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Simple Summary: The process of epithelial–mesenchymal transition (EMT) is thought to influence
breast cancer tumor progression by affecting both tumor cells and the tumor microenvironment
(TME). We aimed to study the impact of EMT-related markers on a breast cancer cohort and specif-
ically analyze the involvement of Snail, Twist, ZEB1, N-cadherin, Vimentin, GRHL2, E-cadherin,
and EpCAM and their respective outcome on both immune infiltration of the TME and clinicopatho-
logical features. The inflammatory infiltrate was more often associated with poorly differentiated
carcinomas including triple-negative breast cancer (TNBC). The altered pattern of protein expression
of epithelial markers markedly influenced the magnitude of the inflammatory infiltrate found in the
TME. Overall, our data highlight the potential beneficial association of the EMT signature with the
immune inflammatory response. This may open new avenues for rational decision making in the
clinical use of immunotherapy in subsets of breast cancer patients, specifically TNBC.

Abstract: The impact of epithelial–mesenchymal transition (EMT) signature on the immune infiltrate
present in the breast cancer tumor microenvironment (TME) is still poorly understood. Since there is
mounting interest in the use of immunotherapy for the treatment of subsets of breast cancer patients,
it is of major importance to understand the fundamental tumor characteristics which dictate the
inter-tumor heterogeneity in immune landscapes. We aimed to assess the impact of EMT-related
markers on the nature and magnitude of the inflammatory infiltrate present in breast cancer TME
and their association with the clinicopathological parameters. Tissue microarrays were constructed
from 144 formalin-fixed paraffin-embedded invasive breast cancer tumor samples. The protein
expression patterns of Snail, Twist, ZEB1, N-cadherin, Vimentin, GRHL2, E-cadherin, and EpCAM
were examined by immunohistochemistry (IHC). The inflammatory infiltrate in the TME was assessed
semi-quantitatively on hematoxylin and eosin (H&E)-stained whole sections and was characterized
using IHC. The inflammatory infiltrate was more intense in poorly differentiated carcinomas and
triple-negative carcinomas in which the expression of E-cadherin and GRHL2 was reduced, while
EpCAM was overexpressed. Most EMT-related markers correlated with plasma cell infiltration of the
TME. Taken together, our findings reveal that the EMT signature might impact the immune response
in the TME.

Keywords: epithelial–mesenchymal transition (EMT); tumor microenvironment (TME); immune land-
scape; inflammatory infiltrate; breast cancer; biomarkers; protein expression; immunohistochemistry

1. Introduction

Breast cancer is a highly heterogenous and complex disease characterized by a wide
range of pathological and clinical features, unique morphological characteristics, distinct
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molecular subtypes, and varying responses to treatment [1]. Tumor progression is thought
to be driven by the process of epithelial–mesenchymal transition (EMT), which enables
epithelial cells to acquire mesenchymal features [2,3]. EMT is brought about by a switch
in the expression patterns of crucial genes, thus initiating a cascade of molecular, cellular,
and morphological changes in cells [4]. During EMT, epithelial cells lose their apical–basal
polarity and intercellular junctions, along with the acquisition of a mobile and invasive
phenotype, and a concomitant increase in cell self-renewal and emergence of heterogeneous
subpopulations [5,6]. EMT is a multistep dynamic process allowing carcinoma cells to
reside in various phenotypic states along the epithelial–mesenchymal (E–M) spectrum [7,8].
It is a reversible process, insofar as cells which undergo EMT can also undergo MET [8,9];
this dynamic reversibility has been coined epithelial-to-mesenchymal plasticity [10]. Pre-
vious work on breast cancers indicated that EMT is one of the most crucial biological
processes inducing stem-cell properties [11]. Apart from chemoresistance [12] and immune
evasion [13], EMT encompasses two of the most fundamental properties present in metas-
tasis: invasiveness and stemness [8,9]. It has been reported that a hybrid E/M phenotype
drives tumor initiation, allowing cell plasticity to differentiate into several lineages. The
aggressive hybrid double-positive CD24+/CD44+ E/M cells display enhanced plasticity,
metastatic capability, and stemness when compared to the fully epithelial CD24+/CD44−

cells or mesenchymal CD24−/CD44+ cells [8,9]. This “partial E/M” state has been linked
to collective migration, providing new insights into the relationships among tumor bud-
ding, cancer cell migration, and altered EMT marker expression using a simple novel
technique for the 3D assessment of the human tumor–host interface [6]. In their landmark
study, Godin et al. proposed a morphological approach, using sequential chromogenic
immunohistochemical multiplexing, which allows detection and quantification of cancer
cells endowed with the hybrid E/M phenotypes, thus supporting the use of a hybrid E/M
score as a promising prognostic biomarker for cancer patients [8].

In addition to its dramatic effect on tumor cells, EMT produces considerable changes
in the dynamic landscape of the tumor microenvironment (TME). In the early stages of
transformation, cytokines/chemokines secreted from tumor cells attract various immune
and stromal cells into the TME [14,15]. Later, the ensuing influx of immune cells provides a
conducive niche which fosters tumor progression, invasion, and metastasis. Thus, immune
cells may play an important role in determining the clinical outcome of the disease and the
response of the tumor to immuno- and chemotherapy [16]. A previous study using human
breast cancer cell lines and animal models showed that EMT promotes the occurrence of
an immune-suppressive TME [17].

EMT is an exceedingly complex phenomenon involving multiple components such as
extrinsic factors, signaling pathways, transcription factors, and target genes. One key event
in EMT is the so-called “cadherin switch” that leads to E-cadherin downregulation along
with paralleled N-cadherin upregulation [18]. This is facilitated by several transcription
factors such as Snail, Twist, and ZEB1 [19–22]. GRHL2 suppresses EMT via the direct
repression of ZEB1 expression and inhibition of the TGF-β pathway [23], whereas EpCAM
is involved in cadherin-dependent cell adhesions [24]. As for Vimentin, it is thought to
modulate tumor cell migration and to contribute to angiogenesis [25].

The impact of the EMT signature on the recruitment of inflammatory cells into the
TME of breast cancer is incompletely understood. Given the growing interest in the useof
immunomodulatory drugs for the treatment of subsets of breast cancer patients, it is of
major importance to understand the underlying tumor characteristics which dictate the
inter-tumor heterogeneity in immune landscapes and to utilize this knowledge for rational
decision making in the clinical use of immunomodulatory strategies [26].

Therefore, we sought to investigate the phenomenon of EMT as it relates to the
inflammatory infiltrate present in breast cancer. In particular, we wanted to (1) characterize
the phenomenon of EMT in breast cancer by analyzing the expression patterns of specific
transcription factors linked to EMT (Snail, Twist, ZEB1), as well as epithelial (E-cadherin,
GRHL2 and EpCAM) and mesenchymal (N-cadherin and Vimentin) markers, (2) determine



Cancers 2021, 13, 5099 3 of 23

the relationship between EMT and clinicopathological parameters such as histological type
and grade, molecular subtype, and onset of metastases, (3) evaluate the nature and intensity
of the immune response using a semiquantitative assessment of the inflammatory infiltrate
present in breast cancer, and (4) ascertain the impact of each EMT-related marker on the
inflammatory cell response.

In the present study, we showed that the inflammatory infiltrate was more developed
in invasive ductal carcinoma and was more often found to be associated with poorly
differentiated breast cancer including triple-negative carcinomas. The disruption of the
protein expression of Vimentin and specific epithelial markers markedly influenced the
magnitude of the inflammatory infiltrate found in the TME. Most of the studied EMT-
related markers point to a plasma cell infiltration of the TME.

2. Materials and Methods
2.1. Patients and Tissue Samples

A total of 144 consecutive cases, with primary invasive breast cancer, who underwent
mastectomy at the Hôtel Dieu Hospital and at the Centre Hospitalier de l’Université de
Montréal (CHUM) between 2001 and 2018 were included in the present study. Tissue mi-
croarrays (TMA) were constructed using representative formalin-fixed paraffin-embedded
(FFPE) tumor blocks of these cases, as previously described [27]. Clinical data of pa-
tients and tumor characteristics were retrieved from the patients’ medical records and
pathological reports. The histological grade was confirmed using Ellis’s Modified Scarff–
Bloom–Richardson–Elston grading system [28]. The immuno-histochemical staining of the
surrogate markers ER, PR, HER2, and Ki-67 was used to classify breast cancer tumors into
the different molecular subtypes: luminal A, luminal B, HER2-positive, and TNBC [29,30].
The study was approved by the CHUM ethics committee (SL 05-019), and all data were
retrospectively analyzed.

2.2. Assessment of the Inflammatory Infiltrate in the Tissue Samples

The inflammatory infiltrate was evaluated according to the guidelines of the Interna-
tional Immuno-Oncology Biomarker Working Group (2015) [31]. The overall assessment
was based on the semiquantitative measurement of stromal inflammatory infiltrate on
4 µmthick H&E-stained whole histological sections that were scanned at 40× magnifi-
cation (Nanozoomer® Digital Pathology; Hamamatsu Photonics K.K., Hamamatsu City,
Japan). For each section, the entire surface was evaluated to measure the intensity of the
inflammatory infiltrate expressed as a percentage whose denominator is the surface of
stromal tissue, and whose nominator is the surface occupied by the inflammatory cells.
Two groups were dichotomously defined on the basis of the immune infiltrate: mild (<10%)
or intense (≥10%). The following regions were excluded: necrotic/hemorrhagic regions,
those containing artefacts, infiltrate surrounding benign structures, normal lobules, and
regions containing regressive areas of fibrosis or hyalinization.

2.3. Characterization of the Inflammatory Infiltrate in the TME

The characterization of the inflammatory infiltrate was carried out using
immunohistochemistry-labeled tissue microarrays. We evaluated the presence of CD3+ T
lymphocytes, CD20+ B lymphocytes, and MUM1+ plasma cells. The immune infiltrate was
considered mild if the sum of the percentages of cells stained by these threemarkers was
less than 10%. In turn, it was considered intense if the sum was higher or equal to 10% [32].
At the same time, we assessed subsets of tumor-infiltrating lymphocytes (TILs) including
CD4+ helper T lymphocytes, CD8+ cytotoxic T lymphocytes, and FOXP3+ regulatory T
lymphocytes (Tregs). Double immunohistochemical labeling for CD4/CD8, FOXP3/CD4,
and CD20/CD3 was performed to evaluate the nature of the inflammatory infiltrate present
in the stroma of breast cancer and establish correlation with EMT-related markers included
in this study.
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2.4. Tissue Microarray

Sections (4 µm) from each paraffin donor block were stained with H&E, and a represen-
tative tumor area was identified. Duplicate or triplicate core punches, 1 mm in diameter, were
plucked from representative areas contained within each FFPE tumor block. The cores were
realigned into recipient blocks, according to the intended design of the map, using a Manual
Tissue Arrayer I (Beecher Instruments; Estigen OÜ, Tartu, Estonia). Blocks were next inverted
and incubated overnight in the oven at 40 ◦C over a glass slide. TMA blocks were allowed to
cool until they could easily detach from the glass slide. Tissue sections from each TMA were
prepared, and one slide from the block was stained with H&E to review the diagnosis and
confirm histological grades on all tissue samples. Additional representative sections from
each block were submitted to immunohistochemical (IHC) staining [27].

2.5. Immunohistochemistry

To assess the level of protein expression of the EMT-related markers and characterize
the immune infiltrate for each case of the cohort, IHC reactions for Snail, Twist, ZEB1,
GRHL2, E-cadherin, N-cadherin, Vimentin, EpCAM, CD3, CD4, CD8, CD20, FOXP3, and
MUM1, as well as β-catenin, were carried out on 4 µmthick histological sections of the
TMAs described above. IHC reactions were performed on the Bond RX Stainer (Leica
Biosystems, Buffalo Grove, IL, USA) and the BenchMark ULTRA IHC/ISH System (Ventana
Medical Systems, AZ, USA) according to the manufacturers’ instructions. The antibodies,
clones, dilutions, pretreatment, and treatment conditions, as well as the suppliers, are listed
in Table 1.

Table 1. List of antibodies used in the immunohistochemical staining.

Antibody Source Clone Dilution Unmasking Incubation
(min) * Detection Location of

the Staining

Snail
(AMAb91215)

Atlas antibody
Bromma, Sweden CL3700 1/3000 Citrate 30/15/15

Peroxidase
polymer

(HRP-DAB)
Nuclear

Twist
(ab50581)

Abcam
Cambridge, UK 1/1000 Citrate 15/0/8

Peroxidase
polymer

(HRP-DAB)
Nuclear

ZEB1
(ab180905)

Abcam
Cambridge, UK OTI3G6 1/1000 Citrate 15/8/8

Peroxidase
polymer

(HRP-DAB)
Nuclear

E-cadherin
(M3612)

DAKO Agilent
Santa Clara, CA,

USA
NCH-38 1/50 EDTA 60/30/30

Peroxidase
polymer

(HRP-DAB)
Membrane

N-cadherin
(ab225719)

Abcam
Cambridge, UK SP90 1/50 EDTA 30/0/15

Peroxidase
polymer

(HRP-DAB)
Membrane

EpCAM
(ab223582)

Abcam
Cambridge, UK

EPR20532-
225 1/500 EDTA 30/0/15

Peroxidase
polymer

(HRP-DAB)
Membrane

GRHL2 Sigma-Aldrich
St. Louis, MO, USA HPA004820 1/100 EDTA 30/0/15

Peroxidase
polymer

(HRP-DAB)
Nuclear

Vimentin
Bs-0756R

Bioss Antibodies Inc.
Woburn, MA, USA 1/500 Citrate 30/0/15

Peroxidase
polymer

(HRP-DAB)
Cytoplasm

β-catenin
Ventana Medical
Systems, Roche

Diagnostics, Canada
14 RTU EDTA 24/28

Peroxidase
polymer

(HRP-DAB)
Membrane
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Table 1. Cont.

Antibody Source Clone Dilution Unmasking Incubation
(min) * Detection Location of

the Staining

CD3
(PA0553)

Leica
Biosystems,

Newcastle, UK
LN10 BOND RTU EDTA Protocol F

Red polymer
(AP-Fast

Red)
Membrane

CD4
(M7310)

DAKO Agilent
Santa Clara, CA,

USA
4B12 1/50 EDTA 30/15/15

Peroxidase
polymer

(HRP-DAB)
Membrane

CD8
(GA623)

DAKO Agilent
Santa Clara, CA,

USA
C8/144B 1/200 EDTA 30/15/15

Red polymer
(AP-Fast

Red)
Membrane

CD20
(PA0200)

Leica
Biosystems,

Newcastle, UK
L26 BOND RTU Citrate

Peroxidase
polymer

(HRP-DAB)
Membrane

FoxP3
(ab20034)

Abcam
Cambridge, UK 236A/E7 1/100 EDTA 30/15/15

Red polymer
(AP-Fast

Red)
Nuclear

MUM1
(GA644)

DAKO Agilent
Santa Clara, CA,

USA
MUM1p 1/200 EDTA 48/32

Peroxidase
polymer

(HRP-DAB)
Nuclear

* Incubation primary antibody/secondary antibody/polymer; RTU: ready to use; HRP: horseradish peroxidase; DAB: 3,3′-
Diaminobenzidine tetrahydrochloride hydrate; AP: alkaline phosphatase.

2.6. Evaluation of the Immunohistochemical Labeling

A semiquantitative evaluation of the expression of each marker by IHC was carriedout.
For Snail and ZEB1 labeling, only nuclear staining was considered. The reaction was
considered positive when more than 10% of the neoplastic nuclei were labeled; the reaction
was considered negative otherwise [33]. The 10% cutoff was also applied for N-cadherin;
when more than 10% of the tumor cells displayed a circumferential membrane labeling,
the reaction was considered positive. The absence of membrane labeling or labeling
(continuous or discontinuous) occurring in less than 10% of tumor cells was considered
negative [33]. In order to evaluate E-cadherin, we relied on the loss of protein expression.
When compared to a positive internal or external control, the level of E-cadherin expression
was sorted out into three categories on the basis of the intensity of the staining and the
percentage of tumor cells labeled. Thus, the reaction was deemed (1) positive if the
circumferential membrane staining present in the tumor cells was comparable to normal
tissue or positive control tissue, (2) reduced if circumferential membrane labeling in tumor
cells failed to reach that observed in normal tissue (or positive control) and/or if the
labeling was heterogeneous, incomplete, or absent in more than 10% of the cells, and (3)
negative when there was a complete absence of membrane labeling [34].The evaluation of
Twist, EpCAM, and GRHL2 labeling was performed using the Histo-score (H-score), which
includes a range of scores varying from 0 to 300. This score was based on the evaluation of
two parameters: the percentage of cells labeled and intensity of the reaction. The level of
expression of the two markers was ascribed to one or the other of two groups: negative
(low) if the score was lower than 100 and positive (high) if the score was greater than
100 [35]. As for Vimentin, a semiquantitative evaluation of the cytoplasmic labeling was
used. Briefly, cases were classified into four groups: negative, i.e., no cytoplasmic labeling;
1+, less than 10% labeled tumor cells; 2+, 10–50% labeled tumor cells; 3+, more than 50%
of tumor cells with cytoplasmic labeling. Vimentin expression level was considered to be
positive in groups 1+, 2+, or 3+ [36].The level of expression of β-catenin was sorted into
four grades according to the intensity of the staining; (1) negative: absence of staining;
(2) membranous: circumferential membrane staining present in the tumor cells; grade
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1: loss of membranous staining; grade 2: cytoplasmic expression with or without loss of
membranous staining [37,38].

Double labeling was used to establish the CD4/CD8, FOXP3/CD4, and CD20/CD3
ratios. The CD4/CD8 ratio is the number of cells that show membrane expression of CD4
divided by the number of cells that show membrane expression of CD8. The FOXP3/CD4
ratio corresponds to the number of cells which display both membrane expression of CD4
and nuclear expression of FOXP3 divided by the total number of CD4-positive cells. The
CD20/CD3 ratio is based on the number of cells that show membrane expression of CD20
divided by the number of CD3-positive cells. MUM1 was used to determine the percentage
of plasma cells infiltrating the tumor stroma. It corresponds to the ratio of the area occupied
by MUM1-positive cells relative to the total area of stroma reported as a percentage. The
same principle generally applied for the assessment of CD3 and CD20.

2.7. Statistical Analysis

Statistical analysis was performed using SPSS software, version 25. The χ2 (chi-square)
test was used to assess the correlation between clinical–pathological data and studied
parameters such as the level of expression of EMT-related markers and the degree of
inflammatory infiltrate, as well as the association between these same parameters. In order
to assess the correlation between the level of expression of EMT-associated markers and
the different cell ratios described above, a comparison of the medians was selected using
IBM SPSS statistical software.

3. Results
3.1. Clinicopathological Characteristics of the Cohort

As a first step, we determined the clinical–pathological characteristics of the cohort, which
included 144 breast cancer cases. Most of these cases were diagnosed as infiltrating ductal
carcinomas (87.5%), while fewer cases were classified as invasive lobular carcinomas (9.7%)
or undifferentiated medullary-like carcinomas (2.8%). Half of the cohort (56.2%) consisted of
well to moderately differentiated carcinomas (grade I and II), while the remainder (43.8%)
were poorly differentiated (grade III). The evaluation of molecular subtypes indicated that
luminal A or B subtype predominated (63.2%), followed by TNBC (29.9%). The HER2-positive
subtype accounted for only 6.9% of cases. Only one-third (29.2%) of cases developed lymph
node metastases, while the remainder (67.3%) were node-negative (Table 2).

Table 2. The clinicopathological characteristics of 144 breast cancer patients.

Clinicopathological Characteristics Number (Percentage)

Histological subtype
Infiltrating ductal carcinoma (IDC) 126 (87.5%)
Infiltrating lobular carcinoma (ILC) 14 (9.7%)

Undifferentiated medullary-like carcinoma 4 (2.8%)

Histological grade
Grade I 31 (21.5%)
Grade II 50 (34.7%)
Grade III 63 (43.8%)

Molecular subtype
Luminal (A/B) 91 (63.2%)
HER2-positive 10 (6.9%)
Triple-negative 43 (29.9%)

Lymph node metastases
Yes 42 (29.2%)
No 97 (67.3%)

Not documented 5 (3.5%)
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3.2. Association between the Levels of Expression of EMT-Related Markers and the
Clinicopathological Criteria

To correlate the protein expression of the selected EMT-related markers and the various
clinical–pathological criteria, the level of expression of these markers was next evaluated
by IHC (Supplementary Figures S1 and S2I,II).

3.3. The Mesenchymal Markers N-Cadherin and Vimentin Were Associated with the Histological
Grade and the Molecular Subtype

Analysis of the IHC results showed that there was no significant relationship between
the level of expression of the mesenchymal markers Snail and Twist and the histological
subtype, histological grade, molecular subtype, or lymph node metastasis (p > 0.05). On
the contrary, the levels of expression of N-cadherin and Vimentin were associated with the
histological grade and molecular subtype. In fact, N-cadherin and Vimentin were found to
be overexpressed in grade III carcinomas (p = 0.033 and p < 0.0001, respectively) and the
triple-negative subtype (p = 0.001 and p < 0.0001, respectively) (Table 3, Figures 1 and 2).
Moreover, the level of expression of Vimentin was associated with the histological subtype
(p = 0.048). ZEB1 was detected in only one case of the cohort (Supplementary Figure S3).

Table 3. Correlation between the level of protein expression of mesenchymal markers and the clinicopathological criteria.

Clinicopathological Criteria
Snail Twist N-Cadherin Vimentin

Positive
N (%)

Negative
N (%)

Positive
N (%)

Negative
N (%)

Positive
N (%)

Negative
N (%)

Positive
N (%)

Negative
N (%)

Histological subtype
IDC
ILC
UC-MLC

25 (21.7%)
1 (9%)
0 (0%)

90 (78.3%)
11 (91%)
4 (100%)

52 (45.2%)
8 (61.5%)

0 (0%)

63 (54.8%)
5 (38.5%)
4 (100%)

15 (12.8%)
0 (0%)

1 (25%)

102 (87.2%)
13 (100%)
3 (75%)

28 (25.2%)
0 (0%)

2 (50%)

83 (74.8%)
14 (100%)
2 (50%)

p = 0.325 p = 0.95 p = 0.285 p = 0.048

Histological grade
Grade I
Grade II
Grade III

3 (12.5%)
7 (14.5%)
16 (38%)

21 (87.5%)
41 (85.5%)
42 (62%)

12 (44.4%)
25 (53.2%)
23 (39.6%)

15 (55.6%)
22 (46.8%)
35 (60.4%)

1 (3.8%)
3 (6.7%)
12 (20%)

25 (96.2%)
45 (93.3%)
48 (80%)

3 (10.4%)
1 (2.2%)

26 (48.2%)

26 (89.6%)
45 (97.8%)
28 (51.8%)

p = 0.149 p = 0.380 p = 0.033 p < 0.0001

Molecular subtype
Luminal A andB
Her2+

Triple-negative

12 (15%)
2 (22.2%)

12 (29.3%)

68 (85%)
7 (77.8%)

29 (70.6%)

40 (48.8%)
4 (40%)

16 (40%)

42 (51.2%)
6 (60%)

24 (60%)

3 (3.7%)
2 (20%)

11 (26.8%)

79 (96.3%)
8 (80%)

30 (73.2%)

4 (4.8%)
1 (12.5%)

25 (65.8%)

79 (95.2%)
7 (87.5%)

13 (34.2%)
p = 0.176 p = 0.617 p = 0.001 p < 0.0001

Lymph-node metastasis
Yes
No

9 (21.9%)
16 (18.8%)

32 (78.1%)
69 (81.2%)

21 (51.2%)
36 (41.9%)

20 (48.8%)
50 (58.1%)

2 (4.8%)
14 (17.9%)

40 (95.2%)
73 (82.1%)

7 (18.4%)
22 (24.7%)

31 (81.6%)
67 (75.3%)

p = 0.86 p = 0.42 p = 0.12 p = 0.58

IDC: infiltrating ductal carcinoma; ILC: infiltrating lobular carcinoma; UC-MLC: undifferentiated medullary-like carcinoma; p < 0.05 was
considered statistically significant.

3.4. The Epithelial Markers E-Cadherin, GRHL2, and EpCAM Were Associated with the
Histological Grade and the Molecular Subtype

Analysis of the association between the level of protein expression of the epithelial
markers and the clinicopathological parameters showed findings worthy of note. The
reduction in the expression of E-cadherin was more often observed in grade III carcinomas
and triple-negative carcinomas (54% and 60.5%, respectively; p = 0.001). All cases with a
low or negative expression level of GRHL2 were grade III (p = 0.001), and nine out of eleven
(81%) were triple-negative (p < 0.001). EpCAM was found to be overexpressed in grade
III and triple-negative carcinoma with values of 54% and 66.7%, respectively (p < 0.001).
Interestingly, our results showed a negative association of EpCAM expression with lymph
node metastases (p = 0.02), which underscores the intriguing role of EpCAM in lymph
node metastases (Table 4; Figures 1 and 2).
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Figure 1. Association between the protein expression of EMT-related markers and the histological grade.There was
no association between the level of expression of the mesenchymal markers Snail (p = 0.149) and Twist (p = 0.38) and
the histological grade. The mesenchymal markers N-cadherin and Vimentin and the epithelial marker EpCAM were
overexpressed in grade III carcinomas (p = 0.033, p < 0.0001, and p < 0.001, respectively). The reduction in the expression of
E-cadherin was more often observed in grade III carcinomas (p = 0.001). All the cases with a low or negative expression
level of GRHL2 were grade III (p = 0.001). Scale bars: 100 µm.
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Figure 2. Association between the protein expression of EMT-related markers and breast cancer molecular subtypes.
There was no association between the expression of the mesenchymal markers Snail (p = 0.176) and Twist (p = 0.617) and
the molecular subtypes. The mesenchymal markers N-cadherin and Vimentin and the epithelial marker EpCAM were
overexpressed in triple-negative carcinoma (p = 0.001, p < 0.0001, and p < 0.001, respectively). Areduction in the levels of
expression of E-cadherin was more often observed in triple-negative carcinomas (60.5%; p = 0.001), while 81% of the cases
with a low or negative expression levels of GRHL2 were triple-negative (p < 0.001). Scale bars: 100 µm.
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Table 4. Correlation between the level of protein expression of epithelial markers and clinicopathological criteria.

Clinicopathological Criteria
E-Cadherin GRHL2 EpCAM

Positive
N (%)

Reduced
N (%)

Negative
N (%)

Positive
N (%)

Negative
N (%)

Positive
N (%)

Negative
N (%)

Histological subtype
IDC
ILC
UC-MLC

75 (61.5%)
0 (0%)

1 (25%)

44 (36%)
4 (28.6%)
3 (75%)

3 (2.5%)
10 (71.4%)

0 (0%)

109 (90.8%)
14 (100%)
4 (100%)

11 (9.2%)
0 (0%)
0 (0%)

40 (33.3%)
0 (%)

2 (50%)

80 (66.7%)
13 (100%)
2 (50%)

p < 0.001 p = 0.408 p = 0.032

Histological grade
Grade I
Grade II
Grade III

20 (71.4%)
29 (59.2%)
27 (42.8%)

6 (21.4%)
11 (22.4%)
34 (54%)

2 (7.2%)
9 (18.4%)
2 (3.2%)

29 (100%)
48 (100%)
50 (82%)

0 (0%)
0 (0%)

11 (18%)

4 (14.3%)
4 (8.3%)
34 (54%)

24 (85.7%)
44 (91.7%)
27 (46%)

p = 0.001 p = 0.001 p < 0.001

Molecular subtype
Luminal A and B
Her2+

Triple-negative

55 (63.2%)
6 (60%)

15 (34.9%)

21 (24.2%)
4 (40%)

26 (60.5%)

11 (12.6%)
0 (0%)

2 (4.6%)

85 (98.8%)
9 (90%)

33 (78.6%)

1 (1.2%)
1 (10%)

9 (21.4%)

11 (12.9%)
3 (30%)

28 (66.7%)

74 (87.1%)
7 (70%)

14 (33.3%)
p = 0.001 p < 0.001 p < 0.001

Lymph-node metastasis
Yes
No

20 (47.6%)
53 (57%)

15 (35.7%)
34 (36.6%)

7 (16.7%)
6 (6.4%)

37 (88.1%)
88 (94.6%)

5 (11.9%)
5 (5.4%)

10 (24.4%)
53 (46.5%)

31 (75.6%)
61 (53.5%)

p = 0.16 p = 0.32 p = 0.02

IDC: infiltrating ductal carcinoma; ILC: infiltrating lobular carcinoma; UC-MLC: undifferentiated medullary-like carcinoma; p < 0.05 was
considered statistically significant.

3.5. Poorly Differentiated, HER2-Positive and Triple-Negative Carcinomas Were More Often
Associated with Inflammatory Infiltrate

Assessment of the inflammatory infiltrate in tumor tissue samples was next performed
to determine the percentage of infiltration and to classify cases into two categories, mild
(<10%) or intense (≥10%) inflammatory infiltrate, as previously described. This was
followed by studying the association between the clinical–pathological criteria and the
degree of inflammatory infiltrate evaluated on whole H&E-labeled sections and IHC-
labeled TMAs (Figure 3). The number of available cases to be evaluated by IHC was less
than thatavailable for evaluation by H&E due to fragmented or absent cores in the TMAs;
however, our findings showed consistency and comparable statistical significance. Our
results showed that the inflammatory infiltrate was more pronounced in invasive ductal
carcinoma than in invasive lobular carcinoma (p = 0.013 and p = 0.02, respectively), where
only one case showed an intense infiltrate. Likewise, poorly differentiated carcinomas,
HER2-positive carcinomas, and triple-negative carcinomas were more often associated
with a brisk inflammatory infiltrate detected by H&E (41.3%, 60%, and 41.9%, respectively;
p < 0.0001), as well as by IHC (49.1%, 66.7%, and 47.4%, respectively; p < 0.0001) (Table 5).

3.6. The Expression of Epithelial Markers Related to EMT Was Associated with the Degree of
Inflammatory Infiltrate

To explore the potential role of EMT as it relates to immune infiltration of the tumor mi-
croenvironment, we studied whether the levels of protein expression of the mesenchymal
and epithelial EMT-related markers were associated with the extent of the inflammatory
infiltrate. Our results indicated that there was no significant association between the mes-
enchymal markers and the degree of inflammatory infiltrate (p > 0.05) except for Vimentin
(Table 6). Cases with overexpression of Vimentin (42.9%) were associated with an intense
inflammatory infiltrate present on IHC-stained TMAs (p = 0.004); Regrettably, the statistical
significance could not be maintained upon studying the association with the degree of
inflammatory infiltrate measured on H&E-stained whole sections (p = 0.052). With regard
to the epithelial markers, our findings showed interesting results. In particular, cases with a
reduced level of expression of E-cadherin were associated with intense inflammatory infil-
trate detected on both H&E- and IHC-labeled sections (p = 0.005 and p = 0.03, respectively).
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Likewise, cases where the GRHL2 wasreduced or abolished were associated with intense
inflammatory infiltrate evaluated on both H&E- and IHC-labeled sections (p = 0.013 and
p = 0.001, respectively). In contrast, cases with overexpression of EpCAM were associated
with an intense inflammatory infiltrate assessed by both H&E and IHC (p = 0.037 and
p < 0.0001, respectively) (Table 6).

Figure 3. Inflammatory infiltrate in breast cancer. Representative images of fourcases showing whole H&E-stained sections
and IHC (single or double) assessment of immune cells on TMAs for the most abundant immune populations CD3
(red)/CD20(brown) and MUM1. (A) Mild infiltrate; (B) intense infiltrate with CD3high, CD20low, and MUM1low expression;
(C) intense infiltrate with CD3high, CD20high, and MUM1low expression; (D) intense infiltrate with CD3low, CD20low, and
MUM1high expression. Scale bars: 100 µm.

Table 5. Correlation between the clinicopathological criteria and the degree of the inflammatory infiltrate.

Clinicopathological Criteria
Inflammatory Infiltrate (H&E-Stained WS) Inflammatory Infiltrate (IHC-Stained TMAs)

Mild N (%) Intense N (%) Mild N (%) Intense N (%)

Histological subtype
IDC 100 (79.4%) 26 (20.6%) 84 (75.7%) 27 (24.3%)
ILC 13 (92.8%) 1 (7.2%) 13 (92.8%) 1 (7.2%)

UC-MLC 1 (25%) 3 (75%) 1 (25%) 3 (75%)
p = 0.013 p = 0.02

Histological Grade
Grade I 31 (100%) 0 (0) 24 (100%) 0 (0)
Grade II 46 (92%) 4 (8%) 44 (93.6%) 3 (6.4%)
Grade III 37 (58.7%) 26 (41.3%) 29 (50.9%) 28 (49.1%)

p < 0.0001 p < 0.0001
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Table 5. Cont.

Clinicopathological Criteria
Inflammatory Infiltrate (H&E-Stained WS) Inflammatory Infiltrate (IHC-Stained TMAs)

Mild N (%) Intense N (%) Mild N (%) Intense N (%)

Molecular subtype
Luminal A 64 (98.5%) 1 (1.5%) 58 (100%) 0 (0%)
Luminal B 21 (80.8%) 5 (19.2 5) 16 (76.2%) 5 (23.8)

HER2+ 4 (40%) 6 (60%) 3 (33.3%) 6 (66.7%)
Triple-negative 25 (58.1%) 18 (41.9%) 20 (52.6%) 18 (47.4%)

p < 0.0001 p < 0.0001
Lymph-node metastasis

Yes 31 (73.8%) 11 (26.2%) 26 (66.7%) 13 (33.3%)
No 80 (82.5%) 17 (17.5%) 66 (79.5%) 17 (20.5%)

p = 0.34 p = 0.19

IDC: infiltrating ductal carcinoma; ILC: infiltrating lobular carcinoma; UC-MLC: undifferentiated medullary-like carcinoma; WS: whole
sections; TMA: tissue microarray; H&E: hematoxylin and eosin; IHC: immunohistochemistry-stained using markers for the most abundant
cell populations (CD3, CD20, and MUM1). p < 0.05 was considered statistically significant.

Table 6. Association between the levels of protein expression of EMT-related markers and the degree of inflammatory infiltrate.

EMT-Related Markers
Infiltrate (H&E-Stained WS) Infiltrate (IHC-Stained TMAs)

Mild Intense Mild Intense

Snail

Negative 82 (78.8%) 22 (21.2%) 75 (78.9%) 20 (21.1%)

Positive 21 (80.8%) 5 (19.2%) 18 (72%) 7 (28%)

p = 1.000 p = 0.769

Twist

Negative 54 (75%) 18 (25%) 50 (71.4%) 20 (28.6%)

Positive 50 (83.3%) 10 (16.7%) 44 (83%) 9 (17%)

p = 0.34 p = 0.199

N-cadherin
Negative 94 (79.7%) 24 (20.3%) 85 (76.6%) 26 (23.4%)

Positive 12 (75%) 4 (25%) 11 (73.3%) 4 (26.6%)

p = 0.92 p = 1.000

Vimentin
Negative 84 (84.8%) 15 (15.2%) 78 (84.8%) 14 (15.2%)

Positive 20 (66.7%) 10 (33.3%) 16 (57.1%) 12 (42.9%)

p = 0.052 p = 0.004

E-cadherin

Negative 13 (100%) 0 (0%) 12 (92.3%) 1 (7.7%)

Reduced 33 (64.7%) 18 (35.3%) 29 (63%) 17 (37%)

Positive 64 (84.2%) 12 (15.8%) 54 (80.5%) 13 (19.5%)

p = 0.005 p = 0.03

GRHL2
Negative 5 (45.4%) 6 (54.6%) 1 (10%) 9 (90%)

Positive 105 (82%) 23 (18%) 94 (81%) 22(19%)

p = 0.013 p = 0.001

EpCAM
Negative 80 (84.2%) 15 (15.8%) 76 (83.5%) 15 (16.5%)

Positive 28 (66.7%) 14 (33.3%) 19(54.3%) 16 (45.7%)

p = 0.037 p < 0.0001

WS: whole sections; TMA: tissue microarray; H&E: hematoxylin and eosin; IHC: immunohistochemistry-stained using markers for the
most abundant cell populations (CD3, CD20, and MUM1). p < 0.05 was considered statistically significant.
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3.7. Association between the EMT-Related Markers and the Different Cells Which Constitute the
Immune Infiltrate of the TME

Next, we wanted to study the association between the seven markers of EMT and TIL
subsets which constitute the immune infiltrate of the TME. The comparison of the medians
for the CD4/CD8, FOXP3/CD4, and CD20/CD3 ratios showed interesting results with
regard to both N-cadherin and EpCAM. Cases that expressed N-cadherin weregenerally
more infiltrated with CD4 Helper T cells (p = 0.004) than negative cases. On the other hand,
cases that expressed EpCAM were more infiltrated with B lymphocytes (CD20) than cases
that failed to express this marker (p = 0.03). Otherwise, no significant differences could be
found between the groups expressing and not expressing the markers related to EMT.

Comparison of the medians for MUM1 showed that there was an association between
the level of expression of Twist, Vimentin, E-cadherin, EpCAM, and GRHL2 and the
percentage of plasma cells in the TME. The cases that expressed Twist and GRHL2 wereless
infiltrated by plasma cells (p = 0.039, p = 0.03, respectively). The cases that expressed
Vimentin and EpCAM were more infiltrated by plasma cells than the cases that did not
express them (p = 0.001, p = 0.008, respectively). Our data indicate that E-cadherin negative
lobular carcinoma subtype was not infiltrated by plasma cells (p = 0.005) (Table 7 and
Figures 4 and 5).

Table 7. Association between the EMT-related markers and the immune cell populations which constitute the inflammatory
infiltrate of the TME.

Snail Twist N-Cadherin Vimentin E-Cadherin Ep CAM GRHL2

CD4/CD8 p = 0.62 p = 0.24 p = 0.004 p = 0.25 p = 0.34 p = 0.52 p = 0.33

FOXP3/CD4 p = 0.38 p = 0.93 p = 0.09 p = 0.59 p = 0.25 p = 0.82 p = 0.64

CD20/CD3 p = 0.15 p = 0.53 p = 0.72 p = 0.05 p = 0.35 p = 0.03 p = 0.29

MUM1 p = 0.99 p = 0.039 p = 0.87 p = 0.001 p = 0.005 p = 0.008 p = 0.03

p < 0.05 was considered statistically significant.

3.8. Association between the Combined Epithelial and Mesenchymal Markers and the
Inflammatory Infiltrate

Next, we stratified the cases in our cohort into four groups on the basis of the expres-
sion patterns of E-cadherin and the fourmesenchymal markers (Snail, Twist, N-cadherin,
and Vimentin) as shown in Table 8. Group 1 represents cases whose tumors remained
in a largely epithelial state expressing only E-cadherin. Group 2, representing a hybrid
phenotype, was the group strongly associated with an intense inflammatory infiltrate
(34.7%). In contrast, all cases in Group 3, representing a lobular carcinoma phenotype,
showed a mild inflammatory infiltrate (p = 0.03). However, none of these four groups were
associated with specific TILs subsets CD4/CD8 (p = 0.2) and FOXP3/CD4 (p = 0.31).

3.9. The Staining Patterns of E-Cadherin and β-Catenin Are Associated and Positively Correlated

Given the complex interaction between β-catenin and E-cadherin, we wanted to
establish if there was an association between the four staining patterns of β-catenin and the
three staining patterns of E-cadherin. A positive correlation could be established between
these two markers (p < 0.0001), as shown in Table 9. All cases with E-cadherin-negative
labeling were also negative for β-catenin. As expected, E-cadherin-positive labeling was
associated with membranous β-catenin labeling. Furthermore, 51.2% of the cases with
reduced E-cadherin staining displayed reduced β-catenin labeling (Grade 1) (p = 0.02)
(Supplementary Figure S4). Regrettably, we were unable to investigate the association
between N-cadherin and β-catenin in our studied cohort due to the small number of cases
presenting with a positive N-cadherin expression pattern.
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Figure 4. Immunohistochemical assessment of the immune cells in the tumor microenvironment of breast cancer. Double
IHC labeling was used to establish the CD4/CD8, CD20/CD3, and FOXP3/CD4 ratios. Representative sections showing
high and low ratios of these markers. IHC labeling with MUM1 was used to determine the percentage of plasma cells that
infiltrate the tumor stroma. Scale bars: 50 µm.
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Figure 5. Association between the EMT-related markers and markers of immune cells present in the TME using the
independent samples median test. Cases that expressed N-cadherin were generally more infiltrated with CD4 helper T cells
(p = 0.004) than negative cases, while cases that expressed EpCAM were more infiltrated with B lymphocytes (CD20) than
cases that failed to express this marker (p = 0.03). Cases that expressed Vimentin and EpCAM were more infiltrated with
plasma cells than those that did not express them (p = 0.001, p = 0.008, respectively), where as cases that expressed Twist and
GRHL2 were less infiltrated by plasma cells (p = 0.039 and p = 0.03, respectively). Cases that did not express E-cadherin
were not infiltrated by plasma cells (p = 0.005). *,◦: outliers.
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Table 8. Association between the different groups and the degree of inflammatory infiltrate assessed by IHC.

Inflammatory Infiltrate
p-Value

Mild Intense

Group 1: E-cadherin positive + absence of expression of 4 mesenchymal markers 39 (84.7%) 7 (15.3%)

p = 0.03
Group 2: E-cadherin positive or reduced + presence of 1 or more mesenchymal markers 32 (65.3%) 17 (34.7%)

Group 3: E-cadherin negative+ absence of expression of 4 mesenchymal markers 11 (100%) 0 (0%)

Group 4: E-cadherin reduced + absence of expression of 4 mesenchymal markers 14 (77.8%) 4 (22.2%)

p < 0.05 was considered statistically significant.

Table 9. Association between the patterns of expression of E-cadherin and β-catenin.

β-Catenin

Negative Membranous Grade1 Grade2

E-cadherin
Negative 9 (100%) 0 0 0
Reduced 4 (9.7%) 1 (2.4%) 21 (51.2%) 15(36.6%)
Positive 0 8 (12.3%) 29 (44.6%) 28 (43.1%)

p < 0.0001 (p = 0.02) *

* p-Value between the two groups of reduced and positive E-cadherin.

4. Discussion

Tumor immune landscapes vary tremendously in breast cancer, and it is of great
importance to study how the drivers of tumorigenesis interact to modulate the tumor
immune milieu [26]. Breast cancer is a highly complex and heterogenous disease, with
several molecular subtypes and even sub-subtypes; thus, understanding the impact of
breast cancer EMT signature on reprogramming the TME may enable personalized immune
intervention modalities.

The evaluation of the inflammatory infiltrate of the TME appears to hold promise
in terms of prognostic and predictive values in breast cancer [39–42]. Distinct molecular
subtypes of human breast cancer can be associated with a defined immune profile and acti-
vation status in the TME [26]. According to van Rooijen et al., triple-negative carcinomas,
which are generally poorly differentiated, exhibit high genomic instability that increases
the mutational load and the level of expression of tumor neo-antigens. This results in
the development of a strong immune response [43]. In contrast, tumors harboring the
estrogen receptor have been shown to promote a T helper2 (Th2) pro-tumorigenic immune
environment and to downregulate MHC class II expression in breast cancer cells [44,45],
thus leading to a weaker immune response. Our results clearly indicated that the lobular
subtype was much less infiltrated than the ductal type. These results could be explained by
the predominance of the ductal subtype (87.3%) in our cohort and the fact that the lobular
subtype is generally well differentiated.

Among our studied cases, the tumors, representing a hybrid phenotype, were highly
associated with intense immune infiltrate. A recent study elucidated that, in breast cancer,
the hybrid phenotype can be endowed with a highly immune-evasive character through
increased PD-L1 levels [46]. Tumors can facilitate the accumulation of immune-suppressive
cells, inhibit the function of effector T cells, or induce a population of tolerogenic cells that
result in immune escape of the tumor [47].

During tumor progression, cancer cells and the different TME cell types influence
each other to modulate the cell–cell junctions between cancer cells and those between TME
cell types and cancer cells [48].Our findings provide some original insights regarding the
impact of the EMT-related markers on theoverall and the cell-specific composition of the
immune infiltrate in the TME of breast cancer. Although both the cellular and humoral arms
of the immune system are involved in tumor development and progression [49], herein
we showed a strong association between most of the studied EMT markers and tumor-
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infiltrating plasma cells. EpCAM expression was positively associated with TNBC and with
infiltration of the TME by MUM1+ plasma cells and CD20+ TILs. Likewise, downregulation
of GRHL2 and upregulation of Vimentin were associated with plasma cell infiltration
and TNBC. These findings are in line with previous reports indicating the significant
elevation of CD20+ TILs in TNBC compared to other molecular subtypes [50]. Furthermore,
Bar et al. demonstrated the overexpression of miR-210 in MUM1+ immunoglobulin-
producing tumor-infiltrating plasma cells in TNBC [51], which suggests that tumor cells
might modulate miR-210 expression to influence plasma cell function. Alternatively, miR-
210 overexpression might stem from enhanced activation of plasma cells in the tumor
stroma, leading to increased immunoglobulin production [51].

Lobular carcinoma cases, which are typically E-cadherin-negative, were devoid of
plasma cells infiltration. Interestingly, the epithelial phenotype, represented by Twist
downregulation, was associated with plasma cell infiltration of the TME. Plasma cells or
B lymphocytes could assume pro-tumoral or anti-tumoral roles under certain conditions;
however, the factors driving the emergence of these phenotypes and the roles played by
plasma cells and B lymphocytes in these circumstances have yet to be unraveled [49]. At
any rate, the predictive and prognostic values of plasma cell infiltration in breast cancer
remains a challenging issue [49,52,53].

Given the success of monoclonal antibody-based immunotherapy, these results might
pave the road to the development of new interventions that are capable of exploiting the
humoral immune response in breast cancer [54].

The association between N-cadherin upregulation and CD4+ and CD8+ T cells is
intriguing. CD4+ T cells, either on their own or by cooperating with other immune cells,
constitute critical determinants of effective antitumor immune responses. The distinct
CD4+ T-cell subsets have diverse impact on tumor growth [55]. CD4+ T helper 1 (Th1) cells
play a role in protecting against tumor growth, whereas CD4+ Th2 [56] and CD4+ FOXP3+

Treg cells promote tumor growth [57]. Cytotoxic CD8+ lymphocytes have been considered
the main mediators of the immune surveillance directed against tumors [58]. We assume
that these tumors might have been infiltrated by CD4+ Th2 TILs and less infiltrated by
CD8+ lymphocytes since N-cadherin was associated with poorly differentiated tumors;
however, this hypothesis should be investigated in future studies. Chen et al. demonstrated
a molecular link between EMT and CD8+ TIL immunosuppression via the regulation of
PD-L1 in both human cell lines and animal models, thus creating a suppressive TME [59].

Understanding the strategies of tumor-driven reprogramming of the TME would be a
major step toward more successful guidance of different therapeutic modalities [46]. In
inflammatory breast cancer, which is a rare and aggressive type of breast cancer, a number
of pathways such as the JAK/STAT, COX2, and IL6 pathways are activated, which have
critical biological effects by supporting the escape of cancer cells from detection by the
immune cells in the TME [48].

For the moment, the molecular mechanisms linking the markers of EMT and the
immune system are still poorly understood. Most of the studies performed to date have
been conducted in animal models involving the implantation of tumors developed from
cell lines in which mesenchymal markers have been overexpressed. The tumors that have
arisen are sometimes epithelial and sometimes mesenchymal. Notably, it has been observed
that epithelial tumors are generally more infiltrated than mesenchymal tumors [17].

Our findings revealed that, using a semiquantitative assessment, our cohort could not
establish a firm correlation between the level of protein expression of Snail, Twist, or N-
cadherin and the degree of inflammatory infiltrate. On the contrary, there was a significant
correlation between the level of expression of Vimentin and specific epithelial markers
with the degree of inflammatory infiltrate. It has been suggested that the loss of E-cadherin
precedes the gain of mesenchymal markers in most tumor cells exhibiting morphological
features of EMT, thus facilitating their identification by the loss of E-cadherin staining
rather than by a gain of any single mesenchymal marker [60].
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The reduction in the expression of E-cadherin, which can be viewed as a hybrid EMT
state [61], was significantly associated with immune infiltrate of the TME. Of note, our results
are concordant with those of a previous study demonstrating an inverse correlation between
the inflammatory infiltrate and E-cadherin protein expression in gall bladder cancer [62].

The phenomenon of EMT manifests itself by the coordinated recruitment of different
genes and signaling pathways in each of the molecular subtypes of breast cancer. Even
though several studies have shown that overexpression of Snail, Twist, and N-cadherin
leads to aggressive cancer progression [18,63–65], our findings demonstrated that the levels
of protein expression of the transcription factors Snail and Twist failed to hold significant
association with the studied clinical–pathological criteria. N-cadherin, a recognized marker
of mesenchymal differentiation and strongly linked to cell mobility, was correlated with the
histological grade and molecular subtype. A conceivable mechanism is that N-cadherin binds
β-catenin molecules to stabilize cell adhesion. The overexpression of N-cadherin ensures a
pool of β-catenin for the functioning of the Wnt pathway, which, once activated, induces
the dissociation of the N-cadherin/β-catenin complex. The β-catenin molecules can then
translocate to the nucleus to activate the transcription of genes stimulating cell division and
growth [18]. Vimentin regulates cell migration via inhibition of focal adhesion-associated
proteins and contributes to angiogenesis through its role in Notch signal transduction and
induction of vasculogenic mimicry [25]. ZEB1 was expressed by tumor cells from a single case,
in our studied cohort, where the tumor stroma indicated the presence of a positive nuclear
staining for ZEB1. However, such EMT cells in the stroma are extremely difficult if not rightly
impossible to distinguish from fibroblasts which naturally express ZEB1.

E-cadherin has shown a significant association with most of the clinicopathological
parameters except for lymph node metastasis. A plausible mechanism is that E-cadherin
helps stabilize cell junctions and interacts via its cytoplasmic domain with β-catenin, where
it also competes with the Wnt signaling pathway. Since β-catenins are associated with
proto-oncogenes, they confer tumor-suppressing properties on E-cadherin. The reduction
in or even the loss of E-cadherin releases β-catenins into the cytoplasm, thereby activating
the Wnt signaling pathway to promote their passage to the nucleus [66]. Since the loss
of E-cadherin is a hallmark of lobular carcinoma [67], the correlation observed with the
histological subtypes appears to be significant. Interestingly, we demonstrated a positive
correlation between the levels of protein expression of E-cadherin and β-catenin, which
adequately supports the findings of previous reports [37,68].

GRHL2 plays a crucial role in the maintenance of the epithelial phenotype as it functions
as a regulator of the expression of cadherins [69]. Its direct interaction with E-cadherin may
help explain how suppression of GRHL2 promotes the aggressiveness of tumors. These results
support and expand previous observations showing that a complete EMT signature with
concomitant loss of epithelial markers was identified in the basal-like subtype of breast cancer
cell lines, while a partial EMT signature prevailed in luminal A/B subtypes [70]. EpCAM
expression showed a strong association with all the clinicopathological parameters. EpCAM
is known to stimulate the transcription and translocation of c-myc via its intracytoplasmic
domain which, after proteolytic cleavage, leads to cell proliferation [24,71]. The negative
association between EpCAM and E-cadherin expression is intriguing; in vitro studies have
shown that EpCAM negatively modulates E-cadherin-mediated adhesions and decreases
its cytoskeleton–bound fractions via disrupting the link between F-actin and α-catenin [72].
Another proposed mechanism is via activation of the Wnt pathway, which depends on the
availability of cytoplasmic α-catenin [73]. Consequently, EpCAM silencing significantly
reduces the availability ofcytoplasmic α-catenin, by increasing its association with E-cadherin,
thusabolishing those molecules needed for the Wnt pathway and, hence, shutting down the
activation of its target genes [74]. This negative correlation may explain the link between
EpCAM overexpression with tumor aggressiveness [75]. However, one would be hard-
pressed to explain how lymph node metastasis is inversely associated with the expression of
EpCAM. Abrogation of EPCAM has been associated with invasion and migration in MCF10A
cells [76]. Furthermore, EPCAM knockdown in esophageal and head and neck carcinoma
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cells resulted in an increase in their migratory capacity following Vimentin expression [77].
This study indicates that progressive loss of membranous EpCAM with the appearance of
cytoplasmic positive speckles provides evidence of EpCAM endocytosis and degradation [77],
which was more often observed in migrating and invading cells. In esophageal cancer,
whereas EpCAMhigh phenotypes are associated with proliferative stages during the initial
growth of the tumor, EpCAMlow/negative phenotypes are correlated with migration, invasion,
and dissemination [77].

The present study has several strengths: the assessment of eight EMT-related markers
on tissue samples available from 144 breast cancer patients, as well as a prospectively de-
fined hypotheses and analysis plan. To our knowledge, this is the first study evaluating the
impact of EMT-related markers on the inflammatory infiltrate in the TME of breast cancer
using patients’ tissue samples. We also assessed the overall immune infiltrate on H&E-
stained whole sections and characterized the immune populations on IHC-stained TMAs
using sixmarkers. Lastly, we minimized the difference between the two studied methods
by evaluating multiple TMA cores widely distributed across the tumor complemented
with whole sections of the tumors.

However, our study is not without limitations. Although we selected eight repre-
sentative EMT-related markers, there are several other known EMT-related markers that
would have been interesting to evaluate in this context. Furthermore, a highly challenging
obstacle concerns the positive identification and distinction of tumor cells undergoing EMT
from stromal fibroblasts by IHC. Arguably, it is possible that we underestimated the extent
of labeled tumor cells, especially considering a marker like ZEB1. Evaluations on TMAs
have their own limitations; however, studies analyzing whole sections spanning the center
and margins of primary tumors from invasive breast cancer have shown highly concordant
IHC expression levels of EMT markers [78,79], which suggest that no change in our results
would have been obtained from the analysis of full-face tissue sections.

5. Conclusions

To conclude, the results presented herein show that deregulation of protein expression
of both epithelial markers and vimentin is significantly correlated with the nature of the
inflammatory infiltrate. Each breast cancer molecular subtype showed distinct patterns of
expression of EMT-related markers, as well as varying degrees of plasma cell infiltration.
Taken together, this suggests that the crosstalk across these genes, signaling pathways,
and the immune cells bear significant impact on the immune response mounted in the
TME and, hence, the aggressiveness of the tumor. The molecular mechanisms via which
these markers function in the TME are not yet fully understood and will require further
investigation. Nevertheless, these novel findings clearly identify some of the underlying
tumor characteristics which dictate the inter-tumor heterogeneity. A more complete charac-
terization of immune landscapes may open new avenues for rational decision making in
the clinical use of immunotherapy in subsets of breast cancer patients, especially TNBC.
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