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Objective: Ephrin A (EphA) receptors are involved in tumorigenesis,
metastasis, and angiogenesis, making them attractive candidates
for new anti-cancer therapies. Here, we investigated the prognostic
value of EphA receptor expression in breast cancer (BC). Methods: We
analyzed EphA mRNA levels and survival information through the
"Kaplan-Meier plotter" database. In total, we included 3554 breast
cancer patients with a median follow-up of 20 years. A 95% con-
fidence interval (CI) and Hazard ratio (HR) were used to assess the
overall relative risk of BC outcome. Results: Our results showed that
EphA1 (HR = 0.67, 95% CI: 0.6–0.75, p = 6.3× 10−12), EphA2 (HR = 0.79,
95% CI: 0.7–0.89, p = 5.2 × 10−5), EphA3 (HR = 0.78, 95% CI: 0.69–
0.87, p = 1.7 × 10−5), EphA4 (HR = 0.72, 95% CI: 0.61–0.86, p = 3 ×
10−4), EphA5 (HR = 0.68, 95% CI: 0.57–0.82, p = 4.3 × 10−5), EphA6
(HR = 0.8, 95% CI: 0.66–0.98, p = 0.027), EphA8 (HR = 0.52, 95% CI:
0.44–0.62, p = 2.6× 10−14) and EphA10 (HR = 0.58, 95% CI: 0.5–0.68,
p = 3.6 × 10−11) were correlated with better relapse-free survival
(RFS), while EphA7 (HR = 1.19, 95% CI: 1.02–1.4, p = 0.031) was corre-
lated with a worse RFS in breast cancer patients. Conclusions: Our ana-
lyisis demonstrate that profiling EphA receptor mRNA expression in
BC patients has prognostic value.
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1. Introduction
Breast cancer (BC) is the most frequently diagnosed can-

cer in women globally. The American Cancer Society (ACS)
estimates that there will be 281,550 cases of newly diag-
nosed invasive BC and 43,600 deaths in American women
during 2021 [1]. Although significant advancements in BC
treatment including endocrine therapy, chemotherapy, tar-
get therapy and immune therapy have been achieved, the in-
cidence of BC remains on the rise with a considerable number
of BC patients relapsing following treatment [2]. Therefore,
further insights into the mechanisms underlying BC develop-
ment and re-occurrence following therapy and the develop-
ment of new drug targets and biomarkers remain essential.

Tumorigenesis and tumor development are complex pro-
cesses. They are regulated by either activating oncogenic sig-
nal transduction pathways or inhibiting tumor suppression
pathways. As the largest RTKs (receptors of tyrosine ki-
nases), the Eph family belongs to a class of target molecules
outside of repressors and promoters [3]. These receptors
have context-dependent effects of tumors, either inhibiting
tumor growth or promoting tumors growth [3]. The Eph
family of receptors can be subclassified into an A and B class,
based on molecular sequence homology and binding affinity
for distinct types of ephrin ligands [4]. There are nine re-
ceptor members (EphA1–EphA8 and EphA10) that are stimu-
lated and activated by five distinct Ephrin A ligands [4]. The
up/down-regulation of EphA receptors in a variety of can-
cers imply that they have tumor promoting or suppressing
activities, thus anti-Eph inhibitors may disrupt different key
processes of cancer progression. Despite the difficulties and
challenges of elucidating the role of EphA receptors in can-
cer cells, EphA receptors remain very attractive therapeutic
targets.

By studying expression patterns of target genes in large
cancer datasets, patients who could receive therapeutic bene-
fit from targeting a gene of interest may be identified. Herein,
we focused on EphA receptors and their potential prognostic
value in BC. In total, we computed the relapse-free survival
(RFS) of 3554 BC patients through the “Kaplan-Meier plot-
ter” database (KM plotter) [5–8], where the mRNA levels of
EphA receptors are available. We summarize EphA mRNA
expression profiles in BC samples, linking EphA receptors to
survival in BC. Moreover, this study highlights how tumor
datasets can be procured to study the relationship between
the expression of a particular gene and survival in BC.

2. Materials andmethods
We procured a large online database [9] to investigate

the connection of mRNA expression of EphA receptors
with RFS. The database from Gene Expression Omnibus
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Fig. 1. Prognostic effect of Ephrin A receptors in www.kmplot.com. Kaplan-Meier plots of RFS for all BC patients (n = 3554) are shown, in which the
HR and 95% CI are indicated below the main plots. (A) The desired Affymetrix IDs is valid: 205977_s_at (EPHA1). (B) The desired Affymetrix ID is valid:
203499_at (EPHA2). (C) The required Affymetrix IDs is valid: 206070_s_at (EPHA3). (D) The required Affymetrix IDs is valid: 227449_at (EPHA4). (E) The
desired Affymetrix IDs is valid: 237939_at (EPHA5). (F) The desired Affymetrix IDs is valid: 233184_at (EPHA6). (G) The desired Affymetrix IDs is valid:
204718_at 229288_at (EPHA7 ). (H) The desired Affymetrix IDs is valid: 1554069_at (EPHA8). (I) The desired Affymetrix IDs is valid: 236073_at (EPHA10).
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Table 1. Association of EphA receptors with ER status of BC
patients.

EphA receptors ER status Cases HR (95% CI) p values

A1
Positive 1802 0.84 (0.7–0.99) 0.042*
Negative 671 0.79 (0.62–1.01) 0.059

A2
Positive 1802 0.86 (0.71–1.05) 0.140
Negative 671 0.90 (0.7–1.16) 0.430

A3
Positive 1802 0.84 (0.69–1.04) 0.100
Negative 671 1.44 (1.1–1.88) 0.009*

A4
Positive 695 1.11 (0.79–1.56) 0.560
Negative 313 1.26 (0.87–1.83) 0.230

A5
Positive 695 0.72 (0.52–0.99) 0.044*
Negative 313 0.70 (0.47–1.05) 0.084

A6 
Positive 695 1.13 (0.83–1.54) 0.440
Negative 313 0.72 (0.48–1.06) 0.097

A7
Positive 695 1.34 (0.97–1.86) 0.076
Negative 313 0.71 (0.47–1.07) 0.096

A8
Positive 695 0.75 (0.54–1.06) 0.100
Negative 313 1.31 (0.91–1.89) 0.150

A10
Positive 695 0.66 (0.48–0.93) 0.015*
Negative 313 1.30 (0.91–1.87) 0.150

*p< 0.05.

(GEO) was initially derived from gene expression profiles
and survival data, which contains lung [5], breast [9], gas-
tric, and ovarian cancer [10]. The dataset was originally
compiled from data using Affymetrix HG-U133A (GPL96)
(Affymetrix, Santa Clara, CA, USA) and HG-U133 Plus 2.0
(GPL570) (Affymetrix, Santa Clara, CA, USA) microarrays
which contain 22,277 BC genes [9, 11, 12]. In the cur-
rent study, we analyzed the nine EphA receptors (EphA1–
8, EphA10) in the database to obtain Kaplan Meier survival
plots with 95% confidence intervals (CI). The number-at-risk
and hazard ratio (HR) were labeled on the main plots (web-
site: http://kmplot.com/analysis/index.php?p=service&canc
er=breast). In total, we analyzed 3554 BC patients with me-
dian follow-up of 20 years. All percentiles were calculated,
and the best performing threshold was used as a cutoff. Log-
rank p values were computed and displayed.

3. Results
3.1 Correlations between mRNA of EphA receptors and RFS

The potential prognostic value of EphA1 mRNA expres-
sion was first analyzed [9]. Survival curves were analyzed for
all 3554 patients demonstrating EphA1 mRNA high expres-
sion correlated with better RFS for all BC patients, (HR 0.67
(0.6–0.75), p = 6.3× 10−12 (Fig. 1A)). Next, we examined the
prognostic value of EphA2 mRNA expression [9]. High EphA2
mRNA expression predicted better RFS for all BC patients ((n
= 3554), HR 0.79 (0.7–0.89), p = 5.2× 10−5) (Fig. 1B). Fig. 1C
demonstrates the prognostic value of EphA3. Namely, EphA3
mRNA high expression was correlated with better RFS for
all BC patients ((n = 3554), HR 0.78 (0.69–0.87), p = 1.7 ×

Table 2. Association of EphA receptors with PgR status of BC
patients.

EphA receptors PR status Cases HR (95% CI) p values

A1
Positive 525 1.41 (0.98–2.03) 0.063
Negative 483 0.73 (0.52–1.02) 0.064

A2
Positive 525 1.26 (0.86–1.85) 0.230
Negative 483 1.48 (1.01–2.18) 0.042*

A3 
Positive 525 1.16 (0.81–1.67) 0.420
Negative 483 1.39 (1–1.93) 0.048*

A4
Positive 489 1.52 (1.02–2.28) 0.040*
Negative 372 1.61 (1.11–2.33) 0.011*

A5
Positive 489 0.81 (0.55–1.2) 0.290
Negative 372 0.72 (0.5–1.05) 0.084

A6
Positive 489 0.79 (0.5–1.25) 0.310
Negative 372 1.36 (0.95–1.95) 0.087

A7
Positive 489 1.93 (1.31–2.84) 0.001*
Negative 372 0.71 (0.48–1.04) 0.081

A8
Positive 489 1.32 (0.88–2) 0.180
Negative 372 1.38 (0.95–2.01) 0.086

A10
Positive 489 0.77 (0.52–1.14) 0.190
Negative 372 1.51 (1.06–2.15) 0.023*

*p< 0.05.

10−5). Next, we tested for a potential prognostic value of
EphA4. Indeed, high mRNA expression of EphA4 predicted
better RFS for all BC patients ((n = 1660), HR 0.72 (0.61–
0.86), p = 3 × 10−4) (Fig. 1D). Furthermore, the potential
prognostic value of EphA5 was examined [9]. High mRNA
expression of EphA5 predicted better RFS for all BC patients
((n = 1660), HR 0.68 (0.57–0.82), p = 4.3 × 10−5) (Fig. 1E).
We then tested the potential prognostic value of EphA6 [9].
High expression of EphA6 mRNA also correlated with better
RFS for all BC patients ((n = 1660), HR 0.8 (0.66–0.98), p =
0.027) (Fig. 1F). Next, we examined the potential prognos-
tic value of the expression of EphA7 in www.kmplot.com [9].
As opposed to the other EphA receptors, EphA7 mRNA high
expression was correlated with worse RFS for all BC patients
((n = 1660), HR 1.19 (1.02–1.4), p = 0.031) (Fig. 1G). In addi-
tion, the potential prognostic value of EphA8 was examined
[9]. High mRNA expression of EphA8 predicted better RFS
for all BC patients ((n = 1660), HR 0.52 (0.44–0.62), p = 2.6
× 10−14) (Fig. 1H). Finally, the potential prognostic value
of EphA10 was determined [9]. High mRNA expression of
EphA10 correlated with better RFS for all BC patients ((n =
1660), HR 0.58 (0.5–0.68), p = 3.6 × 10−11) (Fig. 1I).

3.2 Correlations of EphA receptors with clinicopathological
features of BC patients

To further clarify the correlations, we uncovered between
EphA receptors and clinicopathological features, the rela-
tionship of EphA receptors with ER status (Table 1), PgR sta-
tus (Table 2), HER2 status (Table 3), lymph node status (Ta-
ble 4), pathological grades (Table 5), and molecular subtypes
(Table 6) of the BC patients were examined. Of note, ER sta-
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Table 3. Association of EphA receptors with HER2 status of
BC patients.

EphA receptors HER2 status Cases HR (95% CI) p values

A1
Positive 168 0.59 (0.35–0.99) 0.045*
Negative 756 0.73 (0.55−0.96) 0.026*

A2
Positive 168 1.66 (0.92–2.99) 0.091
Negative 756 1.25 (0.96–1.63) 0.095

A3
Positive 168 3.02 (1.72–5.29) 0.000*
Negative 756 0.85 (0.65–1.13) 0.270

A4
Positive 150 1.53 (0.86–2.69) 0.140
Negative 635 1.22 (0.88–1.68) 0.230

A5
Positive 150 0.71 (0.4–1.25) 0.230
Negative 635 0.56 (0.4–0.8) 0.0013*

A6
Positive 150 0.43 (0.22–0.86) 0.015*
Negative 635 1.28 (0.96–1.73) 0.097

A7
Positive 150 0.38 (0.17–0.84) 0.014*

Negative 635 1.38 (0.99–1.91) 0.054

A8
Positive 150 0.75 (0.44–1.29) 0.300
Negative 635 0.74 (0.54–1.02) 0.062

A10
Positive 150 0.52 (0.25–1.06) 0.068
Negative 635 0.56 (0.41–0.76) 0.000*

*p< 0.05.

tus, PgR status, HER2 status, lymph node status, pathological
grades, and molecular subtypes were not available for all of
the patients.

In total, there were 2473 patients for which both ER status
and EphA1, EphA2, and EphA3 expression data were available,
and 1008 patients for which both ER status and EphA4, EphA5,
EphA6, EphA7, EphA8, and EphA10 expression data were avail-
able. On one hand, in the ER-positive patients, EphA1 (HR =
0.84 (0.7–0.99), p = 0.042), EphA5 (HR = 0.72 (0.52–0.99), p
= 0.044), and EphA10 (HR = 0.66 (0.48–0.93), p = 0.015) high
mRNA expression predicted better RFS. On the other hand,
in ER-negative subgroups, EphA3 (HR = 1.44 (1.1–1.88), p =
0.009) high mRNA expression correlated with worse RFS.

From Table 2, there were 1008 patients with both PgR
status and EphA1, EphA2, and EphA3 expression data avail-
able, and 861 with both PgR status and EphA4, EphA5, EphA6,
EphA7, EphA8, and EphA10 expression data available. Only
high mRNA expression of EphA7 predicted worse RFS in
PgR-positive BC patients (HR = 1.93 (1.31–2.84), p = 0.001).
EphA2 (HR = 1.48 (1.01–2.18), p = 0.042), EphA3 (HR = 1.39
(1–1.93), p = 0.048), EphA4 (HR = 1.61 (1.11–2.33), p = 0.011),
and EphA10 (HR = 1.51 (1.06–2.15), p = 0.023) high mRNA
expression were correlated with worse RFS in PgR-negative
subgroups.

From Table 3, there were 924 patients with both HER2
status and EphA1, EphA2, and EphA3 expression data avail-
able, and 785 with both HER2 status and EphA4, EphA5,
EphA6, EphA7, EphA8, and EphA10 expression data available.
In HER2-positive BC patients, EphA1 (HR = 0.59 (0.35–0.99),
p = 0.045), EphA6 (HR = 0.43 (0.22–0.86), p = 0.015), and
EphA7 (HR = 0.38 (0.17–0.84), p = 0.014) high mRNA ex-

Table 4. Association of EphA receptors with lymph node
status of BC patients.

EphA receptors lymph node Cases HR (95% CI) p values

A1
Positive 945 0.82 (0.65–1.04) 0.100
Negative 1813 0.79 (0.65–0.95) 0.012*

A2
Positive 945 1.64 (1.26–2.12) 0.000*
Negative 1813 0.83 (0.7–0.99) 0.040*

A3
Positive 945 1.17 (0.91–1.51) 0.230
Negative 1813 0.83 (0.69–1) 0.054

A4
Positive 665 1.50 (1.11–2.01) 0.007*
Negative 451 1.59 (0.98–2.59) 0.058

A5
Positive 665 0.58 (0.42–0.79) 0.000*
Negative 451 0.74 (0.48–1.16) 0.190

A6
Positive 665 1.27 (0.97–1.67) 0.087
Negative 451 0.56 (0.33–0.96) 0.032*

A7
Positive 665 0.75 (0.56–1.01) 0.060
Negative 451 1.33 (0.88–2.01) 0.170

A8
Positive 665 0.73 (0.54–0.98) 0.037*
Negative 451 0.64 (0.43–0.96) 0.029*

A10
Positive 665 0.60 (0.45–0.79) 0.000*
Negative 451 1.21 (0.74–1.96) 0.450

*p< 0.05.

pression was detected and correlated with better RFS, but
EphA3 (HR = 3.02 (1.72–5.29), p = 0.000) was associated with
worse RFS. For HER2-negative BC patients, EphA1 (HR =
0.73 (0.55–0.96), p = 0.026), EphA5 (HR = 0.56 (0.4–0.8), p
= 0.0013), and EphA10 (HR = 0.56 (0.41–0.76), p = 0.000)
mRNA expression was found to be correlated with better
RFS.

From Table 4, there were 2758 patients for which both
lymph node status and EphA1, EphA2, and EphA3 expression
data were available, and 1116 patients for which both lymph
node status and EphA4, EphA5, EphA6, EphA7, EphA8, and
EphA10 expression data were available. EphA2 (HR = 1.64
(1.26–2.12), p = 0.000) and EphA4 (HR = 1.50 (1.11–2.01), p =
0.007) high mRNA expression predicted worse RFS in lymph
node-positive BC patients, but EphA5 (HR = 0.58 (0.42–0.79),
p = 0.000), EphA8 (HR = 0.73 (0.54–0.98), p = 0.037), and
EphA10 (HR = 0.60 (0.45–0.79), p = 0.000) high mRNA ex-
pression was correlated to better RFS in lymph node-positive
BC patients. EphA1 (HR = 0.79 (0.65–0.95), p = 0.012), EphA2
(HR = 0.83 (0.7–0.99), p = 0.040), EphA6 (HR = 0.56 (0.3–
0.96), p= 0.032), andEphA8 (HR = 0.64 (0.43–0.96), p= 0.029)
high mRNA expression predicted better RFS in lymph node-
negative BC patients.

From Table 5, there were 1755 patients with both patho-
logical grade and EphA1, EphA2, and EphA3 expression data
available, and 675 with both pathological grade and EphA4,
EphA5, EphA6, EphA7, EphA8, and EphA10 expression data
available. EphA3 (HR = 0.43 (0.24–0.76), p = 0.003) high
mRNA expression was detected to predict better RFS in grade
I BC patients, but EphA4 (HR = 8.13 (1.04–63.55), p = 0.017),
and EphA8 (HR = 3.47 (1.06–11.36), p = 0.029) high mRNA
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Table 5. Association of EphA receptors with pathological
grades of BC patients.

EphA receptors Grades Cases HR (95% CI) p values

A1
I 308 1.70 (0.98–2.82) 0.055
II 724 0.85 (0.65–1.12) 0.250
III 723 0.83 (0.63–1.11) 0.210

A2
I 308 1.61 (0.92–2.85) 0.095
II 724 0.86 (0.65–1.13) 0.270
III 723 1.48 (1.09–2.01) 0.011*

A3
I 308 0.43 (0.24–0.76) 0.003*
II 724 0.68 (0.52–0.89) 0.005*
III 723 1.67 (1.26–2.22) 0.000*

A4
I 97 8.13 (1.04–63.55) 0.017*
II 187 2.02 (1.10–3.70) 0.020*
III 391 0.73 (0.52–1.04) 0.079

A5
I 97 0.39 (0.08–1.81) 0.210
II 187 0.31 (0.17–0.59) 0.000*
III 391 0.57 (0.37–0.87) 0.009*

A6
I 97 0.44 (0.13–1.46) 0.170
II 187 1.49 (0.84–2.64) 0.170
III 391 0.57 (0.38–0.86) 0.006*

A7
I 97 1.69 (0.52–5.55) 0.380
II 187 0.82 (0.42–1.58) 0.550
III 391 0.68 (0.48–0.97) 0.032*

A8
I 97 3.47 (1.06–11.36) 0.029*
II 187 0.50 (0.28–0.89) 0.017*
III 391 0.82 (0.58–1.17) 0.280

A10
I 97 0.50 (0.14–1.7) 0.250
II 187 0.56 (0.30–1.07) 0.075
III 391 0.70 (0.47–1.04) 0.073

*p< 0.05.

expression associated with worse RFS in grade I BC patients.
EphA3 (HR = 0.68 (0.52–0.89), p = 0.005), EphA5 (HR = 0.31
(0.17–0.59), p = 0.000), and EphA8 (HR = 0.50 (0.28–0.89), p
= 0.017) high mRNA expression were discovered to predict
better RFS in grade II BC patients, but EphA4 high mRNA
expression (HR = 2.02 (1.1–3.7), p = 0.020) correlated with
worse RFS in grade II BC patients. With regard to grade III
BC patients, EphA5 (HR = 0.57 (0.37–0.87), p = 0.009), EphA6
(HR = 0.57 (0.38–0.86), p = 0.006), and EphA7 (HR = 0.68
(0.48–0.97), p = 0.032) high mRNA expression predicted bet-
ter RFS, but EphA2 (HR = 1.48 (1.09–2.01), p = 0.011) and
EphA3 (HR = 1.67 (1.26–2.22), p = 0.000) high mRNA expres-
sion seemed to be correlated to worse RFS.

3.3 Correlations of EphA receptors with molecular subtypes of BC
patients

There are four main BC molecular subtypes: luminal-A,
luminal-B, basal-like, and HER2-positive. As seen in Ta-
ble 6, EphA1 high mRNA expression predicted better RFS in
basal-like (HR = 0.57 (0.44–0.74), p = 1.7 × 10−5), luminal-
A (HR = 0.63 (0.53–0.75), p = 3.2 × 10−7), luminal-B (HR =
0.62 (0.51–0.76), p = 3.9 × 10−6), and HER2-positive (HR
= 0.56 (0.37–0.85), p = 0.0059) BC patients. EphA2 high

Table 6. Association of EphA receptors withmolecular
subtypes of BC patients.

Eph receptors Intrinsic subtype Cases HR (95% CI) p values

A1

basal 580 0.57 (0.44–0.74) 1.7 × 10−5*
Luminal A 1764 0.63 (0.53–0.75) 3.2 × 10−7*
Luminal B 1002 0.62 (0.51–0.76) 3.9 × 10−6*

HER2+ 208 0.56 (0.37–0.85) 0.0059*

A2

basal 580 0.87 (0.66–1.14) 0.31
Luminal A 1764 0.59 (0.5–0.71) 4.7 × 10−9*
Luminal B 1002 0.76 (0.61–0.93) 0.0082*

HER2+ 208 0.77 (0.48–1.25) 0.3

A3

basal 580 1.15 (0.89–1.49) 0.3
Luminal A 1764 0.73 (0.60–0.88) 0.00085*
Luminal B 1002 0.86 (0.67–1.08) 0.2

HER2+ 208 0.71 (0.47–1.09) 0.12

A4

basal 339 0.68 (0.48–0.97) 0.031*
Luminal A 783 0.69 (0.53–0.90) 0.0048*
Luminal B 389 0.55 (0.40–0.76) 0.00026*

HER2+ 149 0.67 (0.40–1.12) 0.13

A5

basal 339 0.36 (0.22–0.59) 2.1 × 10−5*
Luminal A 783 0.71 (0.53–0.95) 0.019*
Luminal B 389 0.63 (0.46–0.87) 0.0042*

HER2+ 149 0.72 (0.41–1.28) 0.26

A6

basal 339 0.71 (0.48–1.06) 0.096
Luminal A 783 1.2 (0.92–1.57) 0.17
Luminal B 389 0.64 (0.46–0.89) 0.0079*

HER2+ 149 0.43 (0.23–0.82) 0.0083*

A7

basal 339 0.64 (0.45–0.90) 0.01*
Luminal A 783 1.48 (1.14–1.93) 0.0029*
Luminal B 389 0.77 (0.56–1.05) 0.099

HER2+ 149 1.99 (1.21–3.27) 0.0059*

A8

basal 339 0.53 (0.38–0.75) 0.00025*
Luminal A 783 0.53 (0.41–0.69) 1.3 × 10−6*
Luminal B 389 0.65 (0.46–0.92) 0.014*

HER2+ 149 0.68 (0.42–1.11) 0.12

A10

basal 339 0.64 (0.44–0.95) 0.026*
Luminal A 783 0.54 (0.41–0.70) 2.6 × 10−6*
Luminal B 389 0.54 (0.39–0.74) 8.7 × 10−5*

HER2+ 149 0.84 (0.52–1.35) 0.47

*p< 0.05.

mRNA expression was found to be correlated with better RFS
in luminal-A (HR = 0.59 (0.5–0.71), p = 4.7 × 10−9) and
luminal-B (HR = 0.76 (0.61–0.93), p = 0.0082) BC patients.
EphA3 high mRNA expression was detected to predict bet-
ter RFS in luminal-A (HR = 0.73 (0.6–0.88), p = 0.00085) BC
patients. EphA4 high mRNA expression was detected to pre-
dict better outcome in basal-like (HR = 0.68 (0.48–0.97), p
= 0.031), luminal-A (HR = 0.69 (0.53–0.9), p = 0.0048), and
luminal-B (HR = 0.55 (0.4–0.76), p = 0.00026) BC patients.
EphA5 high mRNA expression was detected to predict bet-
ter outcome in basal-like (HR = 0.36 (0.22–0.59), p = 2.1 ×
10−5), luminal-A (HR = 0.71 (0.53–0.95), p = 0.019), and
luminal-B (HR = 0.63 (0.46–0.87), p = 0.0042) BC patients.
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EphA6 high mRNA expression was detected to predict better
outcome in luminal-B (HR = 0.64 (0.46–0.89), p= 0.0079) and
HER2-positive (HR = 0.43 (0.23–0.82), p = 0.0083) BC pa-
tients. EphA7 high mRNA expression was detected to predict
better outcome in basal-like BC patients (HR = 0.64 (0.45–
0.9), p = 0.01), while it was related to worse RFS in luminal-A
(HR = 1.48 (1.14–1.93), p = 0.0029) and HER2-positive (HR =
1.99 (1.21–3.27), p = 0.0059) BC patients. EphA8 high mRNA
expression predicted better outcome in basal-like (HR = 0.53
(0.38–0.75), p = 0.00025), luminal-A (HR = 0.53 (0.41–0.69),
p = 1.3 × 10−6), and luminal-B (HR = 0.65 (0.46–0.92), p
= 0.014) BC patients. EphA10 high mRNA expression pre-
dicted better outcome in basal-like (HR = 0.64 (0.44–0.95), p
= 0.026), luminal-A (HR = 0.54 (0.41–0.7), p = 2.6 × 10−6),
and luminal-B (HR = 0.54 (0.39–0.74), p = 8.7 × 10−5) BC
patients.

4. Discussion
EphA receptors are important for mammary epithelial

morphogenesis [13]. The abundance of these proteins is
changed in BC cells. Involvement of the EphA receptors in
modulating cell-cell adhesion, cell motility, blood clotting,
cell differentiation, inflammation process, tumor growth, in-
vasion and metastasis, and neovascularization has also been
demonstrated, although the knowledge of their functions is
far from complete [14–16]. EphA receptors are widely ex-
pressed in BC cell lines, but they are poorly tyrosine phos-
phorylated, which indicates a low level of ligand-dependent
activation or low Eph order clustering [14, 17, 18], with un-
derlying mechanisms elusive. Some empirical evidence has
suggested that crosstalk between ephrin-independent activa-
tion and other tumorigenic signaling pathways occurs in BC
cells [17, 18]. In the present study, we investigated the clin-
ical and prognostic relevance of mRNA expression of EphA
receptors in BC.

EphA2 is one of the most extensively studied EphA RTK
family members in BC [19]. Overexpression of EphA2 can
transform a human mammary epithelial cell line to a can-
cer phenotype. EphA2 knockdown has been shown to in-
hibit the tumorigenicity of BC cell lines [20, 21]. EphA2 in-
duced estrogen-independent tamoxifen resistance in luminal
BC cell lines [22, 23]. In addition, EphA2 conferred resis-
tance to trastuzumab in HER2-overexpressing BC cells and
xenograft tumors [20, 24]. Increased EphA2 mRNA expres-
sion levels correlated with poor prognosis in two indepen-
dent BC microarray datasets [25, 26]. However, in contrast
to its tumor promotion effects in human BC cells, high levels
of ephrin-dependent EphA2 signaling suppressed breast tu-
morigenesis [27]. On the other hand, RAF-activating muta-
tions upregulated the levels of EphA2, which may contribute
to cell-cycle arrest through the inhibition of AKT. In cells
without activated RAF, EphA2 also inhibited the mitogen-
activated protein kinase (MAPK) pathway [28, 29]. In our
study, we found that high mRNA expression of EphA2 cor-
related with better RFS in total BC patients, whereas it was

correlated with worse RFS in PgR-negative, lymph-node–
positive, and grade III subgroups which were much more ag-
gressive tumor types. The underlying mechanisms need to
be further researched in the near future. It was revealed that
EphA2 could mediate ligand-dependent inhibition and ligand-
independent promotion in cancer cell migration and invasion
via a reciprocal regulatory loop with other pathway key nodes
like AKT [30].

The Eph receptors generate bidirectional signals where
cell-cell contact, by binding glycosylphosphatidylinositol
(GPI)-linked and transmembrane ephrin ligands [31]. In
many cellular environments, Eph bidirectional signaling con-
tributes to the epithelial phenotype and suppresses adhesion,
migration, invasion, and growth in cancer cells [31]. As con-
firmed in our study, we found that high mRNA expression
of EphA1 and EphA6 predicted better outcome in all BC pa-
tients. On the other hand, epigenetic repression of EphA5 was
associated with lymph node metastasis, higher tumor grade,
and PgR-negative status, indicating insensitivity to hormonal
therapy or chemotherapy [32, 33]. It was found through our
analysis that EphA5 mRNA expression levels could predict
better RFS for all BC patients.

EphA7 is another widely studied Eph family member.
A negative link between clinical outcome and EphA7 high
mRNA expression has been observed [34]. These observa-
tions are consistent with vitro data for EphA7 in BC cell lines
[35]. In this study, high expression of EphA7 mRNA was de-
tected to predict worse outcome in all BC patients. However,
in the subgroup analysis, EphA7 was related to better outcome
in HER2-positive and grade III patients, which is interesting
and warrants further research.

The activities of the Eph system with paradoxical effects in
cancer are complex, and which was reflected in the present
study. We discovered that high expression of EphA3 and
EphA4 mRNA was correlated with better outcomes for to-
tal BC patients, but correlated with worse RFS in aggressive
subgroups, defined as patients with higher grade, lymph node
positive or PgR-negative. One study identified a subgroup of
lymph node-positive BC patients where high expression of
EphA4 or EphA2 were correlated with poor clinical outcome
[36]. Another study, however, showed that EphA4 expression
reduction was correlated to high grade, lymph node metasta-
sis, and poor prognosis in BC [37]. High expression of EphA8
and EphA10 mRNA were correlated to better outcome in to-
tal BC patients, but correlated to worse RFS in specific BC
subgroups.

EphA receptors can switch from tumor promoting to tu-
mor inhibiting functions during the carcinogenesis [18]. It
is becoming increasingly clear that EphA receptors can act
through multiple mechanisms and intersect multiple signal-
ing networks to achieve different tumoral effects [38, 39].
These discreet signaling effects seem to be determined by
organs, the oncogenic environment, and ligand conditions.
Furthermore, membrane-tethered ephrin ligands bind their
receptors resulting in the stimulation of downstream “re-
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verse” signaling pathways and increases to the complexity of
the EphA receptors [40]. For example, in our study, high
mRNA expression of EphA2 was determined to correlate with
worse RFS in lymph-node-positive patients, but better RFS
in lymph-node-negative patients. Additionally, EphA7 high
mRNA expression was determined to be associated with bet-
ter RFS for HER2-positive BC patients, but worse RFS in
PgR-positive BC patients, revealing multifaceted, context-
dependent roles in BC. These divergent activities and the fac-
tors underlying them are only beginning to be understood.
A genome–wide correlation research involving 2000 BC tu-
mors with matched normal controls demonstrated genomic
alterations in EphA3 and EphA7, suggesting these EphA recep-
tors likely serve as “driver RTKs” when somatically mutated
[41].

Our study was limited for the following reasons. Firstly,
some of the patients in the database lacked clinocopatho-
logical information, which may lead to statistical bias. Sec-
ondly, univariate analysis correlating clinicopathological fea-
tures with prognoses was undertaken, but a multivariate
analysis could not be calculated in this database. Neverthe-
less, our analyses suggest EphA receptors are clinically rele-
vant in BC, and warrant further studies regarding their po-
tential prognostic value in BC, and the potential benefit of
targeting them therapeutically.

Despite numerous studies evaluating Eph function and
their divergent roles in BC tumorigenesis, much is left to be
learned. Anti-tumor strategies for Eph-driven cancers in-
clude: (a) interfering with the Eph function directly; (b) ex-
clusive delivery of drugs to tumors through Eph-targeting
agents; and (c) stimulating anti-tumor immune responses by
Eph-derived antigenic peptides [42]. These approaches could
reveal complimentary mechanisms of action, to achieve mul-
tiple effects on cancer cells and their microenvironment. For
example, EphA2 agonists could enhance tumor suppressor
signaling pathways, but increase tumor angiogenesis [3]. On
the other hand, some Eph inhibitors not only inhibit tumor
angiogenesis, but also attenuate tumor suppressor activities,
which results in bidirectional signaling by either expressing
receptors (forward signaling) or expressing ligands (reverse
signaling) [43–45]. Previous studies have shown that varying
levels of Eph receptors result in distinct effects on tumorige-
nesis depending on cellular environment. Although ligand-
independent signaling seems to play a crucial role in breast
carcinogenesis, a more complete analyses of Eph receptors
and relevant ephrin-ligands profiling efforts should be made
to elucidate potential distinctions in prognosis with relevance
of the presence or absence of ligands. According to the para-
doxical effects of Eph receptors, we propose that they are very
likely to act by a “permissive action” in BC, similarly to how
catecholamine greatly constricts the blood vessels under the
presence of glucocorticoids. This means that BC may develop
depending on the ligand-independent/dependent mode of
action of Eph receptors, which needs to be further validated
in subsequent studies. Newly developed individual Eph re-

ceptor inhibitors or ephrin targeting agents, will in turn serve
as important and helpful tools to deepen our knowledge of
Eph receptor cancer biology.

5. Conclusions
Comprehensively profiling EphA receptor mRNA expres-

sion may provide useful information in terms of diagnostics
and development of Eph-targeting molecules.
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