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Expression of EphA2 protein is positively associated
with age, tumor size and Fuhrman nuclear grade in
clear cell renal cell carcinomas
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Abstract: The receptor tyrosine kinase of EphA2 has been shown frequently overexpressed in various types of hu-
man carcinomas, which implicated that it plays important roles in carcinogenesis. Although EphA2 protein expres-
sion has been investigated in many types of human carcinomas, the relationship between the expression of EphA2
protein in clear cell renal cell carcinoma was not well documented. In the present study, using specific anit-EphA2
polyclonal antibody and immunohistochemistry, we evaluated EphA2 protein expression levels in clear cell RCC
specimens surgically resected from 90 patients. Our results shows that EphA2 protein was positively expressed in
all normal renal tubes of 90 samples (100%, 3+), which was expressed at low levels in renal cortex but high levels
in the collecting ducts of the renal medulla and papilla. EphA2 was negatively or weakly expressed in 30 out of 90
samples (33.3%, 0/1+), moderately expressed in 24 samples (26.7%, 2+) and strongly expressed in 36 samples
(40%, 3+). Expression of EphA2 was positively associated with age (P=0.029), tumor diameters (P<0.001) and
Fuhrman nuclear grade (P<0.001). Our results indicate that EphA2 variably expressed in clear cell renal cell carci-
nomas. High expression of EphA2 was more often found in big size and high nuclear grade tumors, which indicated
EphA2 protein may be used as a new marker for the prognosis of clear cell renal cell carcinoma.
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Introduction Recent advances in the molecular pathogene-
sis of clear cell RCC revealed several genetic
alterations. The Von Hippel-Lindau (VHL) muta-
tion is the most common genetic alteration.

Chromosome 3p deletion and inactivation of

Renal cell carcinoma (RCC) is the most com-
mon neoplasm in the kidney, which comprises
several histological subtypes according to the

differences in genetics, biology and behavior.
RCC consists of clear cell RCC, papillary RCC,
chromophobe RCC, collecting duct RCC, renal
medullary carcinoma, Xp11 translocation RCC.
The major histologic subtype of RCC is clear cell
RCC also called conventional RCC, which
accounted for 75% in RCC [1]. RCC is thought to
arise from a variety of specialized cells located
along the length of the nephron. The clear cell
RCC is thought to arise from the epithelium of
the proximal tubule. Clear cell RCC shows a
less favorable prognosis than other common
subtypes, such as chromophobe and papillary
RCC.

the VHL suppressor gene is the most common
genetic alteration [2-4]. Aimost all familiar clear
cell RCC arise from an inherited mutation in
VHL tumor suppressor gene. The second allele
of VHL has been shown to be inactivated by
deletion and by promoter hypermethylation or
rearrangement in the RCC. The VHL tumor sup-
pressor gene stabilizes hypoxia-inducible fac-
tors (HIF-1 and HIF-2), and PBRM1 has a role in
chromatin remodeling. As mutations in these 2
genes have the main pathogenic role, oncogen-
ic metabolic shift and epigenetic alteration
have been regarded as a major pathogenesis of
clear cell RCC.
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Figure 1. Expression of EphA2 protein in clear cell renal cell carcinoma and normal renal tube. (A) High expression
of EphA2 in normal renal tubes and negative in renal glomerulus. Representative samples of high expression of
EphA2 Fuhrman nuclear grade | (B), Il (C) and Il (D) clear cell renal cell carcinoma. Original magnification, x200.

Receptor tyrosine kinases of the Eph family and
Ephrin ligands play important roles in vascular
development, tissue-border formation, cell
migration, axon guidance, and angiogenesis.
Abnormal expression of Eph receptor tyrosine
kinases in cancers is related to malignant
transformation, tumor metastasis, tumor differ-
entiation, and outcome. The family is subdivid-
ed into class A and class B based on homology
and binding affinity for 2 distinct types of mem-
brane-anchored ephrin ligands. Class B recep-
tors generally bind to class B ephrin that are
attached to the cell membrane by a transmem-
brane-spanning domain, which A class receptor
normally interact with glycosyl-phosphatidylino-
sitol-linked class A ephrins, although interclass
binding does occur among certain family mem-
bers. Increasing evidence suggests that EphA2
expression may be causally related to neopla-
sia. EphA2 overexpression has been observed
in several models of cancer, including primary
and transplanted rodent tumors, human tumor
xenografts, and primary human tumor biopsies.
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Overexpression of EphA2 has been observed in
numerous cancer types, including melanoma
[5], breast carcinoma [6, 7], lung cancer [8-11],
and prostate carcinoma [12-16]. However, the
expression of EphA2 in RCC has not been well
investigated. In this study, we investigated the
expression levels of EphA2 protein in a set of
clear cell RCC samples, and determined if its
expression is associated with clinicopathologi-
cal parameters.

Materials and methods
Tissue samples

The RCC tissue samples in our study were col-
lected from 90 patients (57 males, 33 females,
average age=56.3 years; range=35-81 years
old at the time of resection) with RCC as part of
a study approved by the Research Ethics Board
of Jinling Hospital, China. All patients were
treated by radical or partial nephrectomy and
rendered disease-free. Formalin-fixed and par-
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Table 1. Expression of EphA2 protein in ccRCC
and the association to clinicopathologic pa-
rameters

EphA2 protein

0. 0,1+ 2+ 3+ P value
Sex
Male 57 24 12 21 0.055
Female 33 6 12 15
Age (years)
<50 21 12 3 6 0.029
50-70 53 17 15 21
>70 16 1 6 9
Tumor diameter (cm)
<7 63 27 21 15 <0.001
>7 27 3 3 21

Nuclear grade
I 27 21 3 3 <0.001
Il 41 6 20 15
+1V 22 3 1 18

affin-embedded tissues were sectioned into
slices 4 m thick and stained with hematoxylin
and eosin for pathological identification.

Immunohistochemical staining

Sections from surgical specimens fixed in 10%
formalin and embedded in paraffin were used
for immunohistochemical staining according to
the standard method. Briefly, each 4-m 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 non-specific sites had been
blocked in 10% normal calf serum in PBS for 10
min, the sections were incubated at 4°C over-
night with an anti-EphA1 polyclonal antibody
(Abgent, San Diego, CA, USA) at a 1:500 dilu-
tion in antibody diluent solution (Zymed,
Invitrogen), and then washed with PBS. The
specificity of EphA2 antibody was previously
investigated in colorectal cancer sections using
blocking peptide. Next, the sections were incu-
bated with secondary antibody (Dako REAL
EnVision Detection System, Dako, UK) for 30
min at room temperature. Color development
was performed with 3,3-diaminobenzidine
(DAB). Nuclei were lightly counterstained with
hematoxylin. Two pathologists independently
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assessed the immunostained slides. Any differ-
ence in immunohistochemical scores was
resolved by a consensus. |Immunohis-
tochemical staining of both normal and cancer
cells was assessed according to the intensity of
stained cells. Staining intensity was evaluated
as: O=negative, 1=weak, 2=moderate, 3=
strong.

Statistical analysis

The statistical significance of intergroup differ-
ences was evaluated by a chi-square test. All
statistical analyses were performed using
SPSS software (SPSS 11.5, Chicago, IL). A two-
sided P value less than 0.05 was considered
statistically significant.

Results

Expression of EphA2 protein in normal renal
tubes

The subcellular location of EphAl protein was
in cytoplasm (Figure 1). The EphA2 protein was
positively expressed in normal renal tubes of
90 samples (100%, 2+ or 3+), which was
expressed at low levels in renal cortex but high
levels in the collecting ducts of the renal medul-
la and papilla, but not expressed in renal
glomerulus.

The relationship between the expression of
EphA2 protein in RCC and clinicopathologic
parameters

Our results indicate that EphA2 variably
expressed in clear cell renal cell carcinomas.
EphA2 was negatively or weakly expressed in
30 out of 90 samples (33.3%, 0/1+), moder-
ately expressed in 24 samples (26.7%, 2+) and
strongly expressed in 36 samples (40%, 3+).
Expression of EphA2 was positively associated
with age (P=0.029), tumor diameters (P<0.001)
and Fuhrman nuclear grade (P<0.001) (Table
1). Fuhrman (nuclear) grade criterion used in
present study is as follows. Grade I: Small,
round, uniform nuclei (10 microns), inconspicu-
ous nucleoli, look like lymphocytes (very rare).
Grade ll: Slightly irregular nuclei, see nucleoli at
40x only, nuclear diameter 15 microns, open
chromatin (40% of tumors). Grade lIl: See
nucleoli at 10x, nuclei very irregular, diameter
20 microns, open chromatin (30-40% of
tumors). Grade IV: Mitoses; bizarre, multilobat-
ed, pleomorphic cells plus grade 3 features,
macronucleoli (15% of tumors).
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Table 2. Summary of researches of EphA2 expression on renal cell carcinoma

Authors Date Samples

Methods  Results

Walter J. Storkus et al 2003 Cell line, 40 patients with RCC ~ Western blot The highest levels of EphA2 are

Keisuke Shirai et al 2005 34 patients (30 CCRCC, 3papil- IHC
lary, and 1 choromophobic RCC)

Yaling Bai et al 2014

62 patients with RCC

consistently found in most ad-
vanced stage of disease

RCC lesions express higher levels
of EphA2. The degree of EphA2
overexpression seemed predictive
of short-term interval

IHC 67.7% cases of RCC demonstrat-
ed a high expression of EphA2
protein. High EphA2 expression
predicted a shorter survival

Although no significant relation between the
expression of EphA2 and sex of patients was
found (P=0.055), female patients were often
showed high level expression of EphA2 protein
than male patients (Table 1).

Discussion

Overexpression of EphA2 has been found in a
wide array of solid tumors, including breast
cancer [17], prostate cancer [12, 18], colorec-
tal cancer [19, 20], ovarian cancer [21, 22],
non-small cell lung cancer [8], gastric cancer
[23], squamous cervical carcinoma [24], esoph-
ageal squamous cell carcinoma [25], and mela-
noma [5]. Overexpression of EphA2 is signifi-
cantly associated with cancer progression [26],
metastasis and shorter overall survival in can-
cers [8, 9]. EphA2 is proposed to be an onco-
gene and a potential target for cancer therapy
[27-32].

The EphA2 expression in renal cell carcinoma
has been studied to a degree by several groups
and summarized in Table 2. Walter J. Storkus et
al reported that EphA2 is overexpressed in
renal cell carcinoma cell lines and 40 patients
with RCC. They found that highest levels of
EphA2 are consistently expressed in the most
advanced stages of the disease [33]. In anoth-
er paper, Walter J. Storkus et al tested expres-
sion of EphA2 in 34 patients of RCC, including
30 conventional clear-cell RCC, 3 papillary, and
1 chormophobic RCC by using specific anit-
EphA2 monoclonal antibody and immunohisto-
chemistry [34]. They found that RCC lesions
expressing higher levels of EphA2 tended to be
of a higher grade and larger, more highly vascu-
larized tumors. Most notable, they found the
degree of EphA2 overexpression seemed pre-
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dictive of short-term versus longer-term dis-
ease-free interval and of overall survival. Bai et
al evaluated the expression of EphA2 protein in
62 patients with RCC by immunohistochemistry
and analyzed the correlations between EphA2
expression levels and clinicopathological vari-
ables and outcome of patients. They found that
EphA2 expression was positively related with
TNM classification, size of tumor, and lymph
node metastasis. The length of the survival
time of the patients with high levels of EphA2
expression was significantly lower than that of
the patients with low levels of EphA2 expres-
sion [35].

In the present study, we subjected 90 clear cell
renal cell carcinoma samples to immiunohisto-
chemstry and analyzed the relationship
between the expression of EphA2 protein and
clinicopathologic parameters. To our knowl-
edge, till now, this is the largest number of
patients with clear cell renal cell carcinoma.
Our results showed that EphA2 protein was
positively expressed in normal renal tubes of
90 samples (100%, 2+ or 3+). This is a very
interesting phenomenon. EphA2 plays a role of
oncogene in tumors based on it overexpressed
in tumors, correlated with poor prognosis and
recurrence of patients. In this study, although
EphA2 protein positively expressed in 66.7% of
samples of clear cell renal cell carcinomas (2+
and 3+), its expression decreased from normal
renal tube cells to tumor cells. Eph receptors
and their ephrin ligands have multi-faceted
functions as tumor suppressor or tumor pro-
moters [36, 37]. EphA2 has been reported as
an oncogene playing roles in oncogenic trans-
formation and tumor progression. This result
indicated that EphA2 may not an oncogene in
renal tissue.
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In the present study, we found that expression
of EphA2 was positively associated with age,
tumor diameters and Fuhrman nuclear grade.
Our results showed that high level of EphA2
protein was more often detected in aged
patients and larger tumor. The results are par-
tially consistent with that of other group.
Fuhrman nuclear grade is an important progno-
sis parameter in renal cell carcinoma. We found
that high level of EphA2 protein was more often
detected in higher grade of tumors. This indi-
cated that EphA2 protein may be used as a new
marker for the prognosis of clear cell renal cell
carcinoma.
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