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Abstract

Background: This retrospective study and meta-analysis was designed to explore the relationship between E-cadherin
(E-cad) expression and the molecular subtypes of invasive non-lobular breast cancer, especially in early-stage invasive
ductal carcinoma (IDC).

Methods: A total of 156 post-operative cases of early-stage IDCs were retrospectively collected for the
immunohistochemistry (IHC) detection of E-cad expression. The association of E-cad expression with molecular
subtypes of early-stage IDCs was analyzed. A literature search was conducted in March 2016 to retrieve publications on
E-cad expression in association with molecular subtypes of invasive non-lobular breast cancer, and a meta-analysis was
performed to estimate the relational statistics.

Results: E-cad was expressed in 82.7% (129/156) of early-stage IDCs. E-cad expression was closely associated with the
molecular types of early-stage IDCs (P < 0.050); moreover, the molecular subtypes were an independent factor
influencing E-cad expression in early-stage IDCs. A total of 12 observational studies (including our study) were included
in the meta-analysis. The meta-analytical results show a significantly greater risk of E-cad expression loss in triple-negative
breast cancer (TNBC) than in other molecular subtypes (TNBC vs. luminal A: RR = 3.45, 95% CI = 2.79–4.26; TNBC vs.
luminal B: RR = 2.41, 95% CI = 1.49–3.90; TNBC vs. HER2-enriched: RR = 1.95, 95% CI = 1.24–3.07).

Conclusions: Early-stage IDCs or invasive non-lobular breast cancers with the TNBC molecular phenotype have a higher
risk for the loss of E-cad expression than do tumors with non-TNBC molecular phenotypes, suggesting that E-cad
expression phenotypes were closely related to molecular subtypes and further studies are needed to clarify the
underlying mechanism.
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Background
Breast cancer is the most common malignancy in
women worldwide, with approximately 246,660 new
cases occurring among women in the USA in 2016
[1]. The survival of breast cancer patients has been
significantly improved in the past decades; however,
invasion and metastasis still result in many deaths in
patients with advanced breast cancer [1, 2]. Conven-
tional prognostic factors, such as tumor staging and
grading, do not always efficiently estimate clinical
outcomes in individual breast cancer patients because
of the complex characteristics of the disease [3, 4].
Therefore, the discovery of molecular markers to aid
in tumor-type stratification and breast cancer surveil-
lance is critical [5, 6].
Molecular subtypes are closely related to the

patterns of metastasis and natural courses of breast
cancer, and specific treatment models for different
molecular subtypes of breast cancer can improve the
prognosis of patients with the disease [7, 8]. E-
cadherin (E-cad) is a calcium-dependent epithelial
transmembrane glycoprotein that mediates cell-to-cell
adhesion and helps maintain the morphological integ-
rity of epithelial cells [9]. Typically, a loss of E-cad
expression occurs when cancer cells undergo an
epithelial-mesenchymal transition (EMT) [10, 11]. The
loss of E-cad expression has been found to be signifi-
cantly associated with a lack of estrogen receptor
(ER) expression, the expression of cytokeratins 5/6
and/or epidermal growth factor receptor (EGFR), and
a basal-like phenotype (or triple-negative breast can-
cer, TNBC) in breast cancer [12, 13]. Studies have also
confirmed that many breast cancers in which E-cad
expression is lost have a lobular morphology and show
aggressive invasion and metastasis [14, 15]. Invasive ductal
carcinomas (IDCs) encountered in clinical practice usually
have typical molecular subtypes and show a low frequency
of E-cad expression loss [12, 16, 17]. Moreover, molecular
subtypes are critical for determining the direction of
adjuvant systemic therapies for treating early-stage breast
cancer and have important implications for patient care

[8, 18]. However, there is little information clarifying the
association between E-cad expression and the molecular
subtypes of early-stage IDC.
In this study, we evaluated the expression of E-cad in

a panel of early-stage (stage I and II) IDCs to assess the
association of E-cad expression with the molecular
subtypes and the clinical and molecular pathological
characteristics of the disease to provide further evidence
for use in evaluating the risk of recurrence and metasta-
sis in patients. Furthermore, our study also investigated
the association of E-cad expression and the molecular
subtypes of invasive non-lobular breast cancer by
performing a meta-analysis of published studies.

Methods
Retrospective study
Patient selection
This study was approved by the Medical Ethics Committee
of the First Affiliated Hospital of Henan University of
Science and Technology, and informed consent was ob-
tained from all the patients involved with the collection of
tissue samples. The inclusion criteria for the retrospective
study were early-stage IDC, including stage I and II dis-
eases, proved by pathology, and treated with radical surgical
operation followed by endocrine therapy, chemotherapy,
targeted therapy, and/or radiotherapy. Paraffin-embedded
specimens were collected continuously from all patients
with early-stage IDC (n = 156) who underwent surgical
intervention and pathological examination from September
2011 to October 2014 in the First Affiliated Hospital of
Henan University of Science and Technology. The clinical
and pathological data of these 156 patients were obtained
from the patients’ records retrospectively.

Immunohistochemical evaluation and definition of
molecular subtypes
Immunohistochemistry (IHC) methods were performed
using an ultrasensitive SP-IHC kit according to the
manufacturer’s protocol (Maxim Biotech, Inc., Fuzhou,
China). Anti-E-cad (clone 4A2C7), anti-ER (clone SP1),
anti-progesterone receptor (PR) (clone SP2), anti-human

Fig. 1 Classification algorithm for molecular subtyping [8, 19]
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epidermal growth factor receptor 2 (HER2) (clone EP3),
and anti-Ki67 (clone MIB-1) mouse monoclonal antibodies
(Maxim Biotech, Inc., Fuzhou, China) were used for the
IHC detection of E-cad, ER, PR, HER2, and Ki67 expres-
sion. A 3,3-diaminobenzidine tetrahydrochloride (DAB) kit
(Maxim Biotech, Inc., Fuzhou, China) was used to visualize
the detected markers.
All IHC evaluations were performed independently by

two pathologists. Samples were considered positive for ER
and PR expression if ≥10% of the tumor cells showed posi-
tive nuclear staining. For Ki67, if ≥15% of the nuclei were
stained, samples were classified as showing positive (high)
expression. HER2 expression is located in breast cancer cell
membranes, and according to the scoring system (0, 1+, 2+,
and 3+) of the American Society of Clinical Oncology/Col-
lege of American Pathologists clinical practice guidelines, a
score of 3+ was considered to indicate HER2-positive sam-
ples. E-cad expression was considered positive if greater
than or equal to 50% continuous membrane staining was
present in the breast cancer cells, and negative or low ex-
pression if less than 50%, which was the median percentage
observed in the included subjects. In this study, based on
the St Gallen International Expert Consensus on
primary therapy for early-stage breast cancer from
2013, all tumors were phenotyped into IHC molecular
subtypes based on a surrogate immunopanel for ER,
PR, HER2, and Ki-67 (Fig. 1) [8, 19].

Statistical analyses
The data were analyzed by using SPSS Statistics version
19.0 (SPSS Inc). Chi-square and Spearman rank correl-
ation tests were performed to assess the differences and
the associations, respectively, between the characteristics
of different early-stage IDCs with E-cad expression
phenotypes. A logistic regression analysis was performed
to explore the independent and interactive relationships
between E-cad expression and molecular pathological
factors. Risk ratios (RRs) and 95% confidence intervals
(CIs) were calculated for the explanatory factors and
were adjusted for confounding factors, including ER, PR,
HER2, and Ki67 expression, as well as molecular
subtypes, histologic grade, tumor stage, nodal stage, and
TNM stage. A P < 0.050 was statistically significant.

Meta-analysis
Literature search and inclusion criteria
PubMed and the ISI Web of Knowledge database were
searched in March 2016 to identify primary research
publications reporting associations between E-cad
expression and breast cancer molecular subtypes. The
following search terms, including MeSH Terms, Title/
Abstract keywords, or Text Word, were used for a com-
prehensive literature search: “breast neoplasm, breast
cancer, or mammary cancer”; “E-cadherin, or E-cad”;

and “molecular subtypes, basal-like, HER2-positive,
HER2-enriched, triple negative, luminal, or TNBC”. The
literature was restricted to peer-reviewed, full-text
publications written in English and Chinese. Addition-
ally, the reference lists of relevant studies were checked
for possible additional publications missed in the search.
Inclusion criteria for this meta-analysis were as

follows: (1) pathologically proven invasive non-lobular
cases of breast cancer were studied; (1.1) the sample size

Table 1 Clinic and pathological characteristics and IHC results
of 156 early stage IDCs

Characteristics No. of patients (N = 156) (%)

Age (years, mean ± SD) 52.8 ± 12.0

Histologic grade

I 13 (8.3)

II 107 (68.6)

III 36 (23.1)

Tumor stage

T1 77 (49.4)

T2 79 (50.6)

Nodal stage

Negative 96 (61.5)

Positive 60 (38.5)

TNM stage

I 50 (32.1)

II 106 (67.9)

E-cad

Negative/low 27 (17.3)

Positive 129 (82.7)

ER

Negative 52 (33.3)

Positive 104 (66.7)

PR

Negative 82 (52.6)

Positive 74 (47.4)

HER2

Negative 129 (82.7)

Positive 27 (17.3)

Ki67

Negative 40 (25.6)

Positive 116 (74.4)

Molecular subtypes

Luminal A 30 (19.2)

Luminal B 74 (47.4)

HER2-enriched 14 (9.0)

TNBC 38 (24.4)

IHC immunohistochemistry, IDC invasive ductal carcinoma of the breast, TNBC
triple-negative breast cancer
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included more than 50 IDC cases; (1.2) the percentage
of IDC cases was more than 50%; (2) the molecular
subtypes of breast cancer reported were based on an
IHC expression analysis of surrogate markers; (2.1)
TNBC and non-TNBC types were reported; (2.2) TNBC,
luminal type, and HER2-enriched types were reported;
or (2.3) TNBC, luminal A, luminal B, and HER2-
enriched types were reported; (3) an explicit description
of the IHC methodology and an evaluation of E-cad
expression were presented; and (4) a description of the
association between E-cad expression and the molecular
subtypes of breast cancers was provided. Two re-
searchers (JBL and CYF) independently read the titles
and abstracts of the identified studies. If appropriate, the
full text of the studies was then scrutinized to determine
whether they met the selection criteria. For studies with
overlapping populations, the most informative study was
included.

Data extraction and methodological assessment
Two investigators (JBL and CYF) independently ex-
tracted the following data from the eligible articles: first
author, year of publication, study location, recruitment
period, sample size, histologic type, percentage of
invasive lobular carcinoma (ILC) and IDC, stage of the

disease, tissue processing protocol, antibodies and cutoff
value used for E-cad expression, and molecular subtypes
identified. Then, these two researchers independently
evaluated the quality of each study per the scoring sys-
tem (range 0 to 9) of the Newcastle-Ottawa Quality As-
sessment Scale (NOS) [20]. In this meta-analysis, a high-
quality study was considered as one having a score of 6
or greater, while a low-quality study was regarded as one
having a score of less than 6.

Statistical analyses
Review Manager (RevMan) 5.3 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014) were used for the meta-analysis. We estimated the
risk ratios (RRs) and 95% confidence intervals (CIs) for
E-cad expression between different molecular subtypes
of breast cancer. Between-studies heterogeneity was
evaluated using the I2 statistic (ranges 0 to 100%), with
an I2 statistic value greater than 50% indicating the
presence of substantial heterogeneity. When I2 was less
than 50%, pooled RRs and 95% CIs were calculated using
the Mantel-Haenszel method with fixed-effect models;
otherwise, a random-effect model was adopted. More-
over, if significant heterogeneity existed, we took
subgroup analysis to investigate potential sources of

Fig. 2 Expression of E-cad, ER, PR, HER2, and Ki67 in early stage IDC. a ER positive expression in nucleus of IDC. b ER negative expression in nucleus of
IDC. c PR positive expression in nucleus of IDC. d PR negative expression in nucleus of IDC. e HER2 positive expression in membrane of IDC. f HER2
negative expression in membrane of IDC. g Ki67 positive expression in nucleus of IDC. h Ki67 negative expression in nucleus of IDC. i E-cad positive
expression in membrane of IDC. j E-cad negative/low expression in membrane of IDC. Bar = 100 μm
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heterogeneity. A sensitivity analysis was also performed
to evaluate the influence of individual studies on the
outcome of the analysis. The publication bias of eligible
studies was estimated using funnel plots: if an asymmet-
rical funnel was observed, a publication bias was
considered to be present [21]. All statistical tests were 2-
sided, and a P value <0.050 was considered significant.

Results
Retrospective study
E-cad expression and molecular subtypes of early-stage
IDCs
The clinical and pathological data (histologic grade,
tumor stage, nodal stage, and TNM stage) and IHC re-
sults for the 156 patients are summarized in Table 1.
The positive expression rates for E-cad, ER, PR, HER2,
and Ki67 expression were 82.7% (129/156), 66.7% (104/
156), 47.4% (74/156), 17.3% (27/156), and 74.4% (116/
156), respectively (Fig. 2). Based on the IHC results, the
156 cases of early-stage IDCs were classified into the
following different molecular subtypes: 30 (19.2%)
luminal A, 74 (47.4%) luminal B, 14 (9.0%) HER2-
enriched, and 38 (24.4%) TNBC tumors.

Relationship between E-cad expression and early-stage IDC
molecular subtypes
To understand the clinical importance of E-cad expres-
sion in early-stage IDCs, we compared the association of
E-cad expression and the clinical and pathological
features of the patients with the disease. A Spearman
correlation analysis showed no significant association be-
tween E-cad expression and the clinical and pathological
features of patients with early-stage IDCs. However,
there was a statistically significant difference in the loss
of E-cad expression among the different molecular
subtypes of the disease (P = 0.049) (Table 2). We then
separately compared E-cad expression in TNBC with
that in the non-TNBC subtypes of early-stage IDCs, and
the results show that TNBC tumors (31.6%) had a
significantly higher rate of E-cad expression loss than
what was observed in luminal A (10%, P = 0.033),
luminal B (14.9%, P = 0.038), HER2-enriched (7.1%,
P = 0.068), or non-TNBC (11.7%, P = 0.008) tumors.

Logistic regression analysis of clinical and pathological
factors associated with E-cad expression loss in early-stage
IDCs
To further explore the possible factors associated with
E-cad expression loss (negative/low expression), we
performed logistic regression analyses of the clinical and
pathological factors, including ER, PR, HER2, and Ki-67
expression, as well as the molecular subtypes, histo-
logical grade, nodal stage, tumor stage, and TNM stage.
The results show that molecular subtype was the only
factor influencing E-cad expression loss in early-stage

Table 2 E-cadherin expression in early stage IDCs

Characteristics No. of
patients

E-cadherin χ2 (P value)

Negative/low Positive

Histologic grade

I 13 2 11 0.79 (0.673)

II 107 17 90

III 36 8 28

Tumor stage

T1 77 15 62 0.50 (0.479)

T2 79 12 67

Nodal stage

Negative 96 20 76 2.17 (0.141)

Positive 60 7 53

TNM stage

I 50 11 39 1.13 (0.287)

II 106 16 90

ER

Negative 52 13 39 3.23 (0.073)

Positive 104 14 90

PR

Negative 82 16 66 0.59 (0.444)

Positive 74 11 63

HER2

Negative 129 24 105 0.43 (0.512)

Positive 27 3 24

Ki67

Negative 40 6 34 0.20 (0.655)

Positive 116 21 95

Molecular subtypes

Luminal A 30 3 27 7.85 (0.049)

Luminal B 74 11 63

HER2-enriched 14 1 13

TNBC 38 12 26

IDC invasive ductal carcinoma of the breast, TNBC triple-negative breast cancer

Table 3 Logistic regression analysis of clinic and pathological factors associated with E-cad expression loss in early stage IDCs

Variables Estimate, B Standard error Wald statistic P valuea Risk ratio 95% Confidence interval

Molecular subtypes −0.577 0.223 6.714 0.010 1.779 1.151–2.755

Constant 3.080 0.654 22.203 0.000 0.046

IDC invasive ductal carcinoma of the breast, TNBC triple-negative breast cancer
aLogistic regression analysis including ER, PR, HER2, Ki-67, molecular subtypes (TNBC vs. non-TNBC), histologic grade, nodal stage, tumor stage, and TNM stage
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IDCs (RR = 1.779, 95% CI = 1.151–2.755, P = 0.010),
suggesting that early-stage TNBC-IDC has an approxi-
mately twofold greater tendency to develop the loss of
E-cad expression compared with expression loss in non-
TNBC tumors (Table 3). We further analyzed the risk to
develop E-cad expression loss between molecular
subtypes. Similarly, the results show that TNBC tumors
have a higher rate of E-cad expression loss compared
with that of luminal subtypes (RR = 2.35, 95% CI = 1.19–
4.61, P = 0.010), luminal B (RR = 2.12, 95% CI = 1.04–4.36,
P = 0.040), and non-TNBC (RR = 2.48, 95% CI = 1.28–
4.83, P = 0.007).

Meta-analysis
Description of studies
A total of 12 observational studies (including our retro-
spective study) from 10 medical centers were included in
the meta-analysis [11, 12, 16, 17, 22–28]. Figure 3 illustrates
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) literature search flow chart [29].
The detailed characteristics of the 12 eligible studies are
listed in Table 4. The median NOS quality score was 6
(range 5–7). Additional file 1: Table S1 provides detailed in-
formation about the quality assessment.
For the included studies, which involved a total of 6631

patients (range 156–1711), the recruitment period for all
patients was from 1986 to 2014. Ten of the 12 studies re-
ported 70 to 100% of patients with IDC. All studies carried
out IHC analyses for E-cad expression using formalin-
fixed, paraffin-embedded tissue slides, and seven of these

studies constructed tissue microarrays (TMAs). Of the in-
cluded studies, the most frequently used antibodies
against E-cad were monoclonal antibody 4A2C7 (n = 3),
HECD-1 (n = 2), and NCH-38 (n = 2). The overall rate of
E-cad expression loss in these studies was 40.1%, and
the rates of E-cad expression loss for specific subtypes
were 53.1% in TNBC (12 studies), 18.5% in luminal A
(4 studies), 24.3% in luminal B (4 studies), and 26.6%
in HER2-enriched (7 studies). A loss rate of 36.3%
was reported in non-TNBC (12 studies).

Meta-analysis of the association of E-cad expression with
molecular subtypes of invasive non-lobular breast cancer
We performed pooled analyses with the available data
on the pattern of E-cad expression in different molecular
subtypes of invasive non-lobular breast cancers, and the
results show significant difference in E-cad expression
between the molecular subtypes of this disease
(P < 0.010 in all cases between four molecular subtypes
(4 studies), three molecular subtypes (7 studies), or two
molecular subtypes (12 studies)) (Table 5). Moreover,
the estimated pooled RR for all studies showed a
significantly increased risk of E-cad expression loss in
TNBC than in the other molecular subtypes (TNBC vs.
non-TNBC: RR = 1.73, 95% CI = 1.38–2.16; TNBC vs.
luminal type: RR = 1.81, 95% CI = 1.19–2.75; TNBC vs.
luminal A: RR = 3.45, 95% CI = 2.79–4.26; TNBC vs.
luminal B: RR = 2.41, 95% CI = 1.49–3.90; TNBC vs.
HER2-enriched: RR = 1.95, 95% CI = 1.24–3.07; all
P < 0.010; Figs. 4 and 5).

Fig. 3 The PRISMA literature search flow chart
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Subgroup analysis
By grouping studies according to the publication year,
geographic location, sample size, tissue processing, dif-
ferent IHC antibodies, cutoff value, prevalence of E-cad
expression, or NOS score, the subgroup analysis showed
lower heterogeneities and yielded similar associations in
the overall analysis (Table 6). In geographic location sub-
groups, the pooled analyses of the studies conducted in
Europe yielded a lower statistic of between-study hetero-
geneity (I2 = 70%) than all studies (I2 = 91%), while, if
further excluding the study [28] with the lowest effect
size, an I2 statistic value of 22% was even observed.
Interestingly, the recruited period subgroup analytical
results revealed that much lower heterogeneities were
observed between studies with recruited period before
2000 (I2 = 10%) or after 2006 (I2 = 0%), compared with
the studies of patients recruited from 2000 to 2006
(I2 = 91%). Moreover, the subgroup analyses also found
that no statistical heterogeneities were observed between
the studies those recruited a large sample size of ≥1000
(I2 = 0%), employed 4A2C7 antibody with whole slide
section tissue processing (I2 = 38%), selected a cutoff of
100 H-score (I2 = 0%), or reached a similar or uniform

prevalence of E-cad expression of >64% (exclude the
study [28] with the highest prevalence) (I2 = 40%) or
≤50% (I2 = 0%).

Sensitivity analysis and publication bias
We conducted a sensitivity analysis to determine the in-
fluence of individual studies on the overall effect. The
meta-analysis was not dominated by any single study,
and the exclusion of any one study had no effect on the
results: the lowest statistics were (1) TNBC vs. non-
TNBC: RR = 1.60 (95% CI = 1.30–1.98); (2) TNBC vs.
luminal type: RR = 1.60 (95% CI = 1.04–2.47); (3) TNBC
vs. luminal A: RR = 3.43 (95% CI = 2.72–4.31); (4)
TNBC vs. luminal B: RR = 1.98 (95% CI = 1.38–2.82);
and (5) TNBC vs. HER2-enriched: RR = 1.57 (95%
CI = 1.08–2.28); all P < 0.050. As depicted by the sym-
metrical funnel plots, the studies on the association of
E-cad expression with the molecular subtypes of breast
cancer showed no publication bias (Fig. 6).

Discussion
Metastasis and recurrence are considered primary con-
tributors to treatment failure in breast cancer. EMT is

Table 5 Pooled analysis of E-cad expression between molecular subtypes of breast cancer

Comparisons No. of studies Molecular
subtypes

No. of
patients

E-cad expression χ2 (P value)

Negative/low Positive

1 4a [11, 24, 25] Luminal A 523 97 426 137.90 (0.000)

Luminal B 305 74 231

HER2-enriched 208 57 151

TNBC 325 180 145

2 7a [11, 17, 24, 25, 27, 28] Luminal A/B 2140 552 1588 86.34 (0.000)

HER2-enriched 545 145 400

TNBC 744 324 420

3 12a [11, 12, 16, 17, 22–28] Non-TNBC 5254 1909 3345 120.46 (0.000)

TNBC 1273 676 597

TNBC triple-negative breast cancer
aIncluding our retrospective study

Fig. 4 Comparison of E-cad expression loss between TNBC and non-TNBC tumors. TNBC triple-negative breast cancer

Liu et al. World Journal of Surgical Oncology  (2017) 15:139 Page 8 of 13



one of the mechanisms that enhance the invasive and
migratory capacity of malignant cells, and it is associated
with the loss of E-cad expression or function [11]. Stud-
ies have confirmed that a loss of E-cad expression in
breast cancer is closely associated with invasion and
metastasis [14, 15]. ER, PR, HER2, and Ki67 have all
been shown to be important prognostic indicators for
breast cancer. Based on the ER, PR, HER2, and Ki67
expression phenotype, molecular subtypes can be used
to determine strategies for the use of hormone therapy,
chemotherapy, and targeted therapy. TNBC involves the
deficient expression of ER, PR, and HER2 and does not
benefit from endocrine therapy or treatment with
trastuzumab [30]; moreover, TNBC is prone to recur-
rence and metastasis after treatment even when diag-
nosed at an early stage [31, 32]. Therefore, finding
effective therapeutic targets for TNBC is a major focus
of breast cancer research.
Studies have found that TNBC is significantly associ-

ated with a loss of E-cad expression, which may explain
the aggressive invasion and metastasis associated with

this tumor subtype [12, 13]. However, the expression of
E-cad in early-stage IDCs with a TNBC phenotype is not
clear. Therefore, this retrospective study was specifically
and narrowly designed to address this issue. The results
show that the rate of E-cad expression loss in TNBC
was significantly higher than that in non-TNBC subtypes
in early-stage IDCs. Moreover, we performed a meta-
analysis to collect comprehensive evidence on differences
in E-cad expression between TNBC and non-TNBC sub-
types of invasive non-lobular breast cancers. Similar to the
results of the retrospective study, the results of the meta-
analysis suggested that invasive non-lobular TNBC
tumors had an approximately twofold greater tendency to
present the E-cad expression loss phenotype compared
with non-TNBCs.
The loss of E-cad expression or function plays a

pivotal role in the process of malignant change and in
the development of the invasive capacity of epithelial
cells [33]. In this analysis of 156 patients with early-stage
IDC, we found that the rate of E-cad expression loss of
the 38 TNBC tumors was 31.6%, which was significantly

Fig. 5 Comparison of E-cad expression loss between TNBC and luminal subtype and HER2-enriched tumors. TNBC triple-negative breast cancer
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higher than that of the non-TNBC tumors. Accordingly,
E-cad expression loss may be a molecular mechanism
promoting invasion and metastasis in TNBC cells, which
would be consistent with the published results showing
that E-cad expression loss is predictive of the high recur-
rence and mortality rates associated with TNBC tumors

[17, 26]. A logistic regression analysis showed that the
status of ER, PR, HER2, and Ki67 expression were not
independent factors influencing the loss of E-cad expres-
sion, but the specific molecular subtype of the tumors,
which is defined based on a combination of the pheno-
typic expression of these four markers, was a significant

Table 6 The results of subgroup analyses

Variables No. of studies Pooled risk ratio
(95% CI)

I2 statistic, % χ2 P value for
heterogeneity

Analytical model

Publication year

Before 2010 5 [12, 16, 22–24] 1.92 (1.30–2.83) 94 <0.001 REM

After 2011 7a [11, 17, 25–28] 1.58 (1.15–2.18) 89 <0.001 REM

Geographic location

Asia 7a [11, 16, 17, 24–26] 2.21 (1.66–2.94) 86 <0.001 REM

Europe 5 [12, 22, 23, 27, 28] 1.26 (1.06–1.51) 70 0.010 REM

Europe (exclude the lowest effect size [28]) 4 [12, 22, 23, 27] 1.29 (1.20–1.39) 22 0.280 FEM

Recruited period

Before 2000 4 [17b, 22, 23 b, 27] 1.29 (1.20–1.39) 10 0.340 FEM

2000 to 2006 4 [16, 24–26] 2.08 (1.40–3.08) 91 <0.001 REM

After 2006 2a [11] 2.77 (2.22–3.47) 0 0.700 FEM

Sample size (n, median)

≥452 6 [16, 17, 22, 23, 27, 28] 1.38 (1.07–1.78) 90 <0.001 REM

<452 6a [11, 12, 24–26] 2.35 (1.45–3.81) 90 <0.001 REM

≥1000 2 [22, 27] 1.27 (1.17–1.38) 0 0.420 FEM

Tissue processing

TMA 7 [11, 12, 17, 22, 23, 27, 28] 1.49 (1.13–1.95) 90 <0.001 REM

Whole slide section 5a [16, 24–26] 2.12 (1.49–3.04) 89 <0.001 REM

IHC antibodies

NCH-38 antibody 2 [11, 16] 2.49 (1.96–3.15) 64 0.090 REM

HECD-1 antibody 2 [12, 22] 1.50 (0.91–2.48) 71 0.060 REM

HECD-1 antibody 2 [12, 22] 1.27 (1.15–1.40) 71 0.060 FEM

4A2C7 antibody 3a [23, 24] 2.29 (1.00–5.25) 94 <0.001 REM

4A2C7 antibody (only whole slide section) 2a [24] 3.38 (2.47–4.62) 38 0.210 FEM

Cutoff

10% 3 [11, 25, 26] 1.85 (1.15–2.98) 92 <0.001 REM

30 and 50% 6a [12, 16, 23, 24, 28] 1.72 (1.02–2.90) 93 <0.001 REM

100 H-score 2 [22, 27] 1.27 (1.17–1.38) 0 0.420 FEM

Prevalence of E-cad expression (%, median)

>64% 6 a [11, 12, 17, 24, 28] 2.02 (1.22–3.36) 87 <0.001 REM

>64% (exclude the highest prevalence [28]) 5 a [11, 12, 17, 24] 2.74 (2.31–3.25) 40 0.150 FEM

≤64% 6 [16, 22, 23, 25–27] 1.47 (1.21–1.79) 88 <0.001 REM

≤50% 4 [22, 23, 26, 27] 1.27 (1.18–1.36) 0 0.880 FEM

NOS score

7 5 a [16, 22, 26, 27] 1.53 (1.20–1.96) 90 <0.001 REM

5 and 6 7 [11, 12, 17, 23–25, 28] 1.82 (1.21–2.72) 90 <0.001 REM

CI confidence interval, REM random-effects model, FEM fixed-effects model
aIncluding our retrospective study
bMost half of recruited period before 2000
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factor. Therefore, we speculated that the ER-, PR-, and
HER2-deficient phenotype of TNBC tumors were a key
factor in the determination of the E-cad-expression
phenotype. Importantly, a loss of E-cad expression may
be mainly attributed to the absence of ER and HER2
signaling. Studies have confirmed that ER levels can
affect the invasive and metastatic phenotype of breast
cancers by regulating the expression of E-cad via the ER-
metastasis-associated protein MTA3-Snail-E-cad signal-
ing pathway [34, 35]. The mechanism by which HER2
might regulate E-cad expression is not clear. A genomic
analysis found that HER2 gene mutations were fre-
quently present in relapsed invasive lobular breast can-
cers with a classic E-cad gene mutation [36]. In addition,
a loss of E-cad expression is a key indicator of EMT.

However, recent studies have found that the loss of E-
cad expression is not a prerequisite for the initiation of
EMT induced by HER2 signaling, but is actually a subse-
quent molecular event occurring after EMT [37, 38].
Therefore, these findings suggest a sophisticated associ-
ation between HER2 signaling and E-cad expression,
which requires the design of additional experiments to
reveal the complex mechanism of interaction between
these two molecules.
The results of the meta-analysis of the association of

E-cad expression with specific molecular subtypes of
invasive non-lobular breast cancer also show a relation
between ER, HER2 signaling, and E-cad expression. The
results from the overall meta-analysis and the sensitivity
analysis all show that TNBC tumors have higher risk of

Fig. 6 Funnel plot of comparison of E-cad expression loss between TNBC and non-TNBCs. TNBC triple-negative breast cancer
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developing E-cad expression loss than other tumor types
and this risk is progressively decreased in luminal A,
luminal B, and HER2-enriched tumors. These findings
suggest that the ER- and PR-positive molecular pheno-
type in luminal A tumors present a normal ER-E-cad
axis for upregulating and stabilizing E-cad expression,
precluding the loss of E-cad expression [34, 35], while
the combination of the ER and PR positive or negative
and HER2-positive expression phenotypes in luminal B
and HER2-enriched tumors may involve the combined
effects of ER and HER2 on E-cad expression, resulting in
a variable HER2-E-cad signaling pathway. Accordingly,
we believe that our meta-analysis will provide useful
information for further research in invasive non-lobular
breast cancer.
In the meta-analysis, significant heterogeneity was ob-

served between the included studies. For investigating
the source of high between-study heterogeneity,
subgroup analysis was performed. Finally, the sub-
group analytical results yielded unchanged associa-
tions between E-cad expression and molecular
subtypes of invasive non-lobular breast cancer in
different stratifications and suggested that geographic
location, recruited period, sample size, IHC antibodies
and tissue processing, cutoff value, and prevalence of
E-cad expression could be the potential sources of
the heterogeneities between the included studies of
the meta-analysis, while publication year and NOS
score might have no impact on the between-study
heterogeneity of this meta-analysis.
There were some limitations in the meta-analysis.

Firstly, except for invasive non-lobular breast cancers,
the main goal of the meta-analysis was to investigate
E-cad expression between molecular subtypes of
early-stage IDCs; however, because there are no pub-
lished studies about the topic, no individual data
about early-stage IDC were present in the included
studies, and not to connect with the authors of the
included studies for obtaining the raw data, the main
evidence for E-cad expression between the molecular
subtypes of early-stage IDCs was only from our retro-
spective study. Furthermore, semi-quantitative IHC
detection may affect the precision of the results and
between-studies heterogeneity due to differences in
the primary antibodies, IHC staining protocols,
evaluation standards, and cutoff values for E-cad ex-
pression used, as well as differences in the surrogate
markers used for the determination of molecular
subtypes. Finally, we believe there could be potential
language and publication biases in the meta-analysis
because we only sought published studies written in
English and Chinese. Thus, we suggest that the re-
sults of the meta-analysis should be interpreted
cautiously.

Conclusion
In sum, our results confirm that the E-cad expression
phenotypes were closely related to molecular subtypes
and further studies are needed to clarify the underlying
mechanism. Early-stage IDCs or invasive non-lobular
breast cancers with TNBC molecular profiles had a
higher risk for the loss of E-cad expression than tumors
with non-TNBC molecular subtypes. E-cad expression is
emerging as an important factor in the invasion and
metastasis of TNBC tumors. We expect that E-cad
expression may serve as a reliable tool for early and
accurate predictions of invasion and metastasis of TNBC
and may be a potential therapeutic target for treating
invasive non-lobular breast cancer.
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