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Abstract. Neoadjuvant chemotherapy (NAC) is a widely‑used 
treatment for breast cancer, as it may render unresectable 
breast tumors to become resectable. In addition, NAC 
provides the unique opportunity to assess response to treat-
ments within months rather than years of follow‑up. However, 
predictive markers of tumor response to NAC are lacking. 
Therefore, the present study aimed to investigate the expres-
sion of endoglin, a marker of angiogenesis, and its association 
with pathologic responses to NAC. Samples from 34 breast 
cancer patients were obtained prior to and following NAC 
treatment. Immunohistochemical staining for endoglin and 
the mechanistic target of rapamycin (mTOR) was performed, 
and the correlation between the expression of these markers 
and pathologic response was examined. The overall response 
rate to NAC of these 34 patients was 67.6%. A mean micro-
vascular density value of 14 served as a threshold score for 
the increased expression of endoglin. Increased expression 
of endoglin in primary tumors prior to NAC correlated with 
improved response in primary tumors (P=0.019) or in primary 
tumors and regional lymph nodes (P=0.014), when compared 
with reduced expression of endoglin. Increased expres-
sion of mTOR following NAC was additionally correlated 
with improved response to NAC. The results of the present 
study demonstrated that the expression of endoglin in breast 
tumor samples prior to NAC may be a predictor of treatment 
response. Long‑term follow‑up of clinical outcome is required 
to explain the elevation of mTOR expression levels following 
NAC treatment in responsive tumors.

Introduction

Breast cancer (BC) is one of the most common types of cancer 
and is the leading cause of cancer mortality among females 
worldwide, accounting for 25% of all cancer cases and 15% of 
all cancer‑associated mortality among females (1). A number 
of adjuvant therapies for early BC have been developed; 
however, the recurrence rate remains as high as 20‑30%. 
Robust clinical and pathological markers determine treatment 
options, including pathological evaluation of the size of the 
primary tumor, number of metastatic lymph nodes, lympho-
vascular invasion, as well as the expression of the estrogen 
receptor (ER), progesterone receptor (PR), the Ki‑67 marker 
of proliferation and human epidermal growth factor receptor 2 
(HER‑2) are all established markers (2). Aside from histologic 
prognostic factors, a number of molecular classifications of 
BC have been identified, involving the mammaprint test or the 
OncotypeDX™21‑Gene Recurrence Score assay, which may 
be used to predict the requirement for adjuvant chemotherapy 
treatment (3).

Neoadjuvant chemotherapy (NAC) describes therapeutic 
intervention prior to surgery. The aim of NAC in BC is to 
reduce the size of unresectable tumors in locally advanced or 
inflammatory BC, thus allowing surgery to be performed (4). 
For operable tumors, the aim is to downstage the tumor for 
improved loco‑regional control and to increase the conserva-
tive surgery rate. As NAC provides the unique opportunity to 
assess response to chemotherapy within months rather than 
years of follow‑up, it provides the opportunity to assess the 
efficacy of therapy and to change to an alternative treatment 
if appropriate. NAC has recently become a popular treatment 
option, which is widely used to treat patients that fulfill the 
criteria for adjuvant chemotherapy following surgery, and is 
considered to be a platform for testing novel therapies. Clinical 
studies have made use of the in  vivo response to conduct 
sequential tissue biopsies and assess a range of biomarkers of 
resistance and sensitivity to neoadjuvant treatment (5).

Response to NAC is an excellent indicator of disease 
outcome (4). Achieving a pathologic complete response (pCR), 
which is defined as the absence of residual invasive cancer 
in the breast and ipsilateral axilla lymph nodes, following 
NAC treatment is associated with improved disease‑free 
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survival  (DFS) in patients with luminal B/HER‑2 positive 
tumors (6). The US Food and Drug Administration (FDA) has 
recommended pCR as an end point for the approval of novel 
agents for neoadjuvant treatment of early‑stage BC (7).

Angiogenesis is an essential process in the progression 
of malignant tumors, as solid tumors cannot grow beyond 
1‑2 mm in diameter without the formation of new vessels (8). 
In BC, extensive neovascularization and lymphovascular inva-
sion have been reported to be poor indicators of prognosis (9). 
Microvascular density (MVD) has become the morpho-
logical gold standard to assess angiogenesis in human tumors. 
Numerous studies have demonstrated that the MVD of BC 
predicts tumor progression and metastasis, and thus predicts 
prognosis (10).

Endoglin [also known as cluster of differentiation (CD) 
105], is a co‑receptor of transforming growth factor‑β 
(TGF‑β)‑1 and ‑2, and is expressed on the endothelial cells 
of peri‑ and intra‑tumoral blood vessels and tumor stromal 
components (11). Endoglin has demonstrated to be superior to 
CD34 and CD31 in the evaluation of angiogenesis, as demon-
strates greater affinity for the angiogenic endothelium, whereas 
CD34 and CD31 react nonspecifically with the endothelium of 
healthy and pathological vessels (12).

The phosphatidylinositol 3‑kinase (PI3K)‑protein kinase B 
(Akt)‑mechanistic target of rapamycin (mTOR) signaling 
pathway is an important pathway that is involved in hormone 
therapy and trastuzumab resistance (13,14). Treatment with an 
mTOR inhibitor may reverse resistance in advanced BCs (15,16).

The present study examined the association between the 
therapeutic effects of NAC and the expression of numerous 
markers, including endoglin and mTOR, in locally advanced 
BC, in order to determine whether determination of endoglin 
expression prior to NAC may be used as a predictive marker of 
treatment response.

Materials and methods

BC tissues. The Ethics Committee of Kaohsiung Chang 
Gung Memorial Hospital (Niao‑Song, Taiwan) approved this 
study. With permission from the Institutional Review Board 
of Kaohsiung Chang Gung Memorial Hospital (Kaohsiung, 
Taiwan), clinical information and archived tissue specimens 
were collected from 34 patients with BC that were diagnosed 
and treated in Kaohsiung Chang Gung Memorial Hospital 
between 2012 and 2014. Biopsy specimens prior to NAC treat-
ment and tumor specimens following NAC treatment were 
collected for diagnosis and the analysis of the expression of 
markers. Patients provided written informed consent for the use 
of their tissue samples for research purposes. In addition, all 
data were analyzed anonymously. Clinical data including age 
at diagnosis, clinical and pathological stage, and pathological 
features, including ER, PR, Ki‑67 and HER‑2 expression and 
responses to NAC were obtained from a combined review of 
clinical and pathological records. Patients routinely underwent 
computed tomography examination prior to and following 
NAC treatment. Evaluation of clinical response was measured 
according to the Response Evaluation Criteria In Solid Tumors 
guidelines (version 1.1) (17). Resected specimens were sent for 
pathological examination by pathologists at Kaohsiung Chang 
Gung Memorial Hospital (Kaohsiung, Taiwan).

Tissue microarray (TMA). Tumor specimens (following 
treatment) from archived specimens were collected for TMA 
blocks. TMA blocks were constructed using the TMA Grand 
Master system (3DHISTECH Ltd., Budapest, Hungary). 
Target regions for the array (areas with BC) were identified by 
marking the areas on hematoxylin and eosin‑stained sections 
from each paraffin‑embedded sample. A total of 3 tissue cores 
with a diameter of 3 mm were transferred from each donor 
block to the recipient TMA block. Liver or skeletal muscle 
tissues were placed in the first lane core of the three upper 
right cores of the TMA block to ensure correct orientation.

Immunohistochemical (IHC) staining. IHC staining proce-
dures were followed as previously described  (18). Biopsy 
specimens and TMA blocks constructed from formalin‑fixed 
paraffin‑embedded human BC tissue were sectioned at 3‑µm 
thickness and dried overnight at 37˚C. Slides were deparaf-
finized in xylene and rehydrated through a graded alcohol 
series to water. For antigen retrieval, the slides were incubated 
with an anti‑endoglin primary antibody (cat. no. NCL‑CD105; 
1:50; Novocastra™; Leica Biosystems, Ltd., Milton Keynes, 
UK) for 3 h at room temperature and anti‑mTOR primary 
antibody (cat. no.  ab2732; 1:100; Abcam, Cambridge, MA, 
USA) 1:100 for 2 h at room temperature. Following a wash 
step with PBS, the UltraVision™ Quanto Detection system 
HRP (cat. no. TL‑125‑QHL; 1:10; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) for 10 min at room temperature was 
added. The slides were then analyzed using the Dako Liquid 
DAB+ Substrate Chromogen system (cat. no. K3468; Dako; 
Agilent Technologies GmbH, Waldbronn, Germany), followed 
by counterstaining with hematoxylin 1:1 at room tempera-
ture for 1 min and mounting onto coverslips using Entellan® 
New Mounting Medium (cat. no. 107961; Merck Millipore, 
Darmstadt, Germany). Incubation of slides without the primary 
antibody was used as a negative control. Slides were scanned 
using the Pannoramic SCAN scanner (3DHISTECH Ltd.) for 
analysis. The staining intensity of these markers was determined 
by two independent pathologists, and classified as low or high.

Evaluation of MVD. MVD was evaluated as described 
previously (18). Endoglin positive single cells or clusters of 
cells clearly in the vessel lumen were considered to be an indi-
vidual vessel. Areas of inflammation, fibrosis or necrosis, and 
vessels with a muscle wall were excluded. The sections were 
scanned (magnification, x100) by two observers simultane-
ously to select the hotspots (regions with the highest endoglin 
staining) of the three tissue array spots for every patient. 
The number of microvessels in each hotspot were counted 
(magnification level, x200) and their density was expressed as 
the mean number/high‑power field. Mean values of endoglin 
staining were calculated for each individual tumor and used 
for further analysis.

Statistical analysis. The association between IHC findings 
and clinical features, including alterations of tumor stage, 
pathological stage and expression markers were analyzed 
by Spearman's rank correlation coefficient. SPSS software 
(version, 10.0; SPSS Inc., Chicago, IL, USA) was used for all 
calculations. P<0.05 was considered to indicate a statistically 
significant association.
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Results

Tumor responses to NAC. A total of 34 paired specimens 
were available for staining and analysis from 34 patients. The 
mean age of the patients was 55 years. All tumors were inva-
sive ductal carcinoma. All patients received NAC including 
anthracycline and taxane, either administered sequentially or 
in combination. For breast tumors with HER‑2 overexpres-
sion, trastuzumab was added into the treatment regimen. The 
overall response rate of primary tumors was 67.6% (Table I); 
only 5 (14.7%) patients exhibited disease progression during 
NAC treatment.

High endoglin expression correlates with improved response 
to NAC. The expression of endoglin was assessed by immu-
nohistochemistry to evaluate the MVD of tumors. A mean 
value of 14 was selected as the cut‑off point for MVD; a value 
of ≤14 was considered as low expression (Fig. 1) and a value 
of>14 was considered as high expression (Fig. 2). A high MVD 
score in the tumor biopsy samples obtained prior to NAC was 
significantly associated with an improved patient response 
rate of primary tumors (Fig. 3A), and of primary tumors with 
regional lymph node involvement (Fig. 3B).

Increased mTOR expression is linked to improved NAC 
response. The expression of mTOR in tumors removed prior to 
NAC and in residual tumors following NAC were compared in 
primary tumors (Fig. 4A), and in primary tumors with regional 
lymph node involvement (Fig. 4B). The expression of mTOR 
was increased in tumors with improved responses to NAC 
treatment, while decreased mTOR expression was observed 
in tumors that progressed following NAC treatment (Fig. 4A).

Discussion

BC is currently one of the most common types of cancer 
among females in Taiwan  (19). Although the first step to 
determine treatment for BC depends on the Tumor Node 
Metastasis stage (20), there are a variety of biomarkers that 
have been reported for prognostic and predictive purposes. 
The most common biomarkers used are hormone receptors, 
HER‑2 expression status, and the Ki‑67 index, which classi-
fies BC types into luminal A, luminal B, HER‑2‑enriched and 
basal triple‑negative breast cancers (21). These classifications 
are associated with different prognoses and treatment options. 
Identification of novel markers has led to a greater under-
standing of the importance of existing biomarkers, and a more 
definitive insight into tumor biology.

NAC is the current standard of treatment for patients with 
locally advanced BC, and is frequently used for patients with 
operable BC, with the aim of downstaging the tumor and 
improving the success rate of breast‑conserving surgery (22). 
Response to NAC may predict a reduction in the micrometa-
static burden, and allow for the individualization of systemic 
treatments. Traditionally, patients are administered with adju-
vant chemotherapy following resection of primary tumors. 
However, determining the effectiveness of adjuvant chemo-
therapy is difficult, as there is no evaluable lesion following 
surgery. With NAC treatment, responses to drug activity are 
rapidly available, and valuable information may be collected 

from proof‑of‑concept studies that involve a relatively small 
number of patients.

It is the general consensus that the absence of residual 
invasive cancer in the breast and lymph nodes is the preferred 
definition of pCR that provides the best indicator of clinical 
outcome (23).

For breast tumors overexpressing HER‑2, HER‑2‑targeted 
agents have been reported to improve the pCR rate and DFS. 
A novel anti‑HER‑2 antibody, known as pertuzumab, obtained 
FDA approval for the treatment of HER‑2‑positive BC due 
to the significant improvement in pCR when combined with 
trastuzumab as part of the NAC regimen (24). Patients with 
triple‑negative breast cancer (TNBC) demonstrate a worse 
prognosis once pCR is not achieved; however, they display 
an increased probability of obtaining pCR when compared 
with non‑TNBC patients. Once TNBC patients attain pCR 
following NAC treatment, they demonstrate an excellent 
survival rate (25).

Angiogenesis is important for cancer cells to proliferate, 
grow and metastasize. Inhibiting angiogenesis therefore leads 
to inhibition of these characteristics, which is may be detri-
mental to tumor growth and survival (8). Currently, there are 
numerous agents that target the neovascularization pathway; 
however, a predictive marker of response remains to be 
detected (26). Although numerous types of malignancies are 
hypervascular tumors, it is uncertain to what extent the angio-
genesis signaling pathway is involved, as anti‑angiogenetic 

Table I. Clinical information of patients.

Clinical information	 No. of patients

Mean age at time of diagnosis (years)	 55 (33‑72)
Clinical stage prior to NAC
  Stage II	 13
  Stage III	 18
  Stage IV	 3
Subtype
  Luminal A	 9
  Luminal B	 9
  HER‑2 enriched	 8
  Triple negative	 8
NAC regimen
  EC x4	 8
  ET x6	 18
  ETH x6 	 8
Response to NAC
  Progressive disease	 5
  Stable disease	 6
  Partial response	 18
  Complete response	 5

NAC, neoadjuvant chemotherapy; EC, epirubicin and cyclophos-
phamide; EC x4, EC every 3 weeks for 4 cycles; ET, epirubicin and 
docetaxel; ETx6: ET every 3 weeks for 6 cycles; ETH, epirubicin, 
docetaxel and trastuzumab; ETH x6, ETH every 3 weeks for 6 cycles; 
HER‑2, human epidermal growth factor receptor 2.
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agents only moderately prolong the overall survival rate of 
these cancers (27‑29). The plasma levels of vascular growth 
factor‑A (VEGFA) prior to treatment have been evaluated 
retrospectively in a previous study (30). Until recently, elevated 
levels of VEGFA have been demonstrated to be an indicator 
of poor prognosis; however, it is unable to predict response to 
anti‑angiogenic therapies, including bevacizumab (31). MVD 
has become the pathological gold standard for assessing angio-
genesis in solid tumors. Studies have demonstrated that the 
angiogenic potential of BC, as assessed by MVD, correlates 
with the potential of tumor progression and metastasis, and 
therefore may be used to predict clinical outcome (8,32).

Traditionally, pan endothelial markers, including CD31, 
CD34 and Von Willebrand factor are used to assess MVD 

histologically (33,34). However, endoglin is reportedly a more 
effective marker than CD34 and CD31 in the evaluation of 
neovascularization of tumors, as it demonstrates a greater 
affinity for endothelial cells in tumor tissues, whereas CD34 
and CD31 react nonspecifically with pathological and healthy 
vessels (12).

A previously study demonstrated that MVD, as determined 
by endoglin staining, was correlated positively with HER‑2 
expression, and negatively with hormone receptor expression. 
The importance of MVD on overall survival is greater for 
early stage BCs (18). The present study revealed that MVD, as 
evaluated by endoglin staining, correlated with tumor response 
to NAC treatment. Therefore, endoglin may be a suitable 
predictor for patient response following NAC treatment.

Figure 1. Representative immunohistochemistry images of reduced expres-
sion of endoglin in breast tumor samples following neoadjuvant chemotherapy 
from patients (magnification, x200). Positive endoglin staining (white 
arrows) was observed as thin, linear deposits in the membrane and cytoplasm 
of endothelial cells in the microvessels.

Figure 2. Representative immunohistochemistry images of increased 
expression of endoglin in breast tumor samples following neoadjuvant 
chemotherapy from patients (magnification, x200). Positive endoglin staining 
(white arrows) was observed as thin, linear deposits in the membrane and 
cytoplasm of endothelial cells within the microvessels.

Figure 3. Correlation analysis of patient response and endoglin expression in breast tumor tissue samples prior to neoadjuvant chemotherapy. Correlation of 
endoglin expression and patient response for (A) primary tumors and (B) primary tumors with regional lymph node involvement. CR, complete response; PR, 
partial response; SD, stable disease; PD, progressive disease.

Figure 4. Correlation analysis of patient response and the altered expression levels of mTOR in breast tumor tissue samples prior to and following neoadjuvant 
chemotherapy. Correlation of mTOR expression and patient response for (A) primary tumors and (B) primary tumors with regional lymph node involvement. 
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; mTOR, mechanistic target of rapamycin 
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Endoglin is an accessory receptor for TGF and is upregu-
lated during hypoxia via induction of hypoxia‑inducible 
factor 1α. Therefore, its expression is elevated in the actively 
proliferating endothelium (35,36). A clear positive correlation 
has been reported between several markers of cell prolifera-
tion, including cyclin‑A and Ki‑67, and endoglin expression 
levels. Therefore, endoglin has been suggested as an appro-
priate marker for tumor‑associated neovascularization (36). 
Additionally, endoglin has been demonstrated to be a poten-
tial marker for tumor diagnosis and prognosis in a previous 
study (36).

As high endoglin expression correlates with the rapid 
proliferation of tumor cells, and as chemotherapy effective for 
inhibiting the growth of rapidly proliferating tumor cells (37), 
this may explain why high endoglin expression correlated 
with an improved response rate of primary tumors to NAC 
treatment in the present study. However, whether this response 
translates to improved DFS or overall survival remains to be 
elucidated.

The present study additionally demonstrated that mTOR 
expression levels were elevated in tumors responsive to NAC. 
Endocrine therapy inhibits the growth‑promoting effects 
of estrogen via ERs, and may therefore be considered as the 
cornerstone of direct target therapy. Approximately 70‑75% 
of BCs express ERs, indicating a high level of dependence on 
estrogen for tumor growth (38). Although endocrine therapy 
continues to be an effective treatment for ER‑positive (ER+) 
BC, many patients with advanced ER + BC develop de novo 
or acquired resistance and require more intensive and toxic 
treatments, such as chemotherapy. Novel approaches which 
augment the benefit of existing endocrine therapies, by 
prolonging time to disease progression, preventing or over-
coming resistance, and delaying the use of chemotherapy are 
required. The PI3K/Akt/mTOR signaling pathway is a key 
intracellular signaling system that induces cellular growth 
and survival. A previous study demonstrated that the hyper 
activation of this signaling pathway is implicated in the 
tumorigenesis of ER+ BC and resistance to endocrine therapy. 
Furthermore, a previous study reported that inhibition of the 
PI3K/AKT/mTOR signaling pathway may augment the benefit 
of endocrine therapy in ER+ BC (39). AspCR is considered 
to be the best response for cancer cells that survive following 
NAC, elevated mTOR expression may serve as an alternative 
signaling pathway for residual tumors. Further follow‑up is 
required to assess the outcome of these patients.

The limitations of the present study included the use of 
insufficient samples for further analysis. This was due to 
the fact that patients and doctors in Taiwan remain hesitant 
to accept NAC, even though NAC is used in routine clinical 
practice in numerous Western countries. Furthermore, a 
number of patients achieved pCR; therefore, there were no 
residual tumors for the assessment of mTOR expression levels. 
Additionally, there was a limited duration of follow‑up; there-
fore, it could not be confirmed whether response to NAC or the 
expression of endoglin prior to NAC correlated with improved 
DFS or overall survival.

In conclusion, the present study demonstrated that the 
expression of endoglin in BC tissue samples prior to NAC 
may be a useful predictor of treatment response. Long‑term 
follow‑up of clinical outcome is required to explain the 

elevation of mTOR expression levels following NAC treatment 
in responsive but non‑pCR tumors.
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