tongue squamous cell carcinoma, and the clinical relationship between the
expression of EphB6 and clinical pathologic
parameters. In this study, we examined the
expression of EphB6 protein in 54 of tissue
specimens of tongue squamous cell carcinoma
by using a specific polyclonal anti-EphB6 antibody. The relationship between expression of
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EphB6 and clinical pathologic parameters was
analyzed.
Materials and methods
Patients and clinicopathological variables
The study cohort consisted of 54 patients with
tongue squamous cell carcinoma (age range
27-69 years, mean age 49 years), who underwent surgery from 2002 to 2011 in Institute
and Hospital of Stomatology, Nanjing University
Medical School, China. All hematoxylin and
eosin stained slides were reviewed by two
pathologists to verify the diagnosis, histological
grade and stage.
54 patients with tongue squamous cell carcinoma were followed up until April 2011. The
records of patients who were alive at follow-up
or who did not die of disease were considered
to be censored. None of the patients received
preoperative chemotherapy or radiation therapy. This investigation was performed following
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Table 1. Expression of EphB6 and its association with
clinical pathologic parameters
No
Up
P
difference regulation value
34
20
Age (years)
<50
≥50

9
25

12
8

0.021

male
female

15
19

11
9

0.574

I+II
III+VI

23
11

7
13

0.026

I
II
III

12
21
1

7
12
1

1

yes
no

9
25

11
9

0.046

yes
no

12
24

8
12

0.772

yes
no

1
33

4
16

0.057

yes
no

1
33

1
19

1

yes
no

9
25

5
15

1

Sex

TNM stage

Grade

Lymph node metastasis

HPV infection

Dead

Relapse

Smoke

approval from the Ethics Committee of Institute
and Hospital of Stomatology, Nanjing University
Medical School, China. Informed consent was
obtained from each patient.
Immunohistochemistry
Sections from surgical specimens were fixed in
10% formalin and embedded in paraffin and
were used for immunohistochemical staining
according to a standard method. Briefly, each
4-µm tissue section was deparaffinized and
rehydrated. After rehydration through a graded
ethanol series, the sections were autoclaved in
10 mM citrate buffer (pH 6.0) at 120°C for 2
min for antigen retrieval, then cooled to 30°C
and washed with phosphate-buffered saline (PBS, pH 7.3). After endogenous peroxi11430

dase had been quenched with aqueous 3% H2O2 for 10 min, the sections
were washed with PBS, incubated at
4°C overnight with primary rabbit
polyclonal anti-EphB6 antibody (Abgent, San Diego, CA, USA) at a dilution
of 1:400 and then washed with PBS.
The sections were incubated with secondary antibody (Dako REAL EnVision
Detection System, Dako, UK) for 20
min at room temperature. This was followed by color development with 3,
3’-diaminobenzidine solution for 1 min
and counterstaining with hematoxylin
for 3 min. After counterstaining, the
slides were washed with PBS, dehydrated, cleared in xylene, and mounted
in neutral balsam. Primary antibody
was replaced with antibody diluent for
negative controls. The colon mucosa
with known positivity was used as a
positive external control. No reliable
internal controls were available.
EphB6 staining was independently
evaluated for immunoreactivity by two
pathologists who were double-blinded
to clinical data according to the scoring
criteria. Immunoreactivity was determined according to the intensity of
cytoplasmic staining. EphB6 expression was assessed by 4 staining intensities (0= no staining, 1= weak, 2=
moderate, 3= strong). The level of
EphB6 expression was assessed by
comparing the score of the tumor cells
to adjacent normal epithelial cells.

Statistical analysis
The Chi-square test (Fisher’s exact test) was
used to assess the associations between
EphB6 protein expression and clinicopathological variables. P-values <0.05 (two-sided) were
considered statistically signiﬁcant. All analyses
were performed by SPSS software (version
16.0, Chicago, IL, USA).
Results
EphB6 expression
The expression of EphB6 protein was determined in tongue squamous cell carcinoma by
immunohistochemical staining. As shown in
Figure 1, EphB6 staining was predominantly
Int J Clin Exp Pathol 2015;8(9):11428-11433
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Discussion
The expression level of EphB6
was detected in several types
of human cancers and the significance of EphB6 in progression, metastasis and prognosis
was analyzed. Tang et al.
detected the expression level of
EphB6, Ephrin B2, and Ephrin
B3 transcripts in human neuroblastomas [16]. They found
that higher levels of EphB6,
EphrinB2 and EphrinB3 expression were found in low-stage
tumors than in advanced-stage
tumors. Their data suggest that
Figure 2. Patients with high expression of EphB6 had a signiﬁcantly poor
high level of EphB6 is associatoverall survival compared to patients with negative or weak expression.
ed with favorable neuroblastomaand is predictive of outcome
localized in the cytoplasm and some in the celof neuroblastom [17]. Fox et al. has demonstrated the loss of EphB6 protein in invasive
lular membrane. The expression level of EphB6
breast carcinoma cell lines and absence of
in carcinoma cells from 34 out of 54 (63%)
EphB6 transcript in a metastatic breast tumor
specimens was no alterative compared with
specimen [10]. Yu et al. detected expression of
normal squamous cells in same patient (Table
EphB6 in normal lung tissues, NSCLC without
1).
metastasis and with metastasis and matched
EphB6 expression in tongue squamous cell
tumor-normal pairs of NSCLC patients [14].
carcinoma and its correlation with clinicopathThey found that EphB6 mRNA and protein levological features
els were significantly reduced in NSCLC tumors
compared with matched normal lung tissues.
The level of EphB6 protein staining was
Decreased EphB6 expression levels were assoincreased in carcinoma cells in 20 out of 54
ciated with an increased risk for metastasis
(37%) specimens compared with normal squadevelopment in NSCLC patients. They demonmous cells in same patient. The high-expresstrated that loss of expression correlated with
sion of EphB6 was significantly associated with
EphB6 hypermethylation.
age (P=0.021), tumor TNM stage (P=0.026)
The varied biological effects of the Eph recepand lymph node metastasis (P=0.046).
tors are mediated in part by the expression of
Patients with high expressed EphB6 protein
these receptors and their intracellular binding
had a high mortality (P=0.057). No significant
proteins [9, 13, 18-20]. The ability of Eph molrelationship between expression of EphB6 and
ecules to form heterodimers within their own
sex, tumor grade, HPV infection, relapse and
class has been suggested, although not
smoke was found.
exhaustively characterized. Fox et al. has clarified this phenomenon by showing that EphB6
Association between EphB6 expression and
can interact with EphA2 and EphB2 in mammaoverall survival in patients
lian cells [21]. They correlated relative expresUsing the follow-up data of the 54 patients in
sion of EphB6, EphB2 and EphA2 with nonconjunction with the results from the EphB6
invasive and invasive phenotypes of breast
IHC staining experiments, we showed that
tumor cell lines. These data indicated that
patients with high expression had a signiﬁcantly
tumor invasiveness-suppression activity of
poor overall survival (OS) compared to patients
EphB6 is mediated by its ability to sequester
with negative or weak expression (P=0.042,
other kinase-sufficient and other oncogenic
Figure 2).
Eph receptors.
11431
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Till now, most studies show that EphB6 works
as a tumor suppressor in cancers. However, in
this study we found that the high-expression of
EphB6 was significantly associated with
advanced tumor TNM stage and lymph node
metastasis. Patients with high expressed
EphB6 protein had a high mortality. We postulate that the role of EphB6 in the carcinogenesis is variable between adenocarcinoma and
squamous cell carcinoma. The loss of expression of EphB6 was frequently observed in adenocarcinoma including breast carcinoma, lung
adenocarcinoma, and colorectal cancer. The
expression and role of EphB6 were not intensively investigated in squamous cell cancers.
The present study is the first time to describe
expression level of EphB6 and its correlation
with clinical pathological parameters in squamous cell carcinoma. Matsuoka et al. showed
that EphB6 exerts biphasic function in adhesion and migration in response to different concentration of ligand, with a functional transition
from promotion to inhibition [22]. In the present
study, we did not detect the EphrinB2 and
EphrinB3 ligands expression level in tongue
squamous cell carcinoma and we should
explore the relation between ligands and EphB6
receptor expression in the future.
In summary, we found that high-expression of
EphB6 in tongue squamous cell carcinoma is
associated with advanced tumor TNM stage,
lymph node metastasis and poor outcome of
patients.
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