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Background: Increased amounts of soluble E-cadherin (E-cad) have been found in the serum in various cancers, but the role

of serum soluble E-cad in the prognosis of breast cancer patients has not been explored in Asian populations.

Material/Method: Blood samples from 111 consecutive patients diagnosed with breast cancer and 55 healthy controls were in-
vestigated. Serum soluble E-cad expression levels were measured by enzyme-linked immunosorbent assay
(ELISA) with an immunoassay kit according to the manufacturer’s directions. Kaplan-Meier analyses were used
to evaluate the association between serum soluble E-cad expression level and survival. All statistical tests were
2-sided.

Results: The serum levels of soluble E-cad in breast cancer patients were significantly higher than those of the control
group (2218.94319.6 ng/ml vs. 742.8491.7 ng/ml, p<0.001). Serum levels of soluble E-cad correlated signifi-
cantly with TNM stage (P=0.007), tumor grade (P=0.03), and lymph node metastasis (P<0.001). Kaplan-Meier
analysis with the log-rank test indicated that high serum levels of soluble E-cad had a significant impact on
overall survival (55.4% vs. 81.4%; P=0.032) and disease-free survival (36.8% vs. 67.8%; P=0.002) in breast can-
cer. Multivariate analysis revealed that serum levels of soluble E-cad were independently associated with over-
all survival and disease-free survival in breast cancer patients.

Conclusions: Serum soluble E-cad level is an independent prognostic factor in Asian breast cancer patients.
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Material and Methods

Breast cancer is the most frequently diagnosed cancer in
women and is the leading cause of cancer death in females
worldwide, accounting for 23% of all cancer cases and 14%
of cancer deaths [1]. Thus, early diagnosis and effective ther-
apies for breast cancer are imperative. Many risk factors re-
lated to breast cancer tumorigenesis have been identified,
such as female sex, increasing patient age, family history of
breast cancer, early menarche, late menopause, older age at
first live child-birth, prolonged hormone replacement thera-
py, previous exposure to therapeutic chest wall irradiation,
benign proliferative breast disease, increased mammograph-
ic breast density, and genetic mutations such as those of the
BRCA1/2 genes [2,3]. However, finding new molecular mark-
ers that can predict the effects of therapy and patient surviv-
al is still a difficult task.

Epithelial mesenchymal transition (EMT) has been shown
to be an important mechanism contributing to cancer in-
vasion and metastasis in epithelial-derived cancers [4,5].
During the process of EMT, epithelial cells lose their polari-
ty and acquire a mesenchymal phenotype, becoming migra-
tory and invasive [6]. E-cadherin (E-cad) belongs to a family
of transmembrane glycoproteins, responsible for calcium-de-
pendent cell-to-cell adhesion [7,8]. Soluble E-cad is generat-
ed by cleavage of the extracellular domain of the anchored
protein (120 kDa), resulting in the release of fragments of
80 kDa [9]. Increased levels of its soluble form in the serum
may reflect serious dysfunction of the cell surface molecule.
Soluble cadherin fragments may retain specific biologic ac-
tivities in the tumor environment favoring aggressiveness
and metastasis by antagonizing the intact molecule or serv-
ing as an anchor for migration when bound to the extracel-
lular matrix [9]. A hallmark of EMT is loss of E-cad, which is
considered an epithelial differentiation marker in EMT stud-
ies [10]. Downregulation of E-cad is associated with tumor
grade and stage and contributes to the transition of adeno-
ma to carcinoma in animal models [11]. Gogali et al. found
that serum levels of E-cad were significantly elevated in pa-
tients with non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC) compared with healthy controls, and se-
rum soluble E-cad levels were correlated with presence of dis-
tant metastasis in patients with SCLC and NSCLC, suggesting
that E-cad may have prognostic value [12]. However, the role
of serum soluble E-cad in the prognosis of breast cancer pa-
tients has not been explored among Asian population. The
aim of this study was to investigate the expression of serum
soluble E-cad in breast cancer and its potential as a prognos-
tic marker in Asian populations.

Patients and controls

The Ethics Committee at Yantaishan Hospital approved the
study, in accordance with the Declaration of Helsinki. All in-
dividuals gave written informed consent for participation in
the study. Blood samples from 111 consecutive patients di-
agnosed with breast cancer who underwent surgery at the
Department of Breast Surgery, Yantaishan Hospital from May
2007 to August 2013 were investigated. The median follow-
up time of the patients was 37 months. The patients had not
received preoperative treatment such as radiation or chemo-
therapy. Forty-one patients underwent axillary lymph node
resection, 37 patients underwent postoperative chemother-
apy, and 29 patients underwent postoperative radiotherapy.
Details of clinical and pathological characteristics of the pa-
tients are summarized in Table 1. The control group consisted
of 55 healthy women whose ages were matched to the patient
cohort. Blood samples were collected from the patients at the
time of diagnosis, before surgery. The demographic and path-
ological data, including age, tumor size, axillary lymph node
status, cancers stage according to the tumor-node-metastasis
classification, histological type, status of ER and progesterone
receptor (PR), and human epithelial receptor (HER)-2 protein
status were obtained by a review of the patients’ medical re-
cords. A structured questionnaire was administered by well-
trained interviewers to collect information on demographic
and anthropometric characteristics of the enrolled subjects.
Disease-free survival (DFS) was defined as the time between
surgery and the date of first local recurrence, distant metas-
tasis, second primary cancer of another organ, or death from
any cause, whichever appeared first during follow-up. Patients
known to be alive with no evidence of disease were censored
at the last follow-up date. Overall survival (0OS) was defined
from surgery to death for any cause, and patients who were
alive were censored at date of last follow-up visit.

Assay for serum levels of soluble E-cad

The samples were centrifuged and serum was kept at —-80°C
until use. Serum soluble E-cad expression levels were mea-
sured by enzyme-linked immunosorbent assay (ELISA) with
an immunoassay kit (Miltenyi, Germany) according to the
manufacturer’s directions. This test is based on the capture
of E-cad using a solid-phase absorbed primary monoclonal
antibody, followed by subsequent detection using a labeled
secondary monoclonal antibody to E-cad. All samples were
analyzed in duplicates. The optical density (OD) at 450 nm
was determined. The standard curves were established with
0D450 as the Y axis and the concentration of standard sub-
stance as the X axis. The level of protein was obtained through
a standard curve.
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Table 1. Clinicopathological implication of soluble E-cad levels in patients with breast cancer.

Soluble E-cad (ng/ml)
Variables Cases (n)

Positive 56 2322.44311.1
Statistical analysis the prediction of cut-off values of the markers. Survival curves
were calculated using the Kaplan-Meier method and compared
The relationships between clinicopathologic variables and se- with the log-rank test. Factors shown to be of prognostic sig-
rum soluble E-cad expression were examined by y? analyses. nificance in the univariate Cox regression model were evalu-

The Receiver Operating Characteristic (ROC) curve was used for ~ ated in a multivariate Cox regression model. For all analyses, a
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Figure 1. The serum soluble E-cad levels. (A) The serum levels of soluble E-cad in breast cancer patients were significantly higher
than those of the control group (2218.9+319.6 ng/ml vs. 742.8491.7 ng/ml, p<0.001). (B) ROC curve for the serum soluble
E-cad differentiating breast cancer and control group. The analysis revealed that serum level of soluble E-cad was a potential
biomarker for differentiating breast cancer patients from controls and was under the ROC curve of 0.935 [95% confidence

interval (Cl)=0.900-0.969].

P value less than 0.05 was considered statistically significant.
All analyses were performed using SPSS18.0 (SPSS, Chicago,
IL) and GraphPad5 software. All statistical tests were 2-sided.

Results

Serum levels of soluble E-cad and its association with
clinicopathological characteristics

The serum levels of soluble E-cad in breast cancer patients
were significantly higher than those of the control group
(2218.94319.6 ng/ml vs. 742.8491.7ng/ml, p<0.001, Figure 1A).
Since soluble E-cad level was significantly elevated in the se-
rum of breast cancer patients when compared with healthy
controls, ROC curve analysis was used to explore the potential
of using serum soluble E-cad as a biomarker for breast cancer.
The analysis revealed that serum level of soluble E-cad was a
potential biomarker for differentiating breast cancer patients
from controls and was under the ROC curve (AUC) of 0.935
[95% confidence interval (Cl)=0.900-0.969] (Figure 1B). At a
cut-off value of 1239.3 ng/ml, the sensitivity was 79.1% and
the specificity was 89.3%. The 95™ percentile of soluble E-cad
values for the healthy control group, 1246.7 ng/ml, was used as
the cutoff value for the following analyses. We then investigat-
ed the association between serum levels of soluble E-cad and
clinicopathological characteristics. The relationships between
serum levels of soluble E-cad and clinicopathological charac-
teristics of patients with breast cancer are shown in Table 1.
Serum levels of soluble E-cad correlated significantly with TNM

stage (P=0.007), tumor grade (P=0.03), and lymph node me-
tastasis (P<0.001). There was no significant correlation of se-
rum soluble E-cad levels with age (p=0.54), menopausal status
(p=0.67), histological type (p=0.06), expression of ER (p=0.11),
expression of PR (p=0.13), and expression of HER2 (P=0.09).

Serum levels of soluble E-cad and clinicopathological
factors associated with disease-free survival and overall
survival in patients with breast cancer

Using a cutoff value of 1246.7 ng/ml for soluble E-cad, patients
with breast cancer (n=111) were divided into a high expres-
sion group (n=77) and a low expression group (n=34). Kaplan-
Meier analysis with the log-rank test indicated that high se-
rum levels of soluble E-cad had a significant impact on overall
survival (55.4% vs. 81.4%; P=0.032; Figure 2) and disease-free
survival (36.8% vs. 67.8%; P=0.002; Figure 3) in breast cancer.
Univariate and multivariate analyses were utilized to evaluate
whether the serum levels of soluble E-cad and various clinico-
pathological features were independent prognostic parameters
of breast cancer patients’ outcomes. Multivariate analysis re-
vealed that serum levels of soluble E-cad (HR=2.97, 95% Cl:
1.28-9.11; P=0.017), TMN stage (HR=3.31, 95% Cl: 1.38-7.29;
P=0.02), and lymph node status (HR=2.98, 95% Cl: 1.86-10.02;
P=0.012) were independently associated with the overall sur-
vival (Table 2), and that serum levels of soluble E-cad (HR=3.38,
95% Cl: 2.47-11.89; P=0.009), tumor grade (HR=3.19, 95% Cl:
2.13-10.02; P=0.003), and lymph node status (HR=4.12, 95% Cl:
1.98-15.21; P=0.007) were independent prognostic factors for
disease-free survival in breast cancer patients (Table 2).
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Figure 2. Kaplan-Meier analysis with the log-rank test indicated
that high serum levels of soluble E-cad had a
significant impact on overall survival (55.4% vs. 81.4%;
P=0.032) in breast cancer.

Figure 3. Kaplan-Meier analysis with the log-rank test indicated
that high serum levels of soluble E-cad had a
significant impact on disease-free survival (36.8% vs.
67.8%; P=0.002) in breast cancer.

Table 2. Clinicopathological factors associated with disease-free survival and overall survival in patients with breast cancer.

Disease-free survival

Univariate

Variable .
nalysis

P-value Hazard ratio

Multivariate analysis

95% CI

Overall survival

Univariate
analysis

P-value P-value Hazard ratio 95% Cl P-value

Age 0.76 0.93 0.29-2.24 0.71 0.62 1.21 0.31-2.36 0.66
Menopausalstatus 035 111 026312 038 029 138  047-311 032
CTNMstage 007 238 092677 006 004 331 138729 002
CGrade 001 319 2131002 0003 008 239  087-632 009
Histologicaltype 012 079 023319 024 033 128 038303 06
Lymphonodus status 003 412 1981521 0007 0009 298 1861002 0012
CeRstaws 03¢ 17 057278 018 019 139 038293 031
CeRstaws 038 193 078319 021 027 171  027-312 029
CHER2status 041 198 068299 019 032 138  08-358 011
Serumsoluble Ecadlevel 001 338 2471189 0009 003 297 128911 0017
Discussion stage, prognosis, and treatment to improve the survival rate

of breast cancer patients [13-15].
In recent years, several biomarkers of breast cancer have been

proposed, including Ki-67, Bcl-2, HER-2, ER, PR, P53, PAR1, and
FGFR1. However, the biological potential of breast cancer is dif-
ficult to predict completely with the use of these biomarkers.
Therefore, it is urgent to identify novel biomarkers of clinical

EMT, defined by loss of epithelial characteristics and acquisi-
tion of mesenchymal phenotype, is a key developmental pro-
gram that the cancer cells often activate, which leads to in-
vasion and metastasis [16]. EMT can help cancer cells detach
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from a solid tumor and intravasate. In breast cancer, the phe-
nomenon of EMT has been shown to take place in highly ag-
gressive tumors with a basal-like phenotype, which frequent-
ly show overexpression of mesenchymal proteins, including
vimentin and smooth-muscle-actin, and cadherin switching
[17,18]. One of the key characteristics of EMT is loss of E-cad,
which is a marker of epithelial morphology [16,19]. E-cad is a
member of the large family of Ca**-dependent transmembrane
glycoproteins that mediate cell-cell adhesion. It is a single-span
transmembrane glycoprotein of 5 repeats and a cytoplasmic
domain, which is expressed primarily in epithelial cells. Its ex-
tracellular domain has Ca**-dependent homophillic adhesion
function, and its cytoplasmic domain contains a juxtamembrane
domain and B-catenin-binding domain [20,21]. Epigenetic pro-
cesses involving hypermethylation and/or transcriptional al-
ternations such as deacetylation have been shown to be re-
sponsible for downregulation or loss of E-cad in tumors [20].
Several transcriptional repressors of E-cad have been identi-
fied, including the zinc-finger factors, snail, slug, ZEB1, ZEB2,
and bHLH (basic helix-loop-helix) factors such as E12/ E47 and
twist [20,22,23]. Mechanisms for loss of E-cadherin-mediated
adhesions include inactivating mutations, epigenetic silencing,
proteolytic cleavage, endocytosis, proteasomal degradation,
and increased expression of nonepithelial cadherins [24,25].

Increased amounts of soluble E-cad have been found in the se-
rum or urine in various cancers, including gastric cancer, bladder
cancer, prostate cancer, ovarian cancer, lung cancer, and colorec-
tal cancer, as well as in melanoma [9,12,26-29]. Brouxhon et
al. found that soluble E-cad was associated with and activat-
ed many of the oncogenic pathways that tumors utilized for
growth and survival, as well as serum levels in patients cor-
related with clinical response, suggesting that targeted thera-
py against soluble E-cad in combination with other therapies
might offer a novel therapeutic strategy for the treatment of
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breast cancers [30]. Hofmann et al. investigated whether serum
soluble E-cad levels could assess prognosis after preoperative
systemic chemotherapy (PST) in patients with locally advanced
breast cancer. They finally found that serum soluble E-cad lev-
els might be a marker predicting response to PST for patients
with breast cancer [31]. However, the role of serum soluble
E-cad in the prognosis of breast cancer patients has not been
explored in Asian populations. To the best of our knowledge,
this is the first study to report a correlation between soluble
E-cad and the prognosis of breast cancer in Asians. This study
has 3 findings. Firstly, the serum soluble E-cad levels in breast
cancer patients were significantly higher than in healthy con-
trols, and high serum soluble E-cad level was found to signifi-
cantly correlate with TNM stage, tumor grade, and lymph node
metastasis. Secondly, Kaplan-Meier analysis with the log-rank
test indicated that high serum levels of soluble E-cad had a
significant impact on overall survival and disease-free survival
in breast cancer. Thirdly, multivariate analysis revealed that se-
rum level of soluble E-cad was independently associated with
the overall survival and disease-free survival in breast can-
cer. All these results suggest that serum level of soluble E-cad
can predict prognosis of breast cancer patients after surgery.

Conclusions

This study demonstrated that serum levels of soluble E-cad
may be an independent prognostic factor for predicting poor
prognosis in breast cancer patients. This finding could be used
to stratify patients and help select appropriate therapeutic reg-
imens for breast cancer patients.
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