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Abstract
Background—EphA2 is a tyrosine kinase receptor in the ephrin family that is implicated in
oncogenesis and angiogenesis. Our goal was to study the role of EphA2 in endometrial cancer and
its relation to steroid hormone receptor expression.

Methods—EphA2, estrogen receptor (ER), progesterone receptor (PR) and Ki-67 expression
were evaluated using immunohistochemistry in 139 endometrioid endometrial carcinomas (EEC)
and in 10 benign endometrial samples. Samples were scored by 2 investigators blinded to clinical
outcome. Results were correlated with clinicopathologic characteristics using univariate and
multivariate analysis. A p value of <0.05 was considered statistically significant.

Results—High expression of EphA2 was detected in 48% of EEC samples vs. 10% of benign
samples. EphA2 overexpression was significantly associated with high-stage (p=0.04), high-grade
(p=0.003), increased depth of myometrial invasion (p=0.05), low ER (p=0.01), low PR (p=0.006)
and high Ki-67 expression (p=0.04). Low ER and PR expression were both associated with high-
grade, positive lymph nodes, high Ki-67 expression and high EphA2 expression. On univariate
analysis of all patients, high EphA2 expression was significantly associated with shorter disease-
specific survival (DSS, p<0.001). On multivariate analysis, age (p<0.001), high-stage (p=0.002)
and high EphA2 expression (p=0.04) were independent predictors of poor DSS.

Conclusions—EphA2 overexpression is associated with aggressive phenotypic features in
endometrioid endometrial carcinomas, and is inversely associated with ER and PR expression.
Thus, EphA2 may be an important therapeutic target, especially in patients with hormone-receptor
negative endometrial carcinoma.
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Introduction
Endometrial cancer is the most common cancer of the female genital tract and will account
for 40,100 new cases in 2008 (1). Eighty percent of endometrial cancers are of endometrioid
histology (2). While majority of patients (70-80%) present with early-stage disease and have
a 5-year survival rate of approximately 80%, an estimated 7,470 women will die due to their
disease in 2008 (1, 2). Thus, a better understanding of the underlying molecular mechanisms
is needed to plan effective therapeutic strategies, especially for women with advanced and
recurrent endometrial cancer.

Receptor tyrosine kinases play an important role in diverse molecular functions such as
cellular proliferation, differentiation and migration (3, 4). The Eph receptors are the largest
family of tyrosine kinases and are divided into two subclasses based on interaction with their
ligands, ephrin-A and ephrin-B (5). There is growing evidence that several Eph receptors
play critical roles in cancer development and progression (6). EphA2 is a transmembrane
protein that is primarily found on adult human epithelial cells, unlike other Eph kinases
which are mainly expressed during embryogenesis (5, 6). While the specific role for EphA2
in normal epithelium is not fully known, EphA2 may potentially regulate cell growth,
invasion, angiogenesis and survival of cancer cells (6, 7). EphA2 overexpression has been
demonstrated in several solid tumors including melanoma, breast, prostate, lung and ovarian
cancer (7–10). However, the clinical relevance of EphA2 expression in endometrial cancer
is unknown.

In the present study, we sought to examine the role of EphA2 expression in patients with
endometrial carcinoma. In addition, we investigated the relationship of EphA2 with known
prognostic factors in endometrial cancer including the expression of steroid hormone
receptors and markers of cellular proliferation.

Materials and Methods
Samples for Immunostaining

Following IRB approval, archived formalin-fixed, paraffin embedded samples were obtained
from 139 patients with endometrioid endometrial carcinoma who were surgically treated at
the University of Texas M. D. Anderson Cancer Center and the Methodist Hospital between
2000 and 2004, and who had adequate tissue available for immunohistochemical evaluation.
All patients were surgically staged based on the International Federation of Gynecology and
Obstetrics (FIGO) staging system. None of the patients received pre-operative chemotherapy
or radiation. Endometrial samples from ten women who underwent hysterectomy for benign
indications were included as controls for the expression of the study proteins.

Immunohistochemical Staining
The methods for immunohistochemical staining of paraffin-embedded samples have been
previously described (10, 11). Briefly, formalin-fixed, paraffin-embedded samples were
sectioned at 4 μm and stained with hematoxylin and eosin (H&E) for tumor confirmation.
Sections adjacent to the H&E staining were used for immunohistochemical staining.
Sections were deparaffinized and then probed with either a monoclonal EphA2 antibody
(MedImmune, Gaithersburg, MD), mouse antihuman estrogen receptor-α (ER; dilution 1:10)
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mouse antihuman progesterone receptor (PR; dilution 1:75); and mouse antihuman Ki-67
(dilution 1:100; DakoCytomation, Carinteria, CA). After this, slides were rinsed with PBS,
incubated with a secondary antibody for 30 minutes, and then with the Ready-to-Use avidin-
biotin complex method reagent for 5-15 minutes and then counterstrained with 1:10 dilution
of Mayer's hematoxylin for 35-60 seconds.

Semiquantitative analysis of immunostaining
All samples were reviewed by two investigators (A.A.K. and D.C.), who were blinded to the
clinical outcome of patients. Semi-quantitative assessment of immunohistochemical
expression was performed as previously described (11) by assessing the percentage of
stained tumor cells and staining intensity. Briefly, the percentage of positively stained cells
was rated as follows: 0 points, 0-5%; 1 point, 6-50%; 2 points, 51-75%; 3 points, >75%. The
staining intensity was rated in the following manner: 2 points, weak intensity; 3 points,
moderate intensity; 4 points, strong intensity. The product of the scores for intensity and
percentage of positive cells were used to get an overall score index (SI) ranging from 0-3.
Tumors were categorized into 3 groups based on the SI: negative or weak expression (SI of
0-4), moderate expression (SI of 5-8) and strong expression (SI of 9-12). For Ki-67
expression, the number of positively stained cells in 5-high powered fields in the areas of
greatest proliferation were calculated and the percentage of positive cells per filed were
calculated.

For statistical analyses, tumors were dichotomized into 2 groups based on the level of
immunostaining as follows, for EphA2, low expression (negative, weak or moderate
staining; SI= 0-8) and high expression (strong staining; SI = 9-12); for ER and PR, low
expression (negative or weak staining; SI = 0-4) and high expression (moderate and strong
staining; SI = 5-12); for Ki-67, low expression (Ki-67 positive cells ≤ 30%) and high
expression (Ki-67 positive cells > 30%). For all immunohistochemical analyses, the
independent scores from both investigators were consolidated into a final score, which is
reported in this study. Any differences in the scores were adjudicated following discussion
between the two investigators.

Clinicopathologic analysis
All patients underwent surgical exploration and primary surgical staging as the initial
treatment. The extent of the surgical staging was based on the pre-operative endometrial
biopsy, frozen section pathology and the surgeon's clinical judgment. The treating
gynecologic oncologist determined the adjuvant therapy. The pathologic diagnosis was
verified by the pathology reports. A gynecologic pathologist (D.C.) reviewed all the H&E
slides to confirm the histopathologic diagnosis and tumor grading. Based on FIGO stage,
patients were divided into two groups, low stage (FIGO stage I and II, n=108) and high-
stage (FIGO stage III and IV, n=31). A clinical remission was defined as no evidence of
disease based on physical examination and/or imaging studies. Disease specific survival
(DSS) was defined as the time from diagnosis until the date of death or the date of last
contact.

Statistical Analysis
Chi-square or Fisher's exact tests were used, as appropriate, to test for the association in the
proportions across levels of a single covariate factor and expression of EphA2, ER, PR and
Ki-67. Patients who were alive at last follow-up or died from causes other than uterine
cancer were censored at the date of last follow-up. Disease specific survival (DSS) estimated
using the Kaplan-Meier product limit method. A two-sided log-rank test was used to test for
differences between survival curves. DSS was assessed using both univariate and
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multivariate Cox proportional hazards regression. A p value of <0.05 on two-tailed testing
was considered significant.

Results
Demographic Factors

To determine the clinical significance of EphA2 expression in human endometrial cancers,
we examined 139 samples stained for EphA2, ER, PR and Ki-67 expression. The
demographic features of the patients are listed in Table 1. The mean age of patients was 63
years (range, 27 - 91). Seventy-eight percent of patients had stage I or II disease, all tumors
were of endometrioid histology and only 18% were poorly-differentiated. The median
follow-up for patients in this study was 24.9 months.

EphA2 expression in Human Endometrioid Endometrial Cancer Samples
Representative photomicrographs illustrating negative, low and high expression of EphA2
are presented in Figure 1. In addition, 10 samples of benign endometrium were also stained
for EphA2 expression. Majority of the benign samples (90%) demonstrated negative or
weak expression of EphA2. Among the invasive endometrioid endometrial cancers, 72
(52%) had low or weak expression and 67 (48%) tumors overexpressed EphA2. In 2
samples, EphA2 expression could not be assessed due to poor sample quality.

Association of EphA2 expression with Clinical and Pathologic Variables
Based on the fact that EphA2 is overexpressed in a large proportion of endometrioid
endometrial cancers, we next analyzed the association of EphA2 expression with known
prognostic variables. The correlations of EphA2 overexpression with various clinical and
pathologic variables are listed in Table 2. EphA2 was overexpressed in 65% of patients with
high-stage disease compared to 43% with low-stage disease (p=0.04). Interestingly, high
levels of EphA2 expression were also associated with higher grade tumors (grade 3; 76%,
p=0.006) as well as increasing depth of myometrial invasion (p=0.047). There was no
significant difference in EphA2 expression among patients with negative, positive or
unknown lymph node status.

Since the presence of steroid hormone receptor expression is a good prognostic indicator in
patients with endometrial cancer and may guide therapeutic strategies, we next evaluated the
expression of ER and PR in our cohort. High expression of ER and PR (Figure 1) was
demonstrated in 46% and 55% of the samples, respectively. When we analyzed the
expression of EphA2 in relation to steroid hormone receptor expression, EphA2
overexpression was demonstrated in 59% of tumors with low ER expression compared to
32% of tumors with high ER expression (p=0.01). A similar finding was seen with PR,
where tumors with low expression showed high EphA2 expression in 62% of cases
compared to 38% in tumors with high PR expression, a highly significant difference
(p=0.006). Finally, we studied the relationship of EphA2 expression with the degree of
cellular proliferation as represented by the percentage of tumor cells that stained positive for
Ki-67 (Figure 1D). Tumors with a higher fraction of proliferating cells demonstrated a
higher level of EphA2 expression (59%) compared to tumors with lower levels of Ki-67
(41%, p=0.04).

Clinical Outcome Based on EphA2 Expression
Prior to testing the prognostic significance of EphA2 expression, we first performed
univariate analyses of traditional clinical variables for DSS (Table 3). Age was analyzed as a
continuous variable and advancing age was significantly associated with an increased risk of
death due to EEC (p=0.002). As expected, high-stage (p=0.01), high tumor grade (p=0.001)
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and depth of myometrial invasion (p=0.003) were all associated with a shorter DSS.
Interestingly, lymph node status was not a significant determinant of DSS. Of note, there
were 5 deaths out of 12 patients in whom nodal status was not known; all of whom
demonstrated high EphA2 expression in their tumors. Among other variables tested, low ER
(p=0.001), low PR (p=0.002) and high Ki-67 (p<0.001) were all significantly associated
with a significantly shorter DSS among patients with EEC. The median DSS for patients
with tumors overexpressing EphA2 compared to those with low EphA2 expression was
highly significant (p<0.001, Figure 2). In analysis restricted to tumors with low ER, those
with EphA2 overexpression had a median DSS of 43 months compared to those with low
ER and low EphA2 expression (median DSS of 80 months; p =0.01).

Based on the findings that EphA2 overexpression is associated with aggressive features in
patients with endometrioid endometrial cancer, we next assessed whether there was an
independent association between EphA2 expression and DSS. Using a Cox proportional
hazards model, we performed a multivariate survival analysis (Table 4). Using a model that
included age, stage and grade of disease, depth of invasion, nodal status and markers
including EphA2, ER, PR and Ki-67, we found that increasing age (p<0.001), high-stage
(p=0.002) and EphA2 overexpression (p=0.04) were each independent predictors of shorter
DSS. In this model, patients whose tumors overexpressed EphA2 had a 3-fold increased risk
of death compared to those with low EphA2 expression. Since positive lymph node status is
a known predictor of poor prognosis for endometrial cancer patients, we reanalyzed our
cohort with the exclusion of the 16 patients in whom lymph node status was unknown.
Among patients with known lymph node status, there remained a significant association of
high EphA2 expression with shorter DSS (p=0.002). On multivariate analysis in this sub-
group of patients, once again, high EphA2 expression was independently associated with a
shorter DSS (HR 3.0, 95% CI 1.05 – 8.56; p=0.04).

Discussion
The major findings of the present study are that a large proportion of endometrioid
endometrial cancers overexpress EphA2, compared to weak or negative expression in
majority of benign endometrial samples. EphA2 overexpression was significantly associated
with several aggressive clinical variables and was inversely associated with the expression
of steroid hormone receptors. Significantly, EphA2 overexpression was an independent
predictor of shorter disease-specific survival in these patients. Together, these results
indicate that EphA2 may be an attractive therapeutic target, especially in patients with
steroid receptor-negative endometrial cancer.

Our work adds to the growing evidence that EphA2 may play an important role in
progression and development of several malignancies (5, 6). EphA2 is a receptor tyrosine
kinase that is found at low levels on non-transformed epithelial cells (12). Although the role
of EphA2 in normal epithelia is not fully understood, the cellular consequences of ligand
binding include negative regulation of cell growth, migration and invasion (7, 13, 14).
EphA2 overexpression has been reported in many cancers, including breast, melanoma,
prostate, lung and ovarian carcinoma (10). Kinch and colleagues showed that EphA2-
transfected non-transformed cells demonstrate increased growth in vitro and form larger and
more aggressive tumors in vivo (15). Moreover, EphA2 was found to be an independent
prognostic factor for survival in patients with ovarian cancer, with more that 75% of tumors
overexpressing this oncoprotein (10). In our cohort, tumors overexpressing EphA2 were
associated with deep myometrial invasion. Recently, overexpression of EphA2 was found to
be associated with elevated levels of several matrix metalloproteinases (MMPs) including
MMP-2, MMP-9 and MT1-MMP, all of which facilitate migration and invasion of tumor
cells (16). Interestingly, EphA2 expression was associated with poor clinical outcome
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independent of lymph node status. In our study, EphA2 overexpression was noted in tumors
with higher levels of proliferation. These findings are supported by other studies regarding
EphA2's role in tumor cell growth, angiogenesis and differentiation (17, 18).

Obesity and other hyperestrogenic states are known risk factors for the development of
endometrial cancer (2). Endometrioid endometrial carcinomas, which account for greater
than 80% of all endometrial cancers, are associated with a estrogen-driven model of
carcinogenesis, where unopposed estrogen stimulation leads to malignant transformation of
benign endometrium (19). In general, high levels of ER and PR are directly correlated with
lower tumor grade, less myometrial invasion, lower incidence of nodal metastases and a
good clinical outcome (20. 21). In our study, low expression of both steroid hormone
receptors was significantly associated with a shorter DSS. There is some evidence that
suggests a close interplay between EphA2 and ER (22). For example, EphA2 levels in breast
cancer cells are inversely related to ER expression (22). Previous studies have also shown
that EphA2 overexpression increases the malignant characteristics of ER-positive breast
cancer cells (15). Moreover, these growth-promoting effects of EphA2 occur in the absence
of estrogen, making these cells resistant to tamoxifen. Inhibition of EphA2 using an
antibody can reverse these effects, making these cells once again sensitive to tamoxifen (15).
Our results extend these findings and further indicate that the subset of patients whose
tumors had low ER and high EphA2 expression had a worse prognosis than those with low
EphA2 expression. These data suggest that EphA2 overexpression may contribute to the
increased growth and invasiveness of ER-deficient cells, but additional mechanistic studies
are required. In patients with recurrent or advanced endometrial cancers, hormonal therapies
are commonly used, with best response rates seen in patients with well-differentiated,
steroid hormone receptor positive tumors (23). Thus, these findings may have therapeutic
implications for patients with poorly differentiated endometrial cancers that are steroid
hormone deficient.

Efforts to target EphA2 are being actively pursued in our laboratory using a variety of
different approaches. One approach using an agonistic antibody against EphA2 in
conjunction with paclitaxel was shown to inhibit tumor growth and improve survival in mice
with advanced ovarian cancer (24). Another novel approach for targeting EphA2 using
siRNA incorporated in neutral liposomes has been recently described in an orthotopic
ovarian cancer model (25). Intraperitoneal administration of liposomal EphA2-siRNA
complexes along with paclitaxel resulted in significant reduction in tumor growth compared
to non-silencing siRNA and paclitaxel treatment (25). Thus, EphA2-directed approaches in
conjunction with chemotherapy appear promising and may provide alternative treatment
options for patients with advanced endometrial cancer.

In summary, to the best of our knowledge, this is the first study to investigate the clinical
relevance of EphA2 in endometrioid endometrial cancer. Tumors displaying EphA2
overexpression are associated with features of poor prognosis including high-stage, high-
grade, deep myometrial invasion, high proliferative index and low expression of steroid
hormone receptors. Notably, along with age and advanced stage, EphA2 overexpression is
an important independent predictor of shorter DSS in patients with endometrioid
endometrial cancer. These findings support the evaluation of EphA2-targeted therapies in
patients with advanced or recurrent endometrial cancer.
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Figure 1.
Representative images of invasive endometrioid endometrial cancers following
immunohistochemical staining for EphA2, ER, PR and Ki-67. All pictures were taken at
original magnification, X 200.
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Figure 2.
Kaplan Meier Curves showing the effect of study markers on disease-specific survival in
patients with endometrioid endometrial cancer.
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Table 1
Demographic features of patients with endometrioid endometrial cancer

Variable N=139

Age* (y) 63 (27-91)

Menopausal Premenopausal 24 (17)

Postmenopausal 112 (81)

Unknown 3 (2)

Stage Low (I / II) 108 (78)

High (III / IV) 31 (22)

Grade 1 35 (25)

2 79 (57)

3 25 (18)

Depth of invasion ≤ ½ myometrium 100 (72)

> ½ myometrium 39 (28)

Node status Negative 74 (53)

Positive 49 (35)

Not done 16 (12)

*
Mean (range)
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Table 2
Association of EphA2 overexpression with clinicopathologic variables in endometrioid
endometrial cancer

N=139***

Low EphA2 High EphA2 p

Stage Low (I/II) 61 47

High (III/IV) 10 19 0.04

Grade Low (1 or 2) 65 47

High (3) 6 19 0.003

Depth of invasion ≤ 1/2 56 42

> 1/2 15 24 0.047

Node status Negative 40 34

Positive 25 24

Not done 6 8 0.7

ER* Low 28 41

High 43 25 0.01

PR* Low 23 37

High 48 29 0.006

Ki-67** Low 48 33

High 23 33 0.04

NOTE:

*
Low expression of ER and PR denotes negative, weak or moderate expression (SI = 0-8); high expression of ER and PR denotes strong expression

(SI = 9-12).

**
Low expression of Ki-67 denotes ≤ 30% positive cells and high expression denotes > 30% positive cells.

***
Missing numbers denote samples that were damaged and could not be evaluated.

Cancer. Author manuscript; available in PMC 2011 July 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kamat et al. Page 13

Table 3
Univariate survival analysis of prognostic variables for DSS in endometrioid endometrial
cancer patients

N=139

Variable Median Survival HR (95% CI) p

Age (per yr) NR NR 1.05 (1.02-1.09) 0.002

Stage* NR NR 2.67 (1.21-5.87) 0.01

FIGO grade* NR 25 4.44 (2.11-9.35) 0.001

Depth of invasion > ½* NR NR 3.18 (1.49-6.78) 0.003

Positive nodes NR NR 0.7 (0.27-1.81) 0.4

High ER 93 NR 0.22 (0.09-0.56) 0.001

High PR 93 NR 0.27 (0.12-0.63) 0.002

High Ki-67 NR 93 4.19 (1.78-9.86) 0.001

High EphA2 NR NR 4.66 (1.87-11.59) <0.001

*
For the clinical variables, the groups are sub-classified as low and high as follows: Stage: low (I/II) and high (III/IV); FIGO grade: low (1 or 2)

and high (3); Histology: low (endometrioid) and high (non-endometrioid); Depth of invasion: low (≤ ½ myometrial thickness) and high (> ½
myometrial thickness). The same criteria for low and high expression of immunohistochemical variables were used as in Table 2. NR = not reached
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Table 4
Multivariate survival analysis using Cox proportional hazards model

N=139

Variable HR (95% CI) p

Age (per year) 1.09 (1.04 - 1.14) <0.001

High-stage (III/IV) 5.64 (1.89 – 16.8) 0.002

High-grade (grade 3) 1.78 (0.62 – 5.13) 0.3

Depth of invasion > ½ 1.96 (0.79 – 4.84) 0.14

Positive lymph nodes 0.56 (0.19 – 1.63) 0.3

High ER expression 0.4 (0.12 – 1.3) 0.12

High PR expression 0.66 (0.2 – 2.12) 0.48

High Ki-67 expression 2.07 (0.69 – 6.25) 0.2

High EphA2 expression 3.05 (1.05 – 8.87) 0.04
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