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Abstract: This study is to analyze the expression of epidermal growth factor receptor (EGFR) and vascular endothe-
lial growth factor (VEGF) in Han and Uygur patients with triple-negative breast cancer (TNBC). Totally 187 female
TNBC patients, 134 Han and 53 Uygur, were included. Expression of EGFR and VEGF was detected with immuno-
histochemistry. Association between EGFR/VEGF expression, lymph node metastasis, and TNM staging were as-
sessed. Immunohistochemistry showed that, the positive expression rates of EGFR and VEGF in Han TNBC patients
were significantly lower than Uygur TNBC patients. Association analysis showed that, the EGFR/VEGF expression
was positively associated with lymph node metastasis in the Han and Uygur TNBC patients. Highest expression
levels of EGFR and VEGF were noted in the sub-groups with > 4 metastatic lymph nodes. Moreover, the expression
levels of EGFR and VEGF were positively associated with the TNM staging in the Han and Uygur TNBC patients. In
the follow-up period, our results indicated no differences in the 5-year disease-free survival rate between the Han
and Uygur TNBC patients. Recurrence and metastasis were noted in 24.6% (33/134) of the Han TNBC patients and
in 32.1% (17/53) of the Uygur TNBC patients, without statistically significant differences. Expression levels of EGFR
and VEGF in the Han TNBC patients were significantly lower than the Uygur TNBC patients, without significantly dif-
ferent 5-year disease-free survival rates. EGFR and VEGF could be considered as independent prognostic factors for
TNBC, which might contribute to the disease diagnosis and treatment in clinic concerning different ethnics.
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Introduction

Triple-negative breast cancer (TNBC) refers to
breast cancer lacking the expression of estro-
gen receptor (ER), progesterone receptor (PR),
and human epidermal growth factor receptor 2
(HER-2). TNBC accounts for about 15% of all
the breast cancer cases, especially with high
incidences in young African American females
[4, 2]. It has been found that, TNBC shares the
same genotypes with the majority of basal cell
breast cancers [1]. Compared with non-TNBC,
TNBC is associated with increased invasion
ability, higher risk of recurrence and metasta-
sis, decreased survival rate, and poorer prog-
nosis. Moreover, young and elderly TNBC pati-
ents have comparable survival rates in clinic [2,
3].

Epidermal growth factor receptor (EGFR) is the
expression product of oncogene C-erbB1, whi-
chisinvolved in a series of cellular signal trans-

duction pathways. EGFR is expressed in epithe-
lial, mesenchymal, and neural tissues, and
EGFR signaling pathway plays important roles
in various physiological processes, including
cell growth, proliferation, and differentiation
[4]. On the other hand, vascular endothelial
growth factor (VEGF) is an important angiogen-
esis regulatory factor during mitosis in endothe-
lial cells. VEGF overexpression could induce the
division, proliferation, and migration of vascular
endothelial cells. Moreover, VEGR has also
been shown to be closely related to tumor
growth process, which would promote neovas-
cularization and tumor angiogenesis [5]. EGFR
and VEGF are both important gene regulators
during the pathogenesis of malignant tumors
(including TNBC), interacting with signaling
pathways involved in tumor angiogenesis [6].

China is a vast multi-ethnic country, and Chi-
nese people share substantially similar genetic
background, accompanied with individual local
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characteristics. In recent years, the differences
inthe TNBC incidence and prognosis, as well as
expression of related genes, between different
ethnics, have attracted more and more atten-
tion. In this study, the expression levels of EGFR
and VEGR in Han and Uygur female patients
with TNBC in Xinjiang, China, were analyzed
and compared. Moreover, the relationship be-
tween the EGFR/VEGR expression, lymph node
metastasis, and TNM staging was also investi-
gated and discussed.

Materials and methods
Study subjects

Totally 187 TNBC patients (134 Han and 53
Uygur) were included in this study, who were
admitted to our hospital from January 2008 to
January 2010. Inclusion criteria were as fol-
lows: (1) Han or Uygur female breast cancer
patients who received the first treatment in our
hospital; (2) patients with complete clinical and
pathological data; (3) patients negative for ER,
PR and HER-2 expression (confirmation of
TNBC). Prior written and informed consent were
obtained from every patient and the study was
approved by the ethics review board of Xinjiang
Medical University.

Immunohistochemistry

Expression levels of EGFR and VEGF were
detected with the PV-9000 immunohistochemi-
cal method (ZSGB-BIO, Beijing, China), accord-
ing to the manufacturer’s instructions. After
washing with PBS, the tissue section was treat-
ed with 3% H,0O, at room temperature for 5-10
min. Then the section was incubated with
mouse anti-human EGFR antibody (1:100 dilu-
tion; ZSGB-BIO), or mouse anti-human VEGF
antibody (1:100 dilution; ZSGB-BIO), at 37°C
for 1.5 h. After washing with PBS, the section
was treated with poly pelper reagent 1 at room
temperature for 20 min, followed by the incuba-
tion with polyer peroxidase-anti-mouse IgG at
room temperature for 20 min. After coloration
with DAB reagent for 5 min, the section was
washed, dehydrated, sealed, and then obser-
ved. Known cancer tissues and tissues sam-
ples treated with PBS were used as positive
and negative controls, respectively.

The result interpretation for EGFR was as fol-
lows: O, negative expression (no staining or
non-specific staining); 1, low positiveness (>
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10% of the vision field exhibiting brown or tan
staining, with no continuous membrane stain-
ing); 2, moderate positiveness (> 10% of the
vision field exhibiting brown or tan staining,
with continuous membrane staining, without
complete morphology); and 3, strong positive-
ness (> 10% of the vision field exhibiting brown
or tan staining, with continuous membrane
staining and complete morphology). On the
other hand, for VEGF: O, negative experssion
(brown staining in cytoplasm accounting for <
25%); 1, low positiveness (brown staining in
cytoplasm accounting for 25%-50%); 2, moder-
ate positiveness (brown staining in cytoplasm
accounting for 50%-75%); and 3, strong posi-
tiveness (brown staining in cytoplasm account-
ing for > 75%). Considering the scores for EGFR
and VEGF staining, the total score < 2 was
regarded as negative expression (-), and total
score > 3 was regarded as positive expression

().
Follow-up observation

Follow-up investigation included admission re-
view and telephone follow-up interviews, which
started immediately after the first chemothera-
py following surgery. Recurrence and metasta-
sis were considered as the termination events.
The follow-up period lasted for 5y, which ended
on January 30, 2015. The prognosis indicators
included the recurrence proportion, 5-year dis-
ease-free survival rate, and expression of EGFR
and VEGF, as well as its relationship with lymph
node metastasis and TNM staging.

Statistical analysis

SPSS 18.0 software was used for statistical
analysis. The x2 test was performed for group
comparison. Spearman rank correlation analy-
sis was used to analyze the association be-
tween the EGFR/VEGF expression, lymph node
metastasis, and TNM staging. P < 0.05 was
considered as statistically significant.

Results

Expression of EGFR and VEGF in Han and
Uygur TNBC patients

To investigate the expression of EGFR and VEGF
in Han and Uygur TNBC patients, PV9000
immunohistochemistry was performed. Our
results showed that, positive staining of EGFR
and VEGF was mainly observed in cell cyto-
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Figure 1. Expression of EGFR and VEGF in Han and Uygur TNBC patients. The expression of EGFR (A) and VEGF (C) in
Han and Uygur TNBC patients were detected with PV9000 immunohistochemistry (x200). Corresponding negative
controls were shown in (B) and (D), respectively.

plasm and on cellular membrane (Figure 1). As
shown in Table 1, for EGFR, the positive expres-
sion rate in Han TNBC patients was 40.3%
(54/134), which was significantly lower than
the positive expression rate 56.6% (30/53) in
Uygur TNBC patients (P < 0.05). On the other
hand, similar results were observed for the
expression of VEGF. The positive expression
rate of VEGF in Han TNBC patients was 48.8%
(65/134), which was significantly lower than
the positive expression rate of 66.0% (35/53)
in Uygur TNBC patients (P < 0.05). These results
suggest that, the positive expression rates of
VEGF and EGFR in the Han TNBC patients are
significantly lower than the Uygur patients.
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Association between EGFR/VEGF expression
and lymph node metastasis in Han and Uygur
TNBC patients

Association between the EGFR/VEGF expres-
sion and lymph node metastasis in these Han
and Uygur TNBC patients was next analyzed.
According to the lymph node metastasis condi-
tions, both the Han and Uygur TNBC groups
were divided into three sub-groups (with 0, 1-3,
and > 4 metastatic lymph nodes, respectively).
Our results showed that, in both Han and Uygur
groups, the expression levels of EGFR and
VEGF were increased along with increasing
metastatic lymph nodes (Table 2). Highest
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Table 1. Expression of EGFR and VEGF in Han and Uygur TNBC patients

EGFR VEGF
Positive (+) Negative (-) Positive (+) Negative (-)
Han, % (n) 40.3% (54/134) 59.7% (80/134) 48.5% (65/134) 51.5% (69/134)
Uygur, % (n) 56.6% (30/53) 43.4% (23/53) 66.0% (35/53) 34.0% (18/53)

Table 2. Association between EGFR/VEGF expression and lymph node metastasis in Han and Uygur
TNBC patients

Metastatic lymph notes EGFR positive rate, % (n) X2 r VEGF positive rate, % (n) X2 r
Han 0 20.0% (10/50) 23.01 0.404 32.0% (16/50) 17.80 0.345
1-3 39.2% (20/51) 45.1% (23/51)
>4 72.7% (24/33) 78.8% (26/33)
Uygur 0 36.8% (7/19) 6.99 0.368 47.4% (9/19) 6.24 0.343
1-3 55.6% (10/18) 66.7% (12/18)
>4 81.3% (13/16) 87.5% (14/16)

Table 3. Association between EGFR/VEGF expression and TNM staging in Han and Uygur TNBC pa-
tients

TNM staging EGFR positive rate, % (n) X2 r VEGF positive rate, % (n) Na r
Han | 18.6% (8/43) 24.01 0.411 23.3% (11/43) 23.33 0.417
Il 36.4% (20/55) 49.1% (27/55)
11} 72.2% (26/36) 77.8% (28/36)
Uysur [ 25.0% (3/12) 8.779 0.404 14.5% (4/12) 8.566 0.384

54.5% (12/22)
78.9% (15/19)

68.2% (15/22)
84.2% (16/19)

expression rates of EGFR and VEGF were noted
in the sub-groups with > 4 metastatic lymph
nodes. The EGFR expression rate in the Han
TNBC patients with > 4 metastatic lymph nodes
was 72.7%, while the EGFR positive rate was
81.3% in corresponding Uygur patients. On the
other hand, the EGFR expression rates in the
Han and Uygur TNBC patients with > 4 meta-
static lymph nodes were 78.8% and 87.5%,
respectively. According to the association anal-
ysis, the expression of EGFR and VEGF was
positively associated with the metastatic lymph
node numbers in both the Han and Uygur TNBC
groups (0 <r<1; P<0.05).

Association between EGFR/VEGF expression
and TNM staging in Han and Uygur TNBC pa-
tients

Association between the EGFR/VEGF expres-
sion and TNM staging in the Han and Uygur
TNBC patients was then analyzed. According to
the TNM staging, these TNBC patients were
divided into Stages I, Il, and lll. Our results
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showed that, differences in the expression of
EGFR and VEGF were observed between differ-
ent TNM stages in both Han and Uygur TNBC
patients (P < 0.05) (Table 3). For both Han and
Uygur groups, the expression rates of EGFR and
VEGF for patients at Stage | were significantly
lower than the expression rates for patients at
Stages Il and lll. Moreover, the association
analysis showed that, the expression of EGFR
and VEGF was positively associated with the
TNM staging in both the Han and Uygur TNBC
patients (0 <r< 1; P<0.05).

Analysis of recurrence and metastasis in Han
and Uygur TNBC patients

Recurrence and metastasis conditions in Han
and Uygur TNBC patients were investigated dur-
ing the 5-year follow-up period. Our results
showed that, recurrence and metastasis were
noted in 24.6% (33/134) of the Han TNBC
patients, while 32.1% (17/53) of the Uygur
TNBC patients were associated with recurrence
and metastasis (P > 0.05) (Table 4). No signifi-
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Table 4. Recurrence and metastasis in Han and Uygur TNBC patients

Han, % (n) Uygur, % (n) OR Cl, 95% P

Local recurrence 10.44% (14) 15.09% (8) 0.692 0.308-1.553 0.450
Distant metastasis 20.89% (28) 24.52% (13) 0.852 0.479-1.500 0.695
Local distant metastasis

Bone 10.44% (14) 16.98% (9) 0.615 0.284-1.335 0.225

Lung 14.92% (20) 16.98% (9) 0.879 0.428-1.805 0.823

Other sites 8.21% (11) 5.66% (3) 0.544 0.232-1.277 0.182

Total 24.6% (33) 32.1(17) 0.768 0.470-1.255 0.360

cant differences were observed in the local
recurrence, distant metastasis, and metastatic
sites between the Han and Uygur TNBC patients
(P > 0.05). Moreover, no significant differences
were observed in the 5-year disease-free sur-
vival rate between Han and Uygur TNBC pa-
tients. Taken together, these results suggest
that, there are no significant differences in the
recurrence and metastasis rate between Han
and Uygur TNBC patients.

Discussion

Pathogenesis and development of breast can-
cers are related to various genetic, physiologi-
cal, and environmental factors. Since Perou et
al. [7] proposed the concept of TNBC, the dis-
ease has become the research hot spot due to
its rapid development, poor prognosis, and
complex molecular characteristics. In China,
current clinical reports of TNBC mainly focus on
the Han people, without comparing the patho-
genic processes among different ethnics. In
the present study, the expression of EGFR and
VEGF in TNBC was investigated and compared
between the Han and Uygur patients.

EGFR is one member of the epidermal growth
factor receptor family, which plays important
roles in the cell growth, proliferation, and dif-
ferentiation. EGFR is a transmembrane protein
encoded by the oncogene C-erbBl1, and is
mainly expressed in normal epithelial cells. It
has been shown that, EGFR is often abnormally
expressed and activated during tumor patho-
genesis, which might be associated with the
tumor angiogenesis, invasion, and metastasis
[8]. The binding of EGFR and its ligand would
lead to tyrosine phosphorylation and the sub-
sequent activation of signal transduction path-
ways. For example, EGFR could activate the
MAPK signaling pathway and stimulate the
oncogene c-fos to enhance the malignant pro-
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liferation of cells, and induce the hormone-
independent growth in TNBC cells [4]. There
have already been molecular therapeutic drugs
targeting on EGFR, one representative of which
is gefitinib. Gefitinib mainly act on the tyrosine
kinase in the intracellular domain of EGFR,
competing with ATP and inhibiting its function.
It has been found that, the expression levels of
EGFR and p53 are significantly up-regulated,
while PTEN expression level is down-regulated,
in TNBC, which would synergistically induce the
disease pathogenesis and development [9]. In
this study, our results showed that, the EGFR
expression rate was 45% (84/187) in total, in
line with a previous report from Nielsen et al.
[10], who have found that the expression rate
of EGFR in TNBC is between 45%-70%. More-
over, our results showed that, the EGFR expres-
sion rate in the Han TNBC patients (40.3%) was
significantly lower than the Uygur TNBC patients
(56.6%). Further in-depth studies are still need-
ed to find out the causes of this phenomenon.

VEGF is an angiogenesis regulatory factor,
which specifically binds to vascular endothelial
cells, stimulating endothelial cell proliferation
and tumor angiogenesis [11]. Studies have
shown that, the expression levels of VEGF were
dramatically elevated in TNBC patients com-
pared with non-TNBC patients, and the VEGF
over-expression is associated with poor prog-
nosis [12, 13]. VEGF has been gradually becom-
ing a novel target for the treatment of TNBC
[14, 15]. At present, there are mainly two kinds
of therapeutic drugs targeting on VEGF: one
kind is the anti-VEGF antibody (bevacizumab
Avastin), and the other kind is endostatin
(Endostar). Compared with paclitaxel, bevaci-
zumab could dramatically improve the disease-
free survival for TNBC. It has been shown that,
combination of epirubicin, cyclophosphamide,
docetaxel, and bevacizumab could increase the
pathologic complete response rate in TNBC
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patients, from 27.9% to 39.3% [16]. Our results
showed that, the total expression rate of VEGF
in Han and Uygur TNBC patients was 53.4%
(100/187), which was in line with a previous
finding from Yang et al. (45.0%) [17]. However,
the VEGF expression rate in the Han TNBC
patients (48.5%) was significantly lower than
that in the Uygur TNBC patients (66.0%). Similar
results were found about the EGFR expression
levels. This difference might be caused by the
relatively late staging of TNBC for the Uygur
patients at admission.

The follow-up results indicated that, the recur-
rence rate within 5y for the Han TNBC patients
was 24.6%, while the recurrence rate for the
Uygur patients was 32.1%. No differences were
observed in the recurrence rate between the
Han and Uygur TNBC patients. Then the asso-
ciation of EGFR/VEGF expression, lymph node
metastasis, and TNM staging was investigated.
Our results showed that EGFR and VEGF were
over-expressed in TNBC, which were associat-
ed with the lymph node metastasis and TNM
staging. Patients over-expressing EGFR/VEGF
are prone to suffer from early recurrence and
metastasis, and are generally related to poor
prognosis [18]. In contrast, Jobim et al. [19]
have found that, the lymph node metastasis,
tumor size, and histological staging are not
related to the expression of VEGF. A previous
study has shown that, the protein expression
levels would be dramatically changed during
different stages of TNBC [20]. Our results
showed that, the expression rates of EGFR and
VEGF are significantly associated with the met-
astatic lymph node numbers and TNM staging
in both Han and Uygur TNBC patients, suggest-
ing that EGFR and VEGF might contribute to
the pathogenesis and development of TNBC.
Lymph node metastasis and TNM staging are
important indicators for the clinical prognosis,
and they are also important reference for the
individual comprehensive treatment. Based on
our results, the differential expression of EGFR/
VEGF should be taken into consideration for the
diagnosis and treatment of TNBC concerning
different ethnics. The individual targeting thera-
peutic strategy might improve the cure rate and
elevate the survival rate for the clinical treat-
ment of TNBC.

In conclusion, our result showed that, the
expression levels of EGFR and VEGF in the Han
TNBC patients were significantly lower than
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those in the Uygur TNBC patients. However, no
significant differences in the 5-year disease-
free survival rate were observed between Han
and Uygur TNBC patients. In addition, the
EGFR/VEGF expression was positively associ-
ated with lymph node metastasis and TNM
staging in TNBC. These results suggest that,
EGFR and VEGF could be considered as inde-
pendent prognostic factors for TNBC, whose
over-expression might predict poorer disease
prognosis. Moreover, different prognostic fac-
tors would exist for Han and Uygur TNBC
patients. These findings might contribute to the
analysis of TNBC concerning different ethnics
and provide evidence for the understanding of
prognostic factors for TNBC in clinic.
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