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Purpose: Many breast cancers that are found in calcified lesions without mass and diagnosed by biopsy are
ductal carcinoma in situ (DCIS). By contrast, some patients are diagnosed postoperatively found to have invasive
lesion in the specimens. Epithelial-mesenchymal transition (EMT) acquisition has been implicated in the process
of progression from DCIS to invasive ductal carcinoma (IDC); however, a full assessment has not been described.
In this study, we compared the differences in marker staining between specimens with and without invasive le-
sions. Materials and Methods: The subjects were 43 patients with primary breast cancer who were diagnosed
with DCIS and underwent surgery. Immunostaining was performed using E-cadherin (E-cad) as an epithelial
marker and vimentin (Vim) as a mesenchymal marker. Twenty-four patients were assigned to the pure DCIS
group and 19 patients were assigned to the DCIS with invasion component group. The latter group was divided
into two subgroups, the invasive and non-invasive lesion subgroups. Results: E-cad was underexpressed (p<
0.001) and Vim was overexpressed (p =0.001) in the invasive lesion subgroup compared with the pure DCIS
group. Vim expression was showing a slightly higher tendency (p = 0.079) in the non-invasive lesion subgroup
compared with the pure DCIS group. Although E-cad was underexpressed in the invasive lesion subgroups (p =
0.001), Vim expression was showing a slightly higher tendency (p =0.151) compared with the non-invasive lesion
subgroup. Conclusion: In this study, it was suggested that EMT was acquired in the invasive lesion subgroup. E-
cad expression was the lowest in the invasive lesion group, followed by the non-invasive lesion subgroup and the
pure-DCIS group. Vim expression was the highest in the invasive lesion subgroup. The possibility was suggested
that specimens which were diagnosed as DCIS include invasive component when lesions were determined as be-
ing Vim-positive by immunostaining.

Key Words: ductal carcinoma in situ, invasive ductal carcinoma, epitherial-mesenchymal transition, E-cadherin,
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Introduction

Patients with breast cancer in whom calcified le-
sions without mass are detected by mammography
undergo stereotactic-guided vacuum-assisted core
biopsy (S-VAB) for pathologic diagnosis. Patients
who are pathologically diagnosed with ductal carci-
noma in situ (DCIS) are typically less malignant and
slowly progressive; therefore, they are usually com-
pleted with topical treatment. By contrast, some pa-
tients who have been diagnosed preoperatively
with DCIS have been found to have more malignant
lesion postoperatively following the detection of in-

vasive lesions in the surgical specimens, and have
required systemic treatment including adjuvant
therapy. However, to date there is no established
method to discriminate between them prior to sur-
gery. Patients are currently determined by postop-
erative pathology. Therefore, it is expected that it
would be useful to establish a procedure to detect
DCIS with invasive lesions prior to surgery.
Previous studies have shown that epithelial-
mesenchymal transition (EMT) is involved in the in-
vasive and metastatic potential of cancer cells to
the surrounding organs. EMT is a phenomenon pro-
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posed by Hay et al in early 1980s by which epithe-
lial cells can manifest morphological changes similar
to mesenchymal cells”™.

EMT is a process by which epithelial cells lose
their cell polarity and cell-cell adhesion, and gain mi-
gratory and invasive properties to become mesen-
chymal stem cells. EMT is divided into groups that
include developmental processes, i.e., embryonic de-
velopment, wound healing with fibrosis, and cancer
invasion and metastasis’.

Cancer cells acquire mesenchymal cell pheno-
types and promote invasion and metastasis®”. In
breast cancer, similarly to other cancers, EMT ac-
quisition is implicated in progression from DCIS to
invasive ductal carcinoma (IDC). EMT acquisition in
previous studies has been evaluated by im-
munostaining using E-cadherin (E-cad) as an epithe-
lial marker for EMT acquisition, and vimentin
(Vim), N-cadherin, smooth muscle actin and
ostonectin as mesenchymal markers”. Epithelial
markers Snail, SIP1 and Twist, which are E-cad
transcription factors, are also overexpressed in
EMT acquisition®™.

In this study, we performed immunostaining us-
ing E-cad and Vim, as epithelial and mesenchymal
markers, respectively, in postoperative specimens
from patients who were diagnosed with DCIS by S-
VAB. We compared the differences in marker stain-
ing in the postoperative specimens, as indicators of
EMT acquisition, between the group with and with-
out invasive lesions.

Materials and Methods

The study was approved by the institutional re-
view board (IRB) of Tokyo Women’s Medical Uni-
versity Hospital. Of patients in whom calcified le-
sions without mass were detected by mammogra-
phy, 318 underwent S-VAB in the Tokyo Women'’s
Medical University Hospital from January 2010 to
December 2013. Sixty-seven patients were diag-
nosed with DCIS and 43 of them underwent sur-
gery in our hospital. The surgical cases included 19
DCIS with an invasive component (DCIS invasive
group) and 24 cases of pure DCIS. The characteris-
tics of the cases are summarized in Table 1. Surgi-
cal procedures of mastectomy and partial mastec-

tomy were performed in 12 patients each in the
pure DCIS group, whereas mastectomy was per-
formed in 14 patients and partial mastectomy in 5
patients in the DCIS invasive group. Specimens in
partial mastectomy were collected by holoblastic
cleavage of 5 mm of tissue sliced vertically from the
line connecting the tumor and nipple.

Clinicopathologic information was obtained by re-
viewing medical records and from Hematoxylin and
Eosin-stained (H&E-stained) sections evaluated by
pathologists for the presence of invasive lesions and
for selection of specimens appropriate for im-
munostaining. The following histopathologic vari-
ables in the pure DCIS and DCIS invasive groups
were analyzed: tumor size of invasion, expanse of
DCIS component, DCIS grade, histopathologic inva-
sion, lymphovascular invasion, histological charac-
teristics of invasion component and biomarkers.
Hormone receptors were determined to be positive
if the rate of positive cells was at least 10% in the in-
vasive component using J-score. HER2 (human epi-
dermal growth factor receptor 2) was defined as
positive (2 +) based on HER2/neu protein overex-
pression in FISH (fluorescence in situ hybridization)
and positive (3 +) if the rate of positive cells was at
least 30% in the invasive component using Immuno-
histochemistry.

E-cad and Vim staining was evaluated in samples
from the pure DCIS group and in non-invasive and
invasive lesions in samples from the DCIS invasive
group. Immunostaining of formalin-fixed and
paraffin-embedded surgical specimens was per-
formed with anti-E-cadherin antibody (clone 36,
mouse, monoclonal; Ventana, Tucson, AZ, USA) and
anti-vimentin antibody (V 9, mouse, monoclonal;
Ventana) using an automated immunostaining ap-
paratus (Ventana NX20 Roche Diagnostics K.K.).

No definitive description of E-cad downregulation
was found in previous studies. In the pure DCIS
group and in non-invasive lesions in the DCIS inva-
sive group, E-cad expression is almost always posi-
tive. Therefore in this study, E-cad downregulation
was defined as<90% positive cells based on visual
evaluation. Vim expression = 10% was defined as

positive using visual evaluation, based on a previous
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Table 1 Characteristics of specimens

The pure DCIS group

The DCIS with invasion
component group

(number of cases) (number of cases)

Cases
Age (years)
Mean
Tumor size of invasion (mm)
T1lmic (<1 mm)
Tla (<5 mm)
T1b 6<T<10 mm)
Tlc (10<T<20 mm)
An expanse of DCIS component (mm)
Mean
DCIS grade
Low grade
Intermediate grade
High grade
Histopathologic invasion
g
f
Lymphovascular invasion
ly (=)
ly (+)
V(=)
v (+)
Histological characteristics of invasion component
Papillotubular
Scirrhous
Solid-tubular
Special type (Apocrine)
Special type (Mucinous)
Biomarkers (ER, PgR, HER2)
(). (+),0/1+
(+), (=), 0/1+
(), (+), 3+
(=) (=) 3+
»

(=) (=) 0/1+

24 19
42 to 82 41 to 74
62 575
0 6
0 5
0 6
0 2
2 to 80 3to75
41 39
12 8
5 4

7

24 8
0 11
24 15
0 4
24 19
0 0
10

6

1

1

1

15 11
3 2
2 2
2 3
2 1

DCIS: ductal carcinoma in sity, g: gland, f: fat, ly: [ymphatic invasion, v: vessel invasion, ER: estrogen re-
ceptor, PgR: progesterone receptor, HER2; human epidermal growth factor receptor 2.

report” (Fig. 1).

EMT marker expression was compared by chi-
square test and Fisher exact test among three
groups (pure DCIS, non-invasive lesions, and inva-
sive lesions) using IBM SPSS 22.0. All reported p
values are two-sided. p<<0.05 was considered to be
statistically significant.

Results

In the pure DCIS group, E-cad expression was
positive in 22 of 24 subjects and no Vim expression
was observed. In the invasive lesion group, E-cad
was underexpressed in 13 (684%) of 19 subjects,
while Vim was overexpressed in 8 (42.1 %) of 19 sub-

jects. Six of 19 subjects exhibited negative E-cad
and positive Vim expression. In the non-invasive le-
sion group, E-cad was underexpressed in 2 (105%)
of 19 subjects, while Vim was overexpressed in 3
(15.8%) of 19 subjects (Table 2).

E-cad was significantly underexpressed and Vim
was significantly overexpressed in the invasive le-
sion group compared to the pure DCIS group (p<
0.001, p=0.001). In contrast, the pure DCIS group
and non-invasive lesion group showed no significant
difference in E-cad expression (p = 0.602) or Vim ex-
pression (p = 0.079); with no expression of Vim ob-
served in the pure DCIS group and slightly higher
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Vim

Positive

Negative

Fig. 1 An appraisal standard of E-cad/Vim

Immunohistochemical staining was performed using anti-E-cad and anti-Vim antibodies in

formalin fixed and paraffin-embedded surgical specimens. Specimens that were E-cad posi-
tive in >90% cells were defined as E-cad positive. Specimens that were Vim positive in

>10% cells were defined as Vim positive.
E-cad: E-cadherin, Vim: vimentin.

Table 2 The expression of EMT markers between three groups

Epitherial marker

Mesenchymal marker

E-cad positive E-cad negative Vim positive Vim negative Total
(n) (n) (n) (n)
The pure DCIS group 22 2 0 24 24
The non-invasive lesion subgroup 17 2 3 16 19
The invasive lesion subgroup 6 13 8 11 19

EMT: epithelial-mesenchymal transition, DCIS: ductal carcinoma in situ, E-cad: E-cadherin, Vim: vimentin.

expression in the non-invasive lesion group. E-cad
was significantly underexpressed in the invasive le-
sion group compared to the non-invasive lesion
group (p = 0.001), while Vim expression did not dif-
fer significantly between these two groups (p =
0.151) (Fig. 2).
Discussion

The results of this study showed that 37.2% of pa-
tients with a preoperative diagnosis of DCIS had in-
vasive lesions in postoperative specimens with sig-
nificant changes in EMT marker staining '"".

Nineteen-30% of patients who were diagnosed as

DCIS preoperatively are diagnosed with invasive
ductal carcinoma postoperatively.

We examined the presence of EMT acquisition
using Immunostaining of E-cad, an epithelial
marker, and Vim, a mesenchymal marker. E-cad is a
typical adhesion molecule in epithelial cells involved
in cell-cell adhesion. E-cad expression has an inverse
correlation with cancer malignancy and is sup-
pressed by EMT acquisition; therefore, E-cad Is a
common marker for EMT. Analyses of E-cad tran-
scriptional regulation have shown that E-cad is pa-
thologically positive in epithelial cells and negative
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m ™. The pure DCIS group

*p=.001
p=.079 p=151 m™*: The non-invasive lesion
I group

w***: The Invasive lesion
group

Vim

Fig. 2 The expression of EMT markaers between three groups
E-cad was underexpressed (p<<0.001) and Vim was overexpressed (p=0.001) in the inva-
sive lesion subgroup compared with the pure DCIS group. Vim expression was showing a
slightly higher tendency (p=0.079) in the non-invasive lesion subgroup compared with the
pure DCIS group. Although E-cad was underexpressed in the invasive lesion subgroups (p

=(0.001), Vim expression was showing a slightly higher tendency (p=0.151) compared with

the non-invasive lesion subgroup.

in lobular carcinoma, a type of breast cancer. In this
study, patients with lobular carcinoma were ex-
cluded® ™. Vim is a cytoskeletal protein that is dis-
tributed in mesenchymal cells. It is a pathological
marker that is used for epithelial and nonepithelial
discrimination, and is expressed by cancer cells that
acquire mesenchymal characteristics from EMT""",

Choi et al compared EMT acquisition between
IDC and DCIS and showed significant underexpres-
sion of E-cad and overexpression of Vim, and that
EMT acquisition correlated with E-cad and Vim
staining in IDC”. A study of staining differences by
subtype showed strong EMT acquisition in ‘triple
negative’ breast cancer (negative for hormones and
HERZ2). However, there has been no previous com-
parison of EMT acquisition in postoperative speci-
mens of patients with early T1 cancer, such as
DCIS preoperatively diagnosed by S-VAB, 1ie,
among the pure DCIS, and invasive and non-
invasive lesion groups in this study.

The results of this study also suggested that
EMT was acquired in the invasive lesion group be-
cause of significant underexpression of E-cad and

overexpression of Vim in the invasive lesion group
compared with the pure DCIS group. Furthermore,
In patients with early cancer, including DCIS that
was detected as calcified lesions without mass, as
with the subjects of this study, E-cad and Vim ex-
pression In the invasive lesions differed from the
non-invasive lesions, similar to IDC. Therefore, it is
useful to evaluate E-cad and Vim staining for deter-
mining surgical procedures and adjuvant therapy.
E-cad expression was lowest in the invasive le-
sion group, followed by the non-invasive lesion
group, and the pure DCIS group, respectively. Vim
expression was not observed in the pure DCIS
group, but was overexpressed to a greater degree
in the invasive lesion group than in the non-invasive
lesion group. In the non-invasive lesion group, the
characteristics of H&E-stained sections were simi-
lar to those in the pure DCIS group. However, Vim
was expressed similarly to that in the invasive le-
sion group; consequently, immunostaining showed
EMT acquisition prior to characteristic changes in
H&E-stained sections. These results suggest that le-
sions diagnosed as DCIS by S-VAB include invasive
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lesions if EMT acquisition was determined by im-
munostaining. In future cases, examination of the
presence or absence of EMT acquisition may pro-
vide useful information for selection of surgical pro-
cedures, including performance of sentinel lymph
node biopsy (SLNB).

In this study, we investigated the possibility of
discriminating between subjects with EMT acquisi-
tion and partial invasive lesions, despite the preop-
erative diagnosis of DCIS, based upon differences in
E-cad and Vim staining, and showed the staining
tendency of the three groups.

Conclusion

E-cad and Vim staining has potential in evalu-
ation of the invasive potential of lesions prior to sur-
gery, in addition to H & E-stained sections. This
could provide very useful clinical information in de-
ciding surgical procedures and adjuvant therapy.
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TOBGYPRBEINTNE, Kaid, ERTIHEREEILER LD S NIER OMBBRAE LRI, BEIAR S
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RS EREES (REBREED) [ChF T, ZHICBAatoMEEZ R L. (ER) RIEHRE
Hoclid, FERERE L KL T Ecad 3FEBMET L (p<0.001), Vim d@EHRL Tz (p=0001). Z#EEE
REEBS T, FERER & B L C Vim BEIEVEIANCH 572 (p=0079). BEEERETS L REEERET
SOWE T, Ecad IHREHSTEEAMSET L (p=0001), Vim ZEHAIFPLPLENMAM TH-72 (p=0.151).
ki) R EER B A TiE, BEICEcad BREH - Vim BEBEVRDON-Z 200, LEMERTZESLT
WaEEz b ZHHICBWT, Ecad IZIFEERE, REFIFRELS, REHRERS OMICHEBIMET 3
BEAMA DNz, Vim EIEREH CEREIFALNT, fROMICEES LA TAEmIALRL. oz k
o, ERTIHRER & B S NRE BT, RERAICL D Vim BB A LNGEEIE, FORE
RIS Z & ATV A RREITRIE S e,
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