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Abstract

Background: Triple-negative breast cancer (TNBC) is a heterogeneous disease closely associated with
epithelial-to-mesenchymal transition (EMT). This study aimed to investigate the role of EMT in
metaplastic carcinoma.

Methods: E-cadherin, Slug, Twist and Vimentin levels were detected by immunohistochemistry in 167
TNBC tumors, including 145 invasive carcinomas of no special type (ICONSTs), 14 spindle cell
carcinomas (SpCCs) and 8 matrix-producing carcinomas (MPCs).

Results: Nuclear Slug and Twist were more frequently detected in SpCC and MPC tumors than that in
ICONST tumors (p<0.001). The rate of E-cadherin loss was much lower in the ICONST tumors than that
in the SpCC and MPC tumors (p<0.001). Vimentin was expressed in all SpCC and MPC tumors.
Furthermore, nuclear expression of Slug and Twist was positively associated with the cytoplasmic
localization of Vimentin (p<0.001) and was inversely associated with membranous staining of E-cadherin
(p<0.001). These trends were more apparent in the SpCC and MPC tumors than in the ICONST tumors.
Follow-up data were available for 151 patients. The follow-up times ranged from | month to 11 years
(mean: 74 m; median: 21 m). The median progression-free survival and overall survival times were 24
months (mean: 32 months) and 22 months (mean: 35 months), respectively. Tumor size, TNM stage and
E-cadherin were found to be independent prognostic factors of TNBC.

Conclusions: EMT may play an important role in TNBC, especially in MPC and SpCC. Further
researches are needed to confirm this finding. The results of this study may facilitate the future
development of targeted therapies based on alterations in the EMT and stem cell markers.

Key words: epithelial-mesenchymal transition, breast cancer, triple negative, metaplastic carcinoma, clinical significance

Introduction

Microarray-based gene expression profiling
studies performed over the past decade have
identified four main intrinsic molecular subtypes of
breast cancer, including the luminal A, luminal B,
human epidermal growth factor receptor 2
(HER2)-enriched and basal-like subtypes [1-4].
Triple-negative breast cancer (TNBC) is defined by
the absence of detectable estrogen receptor (ER) and

progesterone receptor (PR) expression and the lack of
HER2 gene amplification. The features of the TNBC
roughly parallel those of the basal-like subtype.
Emerging data clearly indicate that TNBC is a
heterogeneous disease with a variable prognosis that
depends on clinical, pathologic, and genetic factors.
Recently, Lehmann et al. [5] have found that TNBC
can be classified into 7 subtypes (6 defined subtypes
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and an unstable group) by gene expression
microarray analysis. The 7 TNBC subtypes were
characterized on the basis of gene ontologies and
differential gene expression and were labeled as
basal-like 1 (BL1), basal-like 2 (BL2), immuno-
modulatory (IM), mesenchymal (M), mesenchymal
stem-like (MSL), luminal androgen receptor (LAR),
and unstable (UNS). Both the M and MSL subtypes
are characterized by the predominant expression of
genes involved in motility, the extracellular matrix,
and cell differentiation pathways, as well as genes
associated ~with the epithelial-to-mesenchymal
transition (EMT). The EMT is important in
embryogenesis, tissue regeneration, inflammation,
wound healing, fibrosis, and carcinogenesis [6]. These
processes are associated with down-regulation of the
expression of epithelial cell junction proteins, such as
E-cadherin, and up-regulation of the expression of
mesenchymal cytoskeletal proteins, such as Vimentin.
Interestingly, the M and MSL subtypes of TNBC have
been closely linked to metaplastic breast cancer.

Slug and Twist, which are known to promote
EMT during development, have been reported to be
preferentially expressed in TNBC but not in the
luminal A/B or HER2-positive subtypes [7,8]. The
expression levels of EMT-related genes (CDH1, Twist,
and SNAIL1) in invasive carcinoma of no special type
(ICONST) and their correlations with patient
prognosis have been reported [7]; however, the role of
the EMT in the other histologic subtypes of breast
cancer remain to be elucidated. Here, we
hypothesized that the expression of EMT markers
would be more frequent in metaplastic carcinoma
than that of ICONST. Thus, to further clarify this
issue, we assessed the expression of EMT markers
(E-cadherin, Vimentin, Slug and Twist) in a series of
well-characterized patients with TNBC, including
patients with metaplastic breast cancer and ICONST.
We aimed to further examine the correlations between
the histological subtypes and the molecular subtypes
of triple-negative (TN) tumors.

Materials and Methods

Case selection

A total of 167 patients who underwent surgery
at Fudan University, Shanghai Cancer Center from
February 1, 2001 to December 31, 2012 were
consecutively retrieved from a pathology database.
The patients were recruited according to the following
criteria: (i) histologically confirmed ICONST/spindle
cell carcinoma (SpCC)/matrix-producing carcinoma
(MPC) with an ER-/PR-/HER2-negative phenotype;
(if) no evidence of distant metastasis at diagnosis; (iii)

no type of treatment prior to surgery. Finally, 145
patients with ICNOST, 14 with SpCC and 8 with MPC
were included. All 167 patients had TN tumors. The
ER, PR and HER? statuses were evaluated according
to the scoring criteria of the American Society of
Clinical Oncology/College of American Pathologists
[9,10]. Tumor stage (TNM) was evaluated according
to the seventh edition of the American Joint
Committee on Cancer (AJCC) staging system [11].

The surgical specimens were routinely
processed, sectioned into 4-pm sections and stained
with hematoxylin and eosin (H&E). Histological type
was characterized based on the tumor classifications
defined by the World Health Organization (WHO;
2012 version) [11].In addition, the tumors were
graded using the Elston-Ellis histologic grading
system [12].

Clinicopathological parameters

The major characteristics of TNBC patients
classified by histologic subtypes are reported in Table
1. All of the patients were female, with a mean age at
diagnosis of 53 years (age range: 27 to 87 y). The
patients with ICONST were younger (51.0%) than
those with other histologic subtypes (SpCC, 14.3%
and MPC, 37.5%), with mean ages of 51, 60 and 53
years, respectively. The majority of the SpCC patients
(92.9%) were postmenopausal, and approximately
half of the ICONST (54.5%) and MPC (50%) patients
were postmenopausal. All of the metaplastic tumors
were classified as high grade. The maximum tumor
diameters varied among the different subtypes, with
mean of 2.9 cm. SpCC (35.7%) and MPC (25%) tumors
were more frequently larger in size (>5 cm) than
ICONST tumors (4.1%). Positive lymph node
involvement was reported for 42.0% of the ICONST
patients, 16.7% of the SpCC patients, and 37.5% of the
MPC patients.

Significant differences in several characteristics,
including age, menopausal status, and tumor grade
and size, were observed among the three histological
types (Table 1). Therefore, we conducted a further
pairwise comparison to assess the differences among
the three groups in detail. Most of the SpCC patients
were postmenopausal and had an older age (p=0.009),
a higher histological grade (p=0.006), and a larger
tumor size (p<0.001) compared with the ICONST
patients. A large tumor size (>5 cm) and high
histological grade are more commonly observed in
MPC than in ICONST. The tumor stage appeared to
be higher (stage III) for the MPC patients than for the
ICONST patients; however, this difference was not
significant.
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Table 1. Clinicopathological characteristics of different histological subtypes

Characteristics Total ICONST SpCC MPC p-value p-value p-value p-value
N(%) N(%) N(%) N(%) three subtypes ICONST vs. SpCC ICONST vs. MPC SpCC vs. MPC
N=167 N=145 N=14 N=8

Age (mean 53 y, range 27-87 y) 0.027 0.009 0.4 0.2

<50y 79(47.3)  74(51.0)  2(14.3) 3(37.5)

>50y 88(52.7) 71(49.0) 12(85.7)  5(62.5)

Menopausal status 0.021 0.006 0.7 0.02

Premenopausal 71(42.5)  66(45.5) 1(7.1) 4(50.0)

Postmenopausal 96(57.5)  79(54.5) 13(92.9)  4(50.0)

Grade <0.001 <0.001 <0.001 /

I / / / /

I 103(61.7) 103(71.0) / /

1II 64(38.3)  42(29.0)  14(100)  8(100)

Size <0.001 <0.001 0.02 0.4

(mean 2.9 cm, range 0.5-14 cm)

<2 61(36.5)  58(40.0) 1(7.1) 2(25.0)

2-5 93(55.7)  81(55.9)  8(57.1) 4(50.0)

>5 13(7.8) 6(4.1) 5(35.7) 2(25.0)

Lymph node status 0.2 0.09 0.8 0.2

Positive 66(40.0)  61(42.0) 2(16.7) 3(37.5)

Negative 99(60.0)  84(58.3) 10(83.3)  5(62.5)

Not evaluated 2 / 2 /

TNM stagea 04 0.2 0.9 0.3

I 39(23.6) 36(24.8) 1(8.3) 2(25.0)

I 91(55.1)  77(53.1)  10(83.3)  4(50.0)

111 35(21.2)  32(22.1)  1(8.3) 2(25.0)

a. Since the lymph node status of two patients was not evaluated, TNM stage of them was not assessed.

Patient follow-up

We  obtained clinical data on the
surgical procedure used, survival status after surgery,
local recurrence (including residual breast tissue and
the chest wall) and distant metastasis. Metastatic sites
were detected clinically or by imaging. The survival
data included progression-free survival (PFS) and
overall survival (OS). The former was defined as the
time from the date of surgery to any type of
recurrence, distant metastasis, or death from breast
cancer or to the last follow-up, and the latter was
defined as the time from surgery to the date of death
from breast cancer or to the last follow-up.

Tissue microarrays

Three tissue microarrays were used in this study.
A total of 150 TN ICONST breast cancer tissues
collected from 2001 to 2009 were included in these
arrays. The representative tumor areas were selected
using matched H&E-stained slides and marked
directly on the donor block. Each cylindrical tissue
sample was cored (diameter of 2 mm) within the
selected region of the donor block and transferred
directly to the recipient block. The percentage of
tissue core that contained tumor tissue was >70%. All
tissue samples included in the present study were
double-pseudomized leftover samples that had been
used for routine pathological diagnoses; these
samples could be used for research purposes without
obtaining informed consent. Control tissues were

acquired by obtaining normal breast tissues from the
cancer patients. Multiple 4-um sections were cut with
a microtome and transferred to slides.

Immunohistochemical analysis of Slug, Twist,
E-cadherin, and Vimentin

Twenty-two samples of tumors with specific
histological types of TNBC were collected from the
patients between 2005 and 2012, routinely processed
and sectioned into 4-um sections. Antibody staining
for Slug, Twist, E-cadherin, and Vimentin was
performed manually using an EnVision™ Detection
System (DAKO). Details on the primary antibodies,
dilutions, antigen retrieval methods, and suppliers are
listed in Table 2. Both positive and negative controls
were used throughout the analysis. A two-tiered
(negative vs. positive) scoring system was used.
E-cadherin protein expression was localized to the
membrane. Cytoplasmic staining was considered
positive for Vimentin. For the transcription factors
Slug and Twist, detectable immunoreactivity in the
nuclear region was defined as positive expression.
Tumors were regarded as immunopositive if >10% of
tumor cells showed immunoreactivity [7,13].

Statistical analysis

All statistical analyses were performed using
SPSS 20.0 software (SPSS Inc., Chicago, IL).
Between-group comparisons were performed using
the chi-square test and t-test. OS and PFS were
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calculated using the Kaplan-Meier estimator and
validated using the log-rank test. Correlation analysis
was performed with Spearman’s rank test. All
statistical tests were two-sided, and differences were
considered significant at a p value of <0.05.

Table 2. Antibodies used in this study for immunohistochemical
analysis of TNBC

Antibody Clone Dilution Supplier Antigen Retrieval
Solution

ER SP1 No dilution Ventana EDTA (pH 9.0)

PR 1E2 No dilution Ventana EDTA (pH 9.0)

HER2 4B5 No dilution Ventana EDTA (pH 9.0)

E-cadherin MAB-0 No dilution MXB Citrate buffer (pH 6.0)
589 Biotechnologies

Vimentin MAB-0 No dilution MXB Citrate buffer (pH 6.0)
178 Biotechnologies

Twist ab50887 1:200 Abcam EDTA (pH 9.0)

Slug C19G7 1:100 Cell Signaling ~ EDTA (pH 9.0)

Technology
Results

Immunohistochemical analysis of E-cadherin,
Vimentin, Slug and Twist in the three
histological subtypes of TNBC

The results of immunohistochemical analyses of
the 167 patients’ tumor samples are shown in Table 3,
and representative immunohistochemical staining
images are shown in Fig. 1. Of the 145 ICONST
tumors examined, 31/145 (21.4%) showed loss of
membranous staining for E-cadherin in tumor cells,
while only 1 SpCC tumor showed positive
membranous staining for E-cadherin. None of the
MPC tumors expressed E-cadherin. A significant
inverse  association was observed between
membranous staining for E-cadherin and histological
grade (p<0.001) (Supplemental Table 1).

Slug and Twist were expressed in 28 (19.3%) and
59 (40.7%) of the 145 ICONST tumors examined (Fig.

1d, 1e), respectively. Among the 14 tumor samples
from the patients with SpCC, 78.6% expressed Slug,
and 92.9% expressed Twist. All 8 MPC tumors
expressed Slug and Twist. Significant positive
associations were observed between nuclear
accumulation of Slug and histological grade and
tumor size (p=0.01) (Supplemental Table 1).

Vimentin expression was localized to the
cytoplasm in tumor cells. A total of 44 (30.3%) of the
145 ICONST tumors expressed Vimentin (Fig. 1c), and
all of the SpCC and MPC tumors expressed this
protein (Fig. 1h, 1m). Cytoplasmic Vimentin
expression was positively associated with histological
grade (p=0.007) (Supplemental Table 1).

Slug, Twist, and Vimentin expression is
increased in metaplastic subtypes

Absent or attenuated expression of the epithelial
marker E-cadherin was more common in SpCC and
MPC than in ICONST (p<0.001, p=0.04). Aberrant
expression of the mesenchymal marker Vimentin and
the EMT transcription factors Slug and Twist were
observed in the SpCC and MPC tumors (p<0.001). The
differences in Slug, Twist and Vimentin expression
between SpCC and MPC were not significant
(Table 3).

Associations of E-cadherin and Vimentin
expression with Slug and Twist expression

Statistical =~ analysis  revealed  significant
associations between the EMT markers in all 167
tumors (Supplemental Table 2). Significant inverse
associations were observed between nuclear
expression of Slug and Twist and membranous
immunostaining for E-cadherin in TNBC (Fig. 2b, 2d).
In addition, positive associations were detected
between the cytoplasmic Vimentin and nuclear Slug
and Twist expression (Fig. 2a, 2c). These trends were
more pronounced in the SpCC and MPC tumors than
in the ICONST tumors (Table 3).

Table 3. Comparison of EMT marker expression patterns according to histological subtypes

Total ICONST SpCC MPC p-value p-value p-value p-value
N(%) N(%) N(%) N(%) three subtypes ICONST vs. SpCC ICONST vs. MPC SpCC vs. MPC
N=167 N=145 N=14 N=8

E-cadherin <0.001 <0.001 0.04 0.439

Positive 115(68.9) 114(78.6) 1(7.1) 0(0.0)

Negative 52(31.1) 31(21.4) 13(92.9) 8(100.0)

Slug <0.001 <0.001 <0.001 0.159

Positive 47(28.1) 28(19.3) 11(78.6) 8(100.0)

Negative 120(71.9) 117(80.7) 3(21.4) 0(0.0)

Twist <0.001 <0.001 <0.001 0.159

Positive 80(47.9) 59(40.7) 13(92.9) 8(100.0)

Negative 87(52.1) 86(59.3) 1(7.1) 0(0.0)

Vimentin <0.001 <0.001 <0.001 0.439

Positive 66(39.5) 44(30.3) 14(100.0) 8(100.0)

Negative 101(60.5) 101(69.7) 0(0.0) 0(0.0)
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Figure 1. H&E staining (a, f, k) and representative images showing negative or positive expression of E-cadherin (b, g, I), Vimentin (c, h, m), Slug (d, i, n), and Twist
(e, j, o) in different histological types of TNBC. Loss of membranous staining of E-cadherin was detected in SpCC (g) and MPC (l). Cytoplasmic expression of Vimentin
was observed in both SpCC (h) and MPC (m). Vimentin was also expressed in several ICONST tumors (c). Nuclear expression of Slug and Twist was frequently

observed in SpCC (i, j) and MPC (n, o) tumors.
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Figure 2. Relationships of E-cadherin and Vimentin expression with Slug and Twist expression. Slug and Twist expression was positively associated with Vimentin

expression (a, c) and inversely associated with E-cadherin expression (b, d).
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Treatment and follow up

Modified radical mastectomy was the initial
therapy in 150 of the 167 patients. Conservative
surgery was performed for 8 patients (2 with sentinel
lymph node biopsy and 7 with axillary lymph node
dissection). Simple mastectomy with sentinel lymph
node biopsy was performed for 9 patients.

Follow-up data were available for 151 patients.
The follow-up times ranged from 1 month to 11 years,
with mean and median postsurgical intervals of 74
and 21 months, respectively. Overall, disease
progression (defined as recurrence, metastasis or
death resulting from disease) occurred in 35 patients
(21%). The median PFS time was 24 months (mean of
32 months). Twenty-two of the 35 patients died of
breast cancer by the last follow-up, with a median OS
time of 22 months (mean of 35 months).

Fig. 3 shows the PFS and OS rates for each
histologic subtype of TNBC. The 5-year PFS rates
were 77%, 56.2% and 75.0% for the patients with
ICONST, SpCC and MPC breast cancer, respectively.
Further, the 5-year OS rates were 84.4%, 61.9%, and
70% for the patients with ICONST, SpCC, and MPC,
respectively.

Survival analysis

PFS and OS were reduced in patients with SpCC
and MPC (p=0.27 and p=0.106, respectively)
compared with those in patients with ICONST,
although these differences were not significant (Fig.
3). Univariate (Table 4, Fig. 4) and multivariate
analyses of the associations of PFS and OS with the
expression of EMT-related genes were conducted. The
results revealed that tumor size, TNM stage and
E-cadherin were independent prognostic factors for
TNBC (Table 5).
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Discussion

TNBC comprises approximately 15% of all
subtypes of breast cancer. Emerging evidence clearly
indicates that TNBC is a heterogeneous disease with a
variable prognosis that depends on clinical,
pathologic, and genetic factors. Most TNBCs have
been reported to be ICONST, and a number of other
histological types (e.g., secretory, adenoid cystic,
metaplastic, medullary, and myoepithelial tumors)
can also exhibit a TNBC phenotype. Specific types of
breast cancer might be associated with an extremely
good or extremely poor prognosis compared with the
prognosis of ICONST with similar biological features
at a similar stage [12,14-17]. Metaplastic breast
carcinoma comprises a heterogeneous group of
tumors. In addition, some subtypes are more
aggressive than ICONST, including SpCC and MPC
[18-20].

SpCC of the breast presents a particular
challenge, as it affects the breast but has the features
of a soft tissue sarcoma. Compared with ICONST
lesions, both SpCC and MPC lesions tend to be
relatively large, in accordance with Gersell and
Downs’s findings [18,21]. It is important to consider
the disease stage when assessing survival after
treatment given that patients who present with
late-stage disease will likely have poorer outcomes
[20]. In our study, the five-year OS and PFS rates for
the three subtypes did not significantly differ.
However, we obtained different findings when we
assessed the patients with early-stage disease
separately from those with late-stage disease. For
those with late-stage disease, the survival rates for
SpCC and MPC were significantly lower than those
for ICONST, although the results were based on a
small number of patients. These findings are
consistent with those of previous studies [20].
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Figure 3. Progression-free survival (PFS) (a) and overall survival (OS) (b) curves for the three histological types.
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Figure 4. Overall survival (OS) (b, d, f, h) and progression-free survival (PFS) (a, ¢, e, g) curves for patients with EMT marker expression. OS (d) and PFS (a) curves
showing the poor prognosis of patients with positive Vimentin expression (p=0.042) and negative E-cadherin expression (p=0.04), respectively.
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Table 4. Univariate regression model of prognostic covariates in
TNBC patients

PFS oS
Biomarkers X2 P X2 P
Age 1.231 0.271 3.216 0.07
Grade 0.262 0.609 0.84 0.36
Size 23.580 <0.001 44.543 <0.001
TNM stage 29.613 <0.001 41129 <0.001
E-cadherin 4.237 0.04 2.304 0.129
Vimentin 0.893 0.169 4151 0.042
Slug 0.259 0.611 1.383 0.24
Twist 0.07 0.792 0.654 0.419

Table 5. Multivariate Cox regression model of TNBC patient
survival

Characteristics Outcome Exp (B) (95%CI) P

Size 0s 2.475(1.059-5.784) 0.036
PFS 1.746(0.878-3.472) 0.58

TNM stage 0s 6.465(2.729-15.316) <0.001
PFS 3.168(1.635-6.14) 0.001

E-cadherin 0s 0.697(0.225-2.163) 0.533
PFS 0.416(0.180-0.961) 0.04

On the basis of gene expression profiles,
Lehmann et al. [5] defined six new TNBC subtypes:
two basal-like (BL1 and BL2), two mesenchymal (M
and MSL), one immunomodulatory (IM) and one
luminal androgen receptor subtype (LAR). The M
and MSL subtypes are heavily enriched in compo-
nents and pathways involved in cell motility and
exhibit high expression of EMT-related genes [5].
The EMT is a critical process that occurs during
development and wound healing. In addition, it can
facilitate tumor cell invasion, spread and metastasis,
and therefore, it has been hypothesized to contribute
to tumor progression and chemoresistance [6,22,23].
The EMT is characterized by up-regulation of the
expression of Vimentin and E-cadherin repressor
molecules (snail/SLUG/TWIST) and down-regul-
ation of the expression of E-cadherin and other cell
adhesion molecules [13,24,25]. Features of the EMT
have been observed in a variety of cancers, including
esophageal [26], ovarian [27], colon [28], bladder [29]
and breast [7,8,30,31] cancer models. Although EMT
markers in TNBC had been studied in previous
studies, our research was focused on the expression
and clinical significance of EMT markers in special
histological subtypes of TNBC, such as metaplastic
breast tumor. In our study, we found that EMT
markers were highly expressed in special TNBC
subtypes such as SpCC and MPC.

Loss of E-cadherin occurs in 6% to 19% of
ICONST breast tumors [32]. In the present study,
membranous E-cadherin expression was suppressed
in 31.1% (52/167) of the TNBC tumors. In addition, it
was suppressed in 21.4% (31/145) of the ICONST

tumors excluding the SpCC and MPC tumors, in
which 92.9% (13/14) and 100% (8/8), respectively,
exhibited the loss of E-cadherin expression. Loss of
E-cadherin in ICONST tumors in this study is slightly
higher than previously reported values [32]. Previous
studies have suggested that the EMT is promoted
within a specific genetic context, such as in TNBC
[33-36]. Therefore, the fact that all ICONST tumors in
our study were TNBC might explain our results.
Obvious loss of membranous E-cadherin expression
was observed in the SpCC and MPC tumors
(p<0.001).

Vimentin is the mesenchymal marker most
commonly associated with the EMT. It is conveniently
abundant in connective tissue septa and in cells
associated with blood vessels but is usually absent
from the tumor parenchyma, and occasionally, it is
observed focally in the parenchyma [37]. A previous
study has reported that approximately 15% of
invasive breast tumors express Vimentin [38]. In the
current study, Vimentin was expressed in 30.3%
(44/145) of the ICONST tumors and in all of the SpCC
(100%, 14/14) and MPC tumors (100%, 8/8). A
previous histological analysis of human breast
carcinoma samples has revealed that Vimentin
expression predominantly occurs in high-grade ductal

carcinomas lacking ER [37]. All tumors were
moderate- to high-grade tumors with a TN
immunohistochemical phenotype. Therefore, the

finding of the high level of Vimentin expression in
this study is not surprising.

In the current study, nuclear accumulation of
Slug was observed in 19.3% (28/145) of the ICONST
tumors, 78.6% (11/14) of the SpCC tumors and 100%
(8/8) of the MPC tumors. Furthermore, nuclear
accumulation of Twist was observed in 40.7%
(59/145) of the ICONST tumors, 92.9% (13/14) of the
SpCC tumors and 100% (8/8) of the MPC tumors.
Slug and Twist were highly expressed in the SpCC
and MPC tumors. Compared to ICONST, SpCC and
MPC were significantly enriched for EMT markers
(»<0.001). These findings are consistent with those of a
previous study demonstrating that metaplastic breast
cancer is enriched in EMT markers (e.g., TWIST, snail
and SNAI2/SLUG) [39]. In addition, most metaplastic
breast tumors are TN for ER, PR, and HER2 [40]. This
TN status might contribute to the high expression
levels of EMT markers in TNBC. Interestingly, M and
MSL tumors have been closely linked to metaplastic
breast cancer [5]. We speculate that the SpCC and
MPC subtypes are molecularly related to the M/MSL
subtype.

The results of our study also demonstrated a
Slug- and Twist-mediated loss of E-cadherin and
Vimentin expression in TNBC, especially in
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metaplastic cancer. Slug has been suggested to be an
in vivo repressor of E-cadherin rather than snail in
breast carcinoma [24,41]. Twist expression results in
loss of E-cadherin-mediated cell-cell adhesion and
activation = of  mesenchymal markers  [42].
Furthermore, Vimentin expression is induced by Slug
and is required for Slug-induced EMT-associated
migration [25]. The results of this study revealed that
nuclear accumulation of Slug and Twist was inversely
correlated with membranous E-cadherin expression
(p=0.001; p<0.001) and up-regulation of Vimentin
expression (p<0.001; p=0.007). Based on the
associations of loss of membranous E-cadherin and its
cytoplasmic accumulation with nuclear Slug and
Twist expression, we hypothesized that Slug and
Twist are transcriptional suppressors of E-cadherin
and inducers of Vimentin in ICONST. These
relationships are more obvious in metaplastic
carcinoma than in ICONST.

In the current study, expressions of E-cadherin
and Vimentin were found to influence PFS and OS.
The patients expressing E-cadherin had better
outcomes (p=0.04). Conversely, increased Vimentin
expression was associated with a poorer prognosis
(p=0.042), consistent with the findings of a previous
study conducted by Kokkinos et al. [37]. These results
confirm the negative impacts of EMT on the prognosis
of TNBC. EMT markers were highly expressed in the
SpCC and MPC tumors in our study. Similar results
have been reported by Hennessy et al. [39]. These
findings might at least partly explain the poor
prognoses of these two histological subtypes, as
speculated in a previous study [39]. In our study, the
patients with positive Slug and Twist expression had
poor PFS and OS, although these findings were not
significant. Furthermore, tumor size (p=0.036), TNM
stage (p=0.001, <0.001) and E-cadherin (p=0.04) were
identified as independent prognostic factors for
TNBC in analyses using data adjusted for all
clinicopathological parameters. We will conduct
further research for the role of EMT in the prognosis
of TNBC patients.

Chemotherapy is the mainstay of systemic
treatment for patients with TNBC at all disease stages.

Abbreviation

AJCC: American Joint Committee on Cancer;
EMT: epithelial-to-mesenchymal transition; ER: estro-
gen receptor; ICONSTSs: invasive carcinomas of no
special type; HER2: human epidermal growth factor
receptor 2; MPCs: matrix-producing carcinomas; OS:
overall survival; PR: progesterone receptor; PFS:
progression-free survival; SpCCs: spindle cell
carcinomas; TN: triple-negative; TNBC: triple-
negative breast cancer.

The lack of targeted therapies and the poor prognosis
of these patients have prompted a major effort to
discover actionable molecular targets for the
treatment of patients with these tumors. In addition,
identification of groups of patients who are
candidates for specific treatment regimens continues
to represent another major research issue. Based on
the TNBC classification proposed by Lehmann et al.
[5], the 7 subtypes have very different predicted
pathological complete response (pCR) rates (high vs.
low) to current standard chemotherapy regimens [43].
These different subtypes have been reported to be
closely correlated with several specific histological
subtypes of TNBC [5]. The recognition of certain
specific subtypes of TNBC might allow for the
identification of women with extremely good or
extremely poor prognoses, which would facilitate the
selection of appropriate treatments for these patients.
Emerging evidence suggests that molecular and
phenotypic associations exist between the EMT and
chemoresistance in several cancers [44,45], and such
associations might be responsible for the resistance of
metaplastic TNBC to cytotoxic agents [16]. Specially,
late-stage SpCC and MPC, which are characterized by
high expression of EMT markers and poor prognosis,
should be treated using more active and effective
agents. The molecular differences among the specific
TNBC subtypes may translate into the use of different
therapeutic approaches. In recent years, a number of
studies have focused on the identification of
molecules that might be effectively targeted in TNBC,
including targets of EMT regulation [36,46]. Our
findings provide a theoretical basis for the
development of treatments targeting the EMT in
TNBC. Furthermore, patients with SpCC and MPC
would gain much more clinical benefit from
EMT-targeted regimens. Therefore, the SpCC and
MPC subtypes might be the best candidates for
targeted therapies based on alterations in the EMT
and stem cell markers. However, these subtypes of
TNBC are rare tumors with extremely low incidences.
We realized that the sample size of SpCC and MPC in
this study was relatively small. Further studies in a
larger cohort are needed to validate our findings.
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