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The role of EphB4 and IGF-IR  
expression in breast cancer cells
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Abstract: Objective: to investigate the role of EphB4 and IGF-1R in the proliferation and migration of breast can-
cer. Methods: The relative mRNA levels of EphB4 were measured by RT-PCR. The proliferation of the cells was 
determined by MTT assay, and cells migration and invasive ability was analyzed using the scratch migration assay. 
Results: The expression of EphB4 in control group was significantly decreased when compared with IGF-I group (P 
< 0.001). The expression of EphB4 in IGF-I+LY and LY group were lower than that of the control group (P < 0.001).
The cell proliferation and migration ability of the cells in IGF-I group increased significantly compared to the cells in 
the control group (P < 0.001), while the cells in IGF-1+LY group and LY group showed a decreased proliferation and 
migration ability compared to the control group (P < 0.001). Conclusion: IGF-IR might be a upstream gene of EphB4. 
Besides, higher expression of EphB4 shows increased tumor proliferation and migration in breast cells. The study 
of EphB4 upstream gene and signaling pathway can provide more targeted anti-tumor point selection for targeted 
therapy.
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Introduction

Breast cancer is one of the most malignant 
tumors in female, its occurrence and develop-
ment is a complex and multistage process. The 
exact molecular mechanism of malignant epi-
thelial breast cancer is unclear; as molecular 
targeted therapy was applied in clinical, more 
attention had been paid to genetic and molecu-
lar mechanism study of breast cancer.

The erythropoietin-producing hepatoma (Eph) 
receptors represent the largest class of recep-
tor tyrosine kinases (RTKs). Recent studies 
have shown that Eph signaling plays an impor-
tant role in the growth, differentiation, aggrega-
tion, migration, and apoptosis of cancer cells 
[1-5]. The expression of Eph receptors is 
increased in many kinds of cancers, including 
prostate, colon, breast, and ovarian cancers 
[6-9]. EphB4, a member of the Eph receptor 
family, has been reported to be frequently 
amplified in some cancers [10-12], and has 
been shown to overexpress in a wide range  

of tumor cells and tissues, including cancers 
found in the ovary [6, 13], bladder [14], prostate 
[14, 15], breast [16], and colon [12, 17]. Insulin-
like growth factor I receptor (IGF-IR) also has 
high expression levels in a variety of human 
tumor cells. In pathological state, when com-
bined with insulin-like growth factor (IGF), IGF-
IR can induce cells to the malignant phenotype 
transformation, promote proliferation of tumor 
cells, and inhibit tumor cell apoptosis [18].

In this study, we evaluated the effect of EphB4 
on breast cancer cells, the relation between 
IGF-IR mediated signaling pathway and EphB4.

Materials and methods

Patients and tissue specimens 

In the study, we selected 208 patients who had 
histologically been confirmed as breast cancer 
and had undergone radical surgeries at the first 
Hospital of China Medical University between 
December 1997 and October 2003. All patients 
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underwent standardized comprehensive treat-
ment. The median follow-up time was 69 
months. The inclusion criteria were (a) curative 
surgeries, (b) pathological examination of 
resected specimens, (c) pathological examina-
tion of more than 15 lymph nodes after surgery, 
and (d) availability of complete medical records. 
All the participants provided their written 
informed consent to participate in this study, 
and the ethics committee of China Medical 
University approved the consent procedure and 
this study’s protocol.

Tissue microarray construction

We fixed thin slices of breast cancer tissue and 
normal breast epithelial tissue of all patients in 
a 4% formaldehyde solution (pH 7.0) for periods 
not exceeding 24 h. The tissues were pro-
cessed routinely for paraffin embedding, and 
4-μm thick sections were cut and placed on 
glass slides. Tissue samples were stained with 
hematoxylin and eosin to define diagnostic 
areas, and a representative 1-mm core was 
obtained from each case and inserted in a grid 
pattern into a recipient paraffin block. According 
to this procedure, four tissue microarray blocks 
were constructed.

Cell lines and cell culture

MCF-7 cells were obtained from the American 
Type Culture Collection (Rockville, MD, USA), 
LY294002 was from Abcam, IGF-I was from 
Abcam. The cells were cultured in RPMI 1640 
Medium (GIBCO, Carlsbad, USA) supplemented 
with 10% fetal bovine serum (GIBCO, Carlsbad, 
USA), and they were incubated at 37°C with 5% 
CO2. After the cells reach 80-90% confluence, 
they are passaged with the use of 0.25% tryp-
sin. Starvation medium contains all of the 
above ingredients except 0.1% bovine serum 
albumin instead of fetal bovine serum.

Cell stimulation and inhibition

Cells were cultured in RPMI 1640 medium with 
10% fetal bovine serum until 80-90% confluent 
and then washed twice with phosphate-buff-
ered saline (Biofluids, Rockville, MD). For stimu-
lation experiments, medium was changed to 
serum-free medium (SFM) for 24 h. Cells were 
treated with IGF-I and LY294002 as described 
below, in growth assay. Medium was replaced 
with SFM plus indicated growth factors for 10 

min at the following concentrations, unless 
noted otherwise: 10 ng/ml IGF-I, 50 µM LY- 
294002. 

Cell proliferation assay

Cells were plated in 96-well plates with 1000 
cells/well in serum-containing medium. Cells 
were switched to serum-free media (SFM) for 
24 h and then treated separately with 10 ng/ml 
IGF-I for 10 min, 50 µM LY294002 for 10 min, 
50 µM LY294002 for 10 min before treated 
with IGF-I for 10 min. All treatments were done 
in triplicates. Growth was measured 3 days 
after treatment. Growth was assayed by the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay. After incubation 
for 4 h at 37°C, wells were aspirated and forma-
zan crystals were lysed with 500 µl of solubili-
zation solution (95% DMSO +5% IMEM). Then, 
absorbance at 450 nm was measured using a 
microplate reader, wherein the absorbance 
value indicated the proliferative capacity.

Scratch-wound assay

Cells were plated onto 6-well plates at a con-
centration of 2 × 105 cells/well. Cell monolay-
ers were carefully wounded by scratching with a 
sterile plastic pipette tip. The cells were washed 
twice with PBS and incubated for a further 48 
h. Photographs for each wound was captured in 
the same fields at different times up to 48 h. 
The distance between the wound edges was 
analyzed using Image J version 1.42 (National 
Institutes of Health, Bethesda, MD). The per-
centage of wound occupied was calculated by 
dividing the non-recovered area at 24 h by the 
initial wound area at 0 h and subtracting this 
value as a percentage from 100%.

RNA extraction and reverse-transcription PCR

Gene amplification was analyzed by Reverse-
Transcription polymerase chain reaction (PCR). 
RNA was extracted from MCF-7 cells using 
RNAiso Plus (Takara), and reverse transcribed 
to cDNA using the cDNA Archive Kit (Applied 
Biosystems) according to the manufacturer’s 
instructions. Reverse-Transcription PCR was 
performed on MyCycle PCR system (BIO-RAD, 
US) using Takara RNA PCR Kit (AMV) Ver. 3.0 
according to the manufacturer’s instructions 
with thermal profile of 95°C for 10 minutes fol-
lowed by 40 cycles of 95°C for 30 seconds, 
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60°C for 1 minute, and then 72°C for 1 minute. 
The primers were EphB4-forward, 5’-AATGT- 
CACCACTGACCGAGAG-3’; EphB4-reverse, 5’- 
CCGATGAGATACTGTCCGTGT-3; β-actin-forward, 
5’-TGACCCAGATCATGTTTGAGA-3’; β-actin-rever- 
se, 5’-ACTCCATGCCCAGGAAGGA-3’. PCR reac-
tion products were electrophoresed on 1.0% 
agarose gels and stained with ethidium bro-
mide. Densitometric quantification of band 
intensity was analyzed by Bio Spectrum Imaging 
System Chemi 410 (UVP, US).

Statistical analysis 

All experiments were repeated at least three 
times. Statistical analysis was performed using 
the SPSS statistics 19.0 software package. The 
Student’s t-test was used to evaluate the differ-
ences between groups. P values less than 0.05 
were considered significant.

Results

EphB4 expression in breast cancer and its 
relationship with clinicopathological character-
istics 

To score EphB4 as immuno-positive staining, 
the positive cells appeared as a brown color  
in the cytoplasm and membrane. Immuno- 
histochemical examination showed that EphB4 
was located in the cytoplasm and membrane of 
the breast cancers (Figure 1). In total, 66.9% 
(115/172) of the breast cancer cases showed 
high EphB4 expression. 

EphB4 expression status was not balanced 
among TNM stage, lymph node metastasis, ER 
status, and PR status (P = 0.001, 0.004, 0.007, 
and 0.041 respectively) (Table 1). Spearman 
correlation regression analysis showed that 
EphB4 expression has a linear correlation to 
TNM stage, lymph node metastasis, ER status, 
and PR status (P < 0.01, respectively).

Regulation of EphB4 expression in breast can-
cer cells by IGF-I and LY294002 

We first examined EphB4 expression in MCF-7 
cells by IGF-I and LY294002 (LY). Cells were 
cultured in RPMI 1640 medium with 10% fetal 
bovine serum until 80-90% confluent, The con-
trol group was changed to serum-free medium 
(SFM) for 24 h. IGF-I and LY group cells were 
treated with 10 ng/ml IGF-I, 50 µM LY294002 
for 10 min after SFM. The expression of EphB4 
was shown in Figure 1. The expression of 
EphB4 in control group was significantly 
decreased when compared with IGF-I group (P 
< 0.001). The expression of EphB4 in IGF-I+LY 
and LY group were lower than that of the control 
group (P < 0.001).

Effects of cell proliferation in response to IGF-I 
and LY294002

After give IGF-I or LY, growth was measured 24 
h, 48 h and 72 h respectively. All treatments 
were done in triplicates. Growth was assayed 
by the (MTT) assay. The MTT assay showed 
that, compared to the cells in the control group, 
cells in IGF-I group increased significantly, (P < 
0.001), while cells in IGF-I+LY group and LY 
group show decreased proliferation when com-
pared to the cells in the control group, espe-
cially in LY group, P < 0.001 (Figure 2).

Table 1. Correlations between EphB4 expression 
and clinicopathological features (n = 172)

Variables N FSIP1+ FSIP1– P 
value

Age 0.868
    ≤ 50 Y 105 71 34
    > 50 Y 67 44 23
Tumor size 0.070
    T1 70 41 29
    T2, T3 102 74 28
Family history of cancer 0.652
    Yes 26 16 10
    No 146 99 47
Metastatic nodes 0.001
    Positive 86 68 18
    Negative 86 47 39
ER status 0.007
    Positive 65 49 16
    Negative 107 66 41
PR status 0.041
    Positive 70 52 18
    Negative 102 63 39
Her-2 status 0.361
    Negative-+ 111 70 41
    ++ 38 28 10
    +++, ++++ 23 17 6
TNM stage 0.004
    II 50 25 25
    III, IV 122 90 32
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Effect of cell migration and invasion in re-
sponse to IGF-I and LY294002

The scratch-wound assay showed that after 24 
h, compared to the cells in the control group, 
cells in IGF-I group increased significantly, indi-
cating that IGF-I stimulate the migration of 
breast cancer cells. While IGF-I+LY group and 
LY group show decreased migration when com-
pared to the cells in the control group, indicat-
ing that LY inhibited the migration of breast 
cancer cells (Figure 3).

Discussion

EphB4 is normally expressed on endothelial 
cells of venous and arterial lineage, and the 
interaction between these cells is critical for 
new vessel formation, fusion between vessel 
compartments, and blood flow [19-21]. Besides 
EphB4 shows oncogenic activities in several 
tumors, including prostate, breast, endometri-
al, head and neck, bladder, and ovarian can-
cers, as well as mesothelioma [22-25]. It has 

become clear that IGF-1R has high expression 
levels in a variety of human tumor cells, when 
combined with IGF-I, IGF-IR can stimulate both 
normal and malignant breast cell proliferation 
[18]. In this study, we evaluate the role of EphB4 
in breast cancer cells and whether IGF-IR is the 
upstream gene of EphB4. 

Xia and colleagues [14] demonstrated that 
EGF/EGFR and IGF-I/IGF-IR can induce high 
expression of EphB4 in prostate cancer cells. 
Many studies have found that when combined 
with IGF-I, IGF-IR can induce product down-
stream insulin receptor substrate I (IRS-1) tyro-
sine phosphorylation, then respectively acti-
vate two signaling ways: the Ras-MAPK path-
ways and PI3K-Akt/PKB pathway [8], while 
other study showed [26], PI3K-Akt/PKB path-
way play a main role when induced by IGF-I in 
the breast cancer cells. We showed IGF-I/IGF-
IR can induce high expression of EphB4 in 
MCF-7 cells, RT-PCR showed IGF-1 group had 
higher expression of EphB4 than other three 
groups, with statistical significance. LY294002 

Figure 1. Immunohistochemical examination showed that EphB4 was located in the cytoplasm and membrane of 
the breast cancers.

Figure 2. Serum-starved cells were given IGF-I (10 ng/ml) with or without preincubation with 50 mM LY294002 (LY) 
for 10 min. The proliferation capacity was measured by absorbance value using a microplate reader. A. Cells were 
harvested 24 h after stimulation or inhibition. B. Cells were harvested 48 h after stimulation or inhibition. C. Cells 
were harvested 72 h after stimulation or inhibition. Results are expressed as the means ± SD; ***P < 0.001, **P 
< 0.01. The representative results from three independent experiments are shown.
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(LY) is PI3K inhibitor, in IGF-I+LY group and LY 
group ,the expression of EphB4 were signifi-
cantly less than the control group and IGF-I 
group, with statistical significance, indicating 
that IGF-I/IGF-IR can induce high expression of 
EphB4 through PI3K-Akt/PKB signaling path-
way. Besides, higher expression of EphB4 
shows increased tumor proliferation and migra-
tion in MTT assay and scratch-wound assay, 
and IGF-1 group shows significantly increased 
tumor proliferation and migration. 

These findings are also supported by studies 
that have shown EphB4 as a survival factor in 
tumor cells by interfering with apoptotic path-
ways and by promoting tumor cell migration 
and invasion [14, 16]. For example, Xia and col-
leagues [14] demonstrated a decrease in tumor 
cell proliferation and increase in apoptosis fol-
lowing EphB4 knockdown in a murine bladder 
cancer model. Downregulation of EphB4 ex- 
pression in breast cancer cell lines led to 
decreased cell viability and activation of cas-
pase-8-mediated apoptosis [23]. Furthermore, 
the EphB4 receptor is correlated to the initia-
tion, progression, and angiogenesis of the 
tumor [27, 28].

The results of our study imply that IGF-IR might 
be the upstream gene of EphB4, when com-
bined with IGF-I can induce higher expression 
of EphB4 through PI3K-Akt/ PKB signaling 
pathway. In recent year, genetic and molecular 
mechanism study of breast cancer has mostly 
focused on EphB4 and its downstream signal-
ing pathway, targeting EphB4 is a potentially 
effective therapy for cancer, while few reports 
about upstream genes or signaling pathway. 
Studying of EphB4 upstream target genes and 
signaling pathways means more targeted anti-
tumor point selection for targeted therapy, 
therefore, intervention of EphB4 upstream tar-
get genes and signaling pathways can restrain 
the progress of breast cancer, which is expect-
ed to become the new target goals. Our under-
standing of the complex roles of IGF-IR, EphB4 
and signaling pathway in cancer is still evolving, 
and more information is needed to resolve the 

many confusing and controversial issues. 
Future research will determine whether EphB4-
based therapeutic strategies can be effective 
for the treatment of cancers that overexpress 
EphB4 and in which types of cancer, different 
therapeutic approaches may be most appro- 
priate. 
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