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Abstract Epithelial mesenchymal transition (EMT), as

defined by loss of epithelial characteristics and gain of a

mesenchymal phenotype, has been reported in vivo

although the occurrence of events remains unclear. This

study aims at exploration of EMT portraits of breast cancer

(BC) with relevance to different molecular pathways,

especially potential EMT triggers and BC molecular sub-

types. Immunohistochemical (IHC) expression of markers/

triggers of EMT was studied on a well-defined cohort of

invasive non-lobular BC (n = 1,035), prepared as tissue

microarrays. IHC panel of biomarkers included cadherins

(cad; E-cad and N-cad), TGFb1, PIK3CA, pAkt, and oth-

ers. Reverse phase protein array (RPPA) was performed for

quantitative analysis of proteins extracted from formalin

fixed paraffin embedded tissues of a subset of cases from

this cohort. Four combinatorial phenotypic groups

representing cadherin switch were defined, including

E-cad?/N-cad-, E-cad-/N-cad-, E-cad?/N-cad?, and

E-cad-/N-cad?. Statistically significant association was

noticed between these phenotypes and histological tumour

grade, tumour type and size and NPI staging classes. The

E-cad/N-cad switch occurred more frequently in the triple

negative molecular class, both basal and non-basal, and in

the HER2? subtype than in luminal BC. Significant out-

come differences were observed between cadherin switch

combinatorial groups regarding BCSS and DMFS

(p \ 0.001). Results of RPPA confirm those observed

using IHC regarding differential expressions of EMT

markers/triggers. EMT/cadherin switch programs in BC

appear to occur in synergy with TGFb1 and PIK3/Akt

pathways activation. These data explain, at translational

proteomic level, the molecular heterogeneity and in turn

the varied clinical behaviour of BC molecular subtypes.

RPPA is a promising high-throughput technique in moni-

toring subtle quantitative changes in protein expression in

archival material.

Keywords EMT � Immunohistochemistry � Cadherin

switch � Reverse Phase Protein Array � RPPA

Introduction

The term epithelial mesenchymal transition (EMT)

describes a sequence of events during which epithelial cells

lose many of their epithelial characteristics and gradually

gain those typical of mesenchymal cells [1]. This phe-

nomenon involves complex architectural and behavioural

cellular changes encompassing a wide spectrum of inter-

cellular and intra-cellular changes, which are probably

determined by diverse extra-cellular signals [2]. Loss of
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epithelial characteristics and gain of mesenchymal char-

acteristics confer invasive and migratory capacity to the

malignant cells [3]. However, it is noteworthy that EMT

does not necessarily denote a lineage switch; but rather a

series of complex changes manifesting through phenotypic

and functional alterations of malignant cells [1, 4]. EMT

has been described with much emphasis in tissue culture

and animal models using cancer cell lines [5, 6]. The

manifestation of EMT in tissue cultures prompted some

researchers to describe EMT as transient reversible process

[3] that is a mere cell culture phenomenon which lacks

direct clinical evidence or clear molecular markers in

breast cancer [7].

Whether EMT is a prerequisite of tumour progression or

not remains a controversial issue. For instance, EMT has

been considered as a key role-player in cancer dissemina-

tion from local to remote sites [8] or at least as one possible

mechanism explaining local invasiveness and progression

of cancer [6, 9]. Giampieri et al. [10] demonstrated the

impact of transient TGFb signalling; an EMT trigger, in

switching cancer cells from cohesive ’collective’ to ’single

cell’ motility, which is essential for blood-borne metasta-

sis. However, other authors [11] doubt its occurrence in

real cancers and progression without EMT has been

reported [12].

Insights into EMT triggering mechanisms indicate that

several complex signalling pathways are involved in the

initiation and execution of EMT in the contexts of cancer

development and progression. These molecular mecha-

nisms significantly overlap with those controlling cellular

adhesion, motility, invasion, differentiation and survival

[2, 13]. A number of specific molecular pathways and

transcription factors have been reported as ‘’EMT trig-

gers’’ including TGFb [14], Twist [15], PI3K/Akt [16] and

CTEN [17]. When expressed in a variety of cell types,

these factors act as transcriptional repressors of the epi-

thelial adhesion molecule E-cadherin and alter the

expression of a diverse number of genes denoting in-vitro

EMT with subsequent promotion of cancer invasion and

metastasis [17, 18].

Characteristic molecular phenotypic changes of carci-

noma cells have been reported to accompany cancer pro-

gression through EMT program. For instance, down-

regulation of E-cadherin and up-regulation of N-cadherin

or ’cadherin switching’, has been reported to enhance

cellular motility of mammary epithelial cell lines [19].

Other molecular changes that reflect an EMT-like pro-

grams have been described in cancer cell lines including

ovarian cancer cell lines [20], prostate cancer cell lines [21]

and melanoma cells [22]. In the breast, EMT has been

reported in some particular cancer molecular subtypes [23].

In view of the lack of exact identification of events

associated with EMT in vivo and its clinical relevance in

human breast cancer, the aim of this study was to elucidate

the molecular changes that could trigger or be a reflection

of EMT occurrence in early invasive breast cancer with

relevance to the known breast cancer molecular subtypes

and patients’ outcome. Relevant markers are assessed at the

protein level using immunohistochemistry (IHC) and

reverse phase protein array (RPPA).

RPPA represents a novel high-throughput technique that

allows simultaneous measurement of protein expression

levels in a large number of biological samples [24].

Minuscule amounts of proteins are individually spotted on

a nitrocellulose-coated microarray slide which is incubated

with a single specific primary antibody to detect expression

of the target protein across many samples [25]. Therefore,

depending on the design a single microarray can accom-

modate hundreds to thousands of samples that are printed

in replicate. Detection and quantification of antigen anti-

body reaction is performed using either a primary or a

secondary labelled antibody by chemiluminescent, fluo-

rescent, or colorimetric assays [26].

Patients and methods

This study was conducted on a well-characterised series of

early stage (pT1 and pT2) invasive non-lobular primary

operable breast carcinoma (n = 1,035) from patients

enrolled into the Nottingham Tenovus Primary Breast

Carcinoma Series that presented at Nottingham City Hos-

pital between 1990 and 1998. Patients were under the age

of 70 years and managed in a uniform manner. Patients’

clinical history and tumour criteria, information on therapy

and outcomes were available and prospectively maintained.

Histological tumour types consisted of 723 (69.9 %)

invasive ductal carcinomas no special type (NST), 196

(18.9 %) tubular mixed carcinomas, 54 (5.2 %) special

types of excellent prognosis (tubular carcinomas, mucinous

carcinomas, cribriform carcinomas and papillary carcino-

mas), 35 (3.4 %) medullary carcinomas and 27 (2.6 %)

mixed NST and special type carcinomas. Data on a wide

range of biomarkers of known clinical and biological rel-

evance to breast cancer were available [27].

Outcome data included survival status, survival time in

months, cause of death, recurrence free interval, time to

loco-regional recurrence and/or distant metastasis. The

breast cancer-specific survival (BCSS) is defined as the

time (in months) from the date of primary surgery to the

date of breast cancer-related death. DMFS is defined as the

duration (in months) from the date of primary surgery to

the appearance of distant metastasis. The patients had a

median age at diagnosis of 54 years (range 18–70 years)

with a median overall survival of 125 months (range

4–243 months) and the median time of event-free survival
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of 112 months (range 2-239 months). Distant recurrence

occurred in 375 cases (31 %), while 313 (26 %) patients

died from breast cancer, while 689 (59 %) patients were

alive at the end of follow-up.

This study was approved by Nottingham Research

Ethics Committee 2 under the title of ’Development of a

molecular genetic classification of breast cancer’.

Immunohistochemistry

The tissue markers’ panel used in this study is formed of 19

markers of close relevance to breast cancer biology and

prognosis in addition to those reflecting potential/proposed

EMT triggers in breast or other cancers. With the exception

of the anti-Ki67/MIB1 antibody which was assayed using

full face paraffin embedded sections, these markers were

assessed using TMA employing the standard Streptavidin–

biotin complex method as previously described [28, 29].

Table 1 shows these markers and the rationale behind their

inclusion in this study in addition to the antibodies sources

and clones used.

Scoring of IHC stained markers

IHC stained TMA cores were scored following the semi-

quantitative histochemical score (H-score) method which

takes the intensity of staining and percentage of stained

cells in consideration [33], giving a continuous measure

(0–300) of marker expression within the invasive tumours.

However, Ki-67/MIB1 labelling index (LI) was scored as

the percentage of positively stained nuclei in 1,000

malignant cells on full face sections.

Reverse phase protein microarray

This study was conducted on 49 cases of primary invasive

breast carcinoma patients selected out of a randomly

selected subset from the Nottingham primary series (one-

third of the cases included in this study, n = 345 case,

chosen using SPSS random sampling approach). These 49

cases were primarily chosen based on the availability of

paraffin blocks containing adequate tumourous tissue bur-

den (see below) for protein extraction that could be dis-

sected by macrodissection.

Invasive component dissection

From each block, one 4 lm section was cut and stained

with haematoxylin and eosin (H&E) to check for block

inclusion/exclusion and guide the process of macrodissec-

tion. For each block/case to be included, areas of invasive

tumour had to constitute at least 50 % of the overall area of

the tissue section. From each block, two 20 lm sections

were cut and mounted on glass slides. Under light

microscopy, the H&E sections were thoroughly scanned to

Table 1 Biomarkers included

to study the potential triggers/

markers of EMT in invasive

non-lobular breast cancer and

the rational of their inclusion,

their source and clone used

Those used in RPPA are

underlined

CTEN C-terminal tensin-like

Biomarker Rational of inclusion Antibody source/clone

(1) Key molecular pathways

PIK3CA Deregulations of these pathways/

molecular factors have been

implicated to trigger EMT using

tissue cultures or animal models

of breast cancer or other cancers

[13, 15, 16, 30]

Sigma-HPA009985

Mouse monoclonal00

pAKT-S474 Neomarkers-RB-10369-P1

Rabbit monoclonal

TGFß1 Abcam-Ab27969

Mouse monoclonal

TWIST2 Abcam-Ab57997

Mouse monoclonal

CTEN Abcam-Ab57940

Mouse monoclonal

(2) Molecules involved in cadherin switch

N-cadherin Gain of this molecule has been

reported to associate with

increased migratory capacity of

malignant cells in breast or

different cancer types [31]

Sigma-C3865

Mouse immunoglobulin

E-cadherin Its loss has been reported to be a

prerequisite for tumour cell

migration [32]

Sigma-C3865

Mouse monoclonal

(3) Housekeeping Protein

b-Actin Housekeeping protein Cell signalling- 4967

Rabbit monoclonal
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determine and mark the spots of invasive breast carcinoma.

Macrodissection was performed with the use of a dispos-

able scalpel blade, with strict contamination-free handling

conditions adopted throughout the procedure.

Protein extraction

Macro-dissected FFPE tissues representing each sample

were transferred into a labelled eppendorf tube. Tissues

were deparaffinised using 1 ml xylene (2 9 5 min), rehy-

drated in a graded ethanol series (100, 90, 70 %, 5 min

each) and centrifuged to remove excess ethanol. A total of

150 ll of freshly prepared Laemmli buffer [34] were added

and tubes sealed with plastic Parafilm prior to heating at

105 �C for 20 min. Samples were cooled for 5 min on ice,

then centrifuged, where fluid supernatant pipetted into a

new labelled sterile tube and stored at -80 �C.

Reverse phase protein microarray

49 SDS sample buffer was added to protein extracts in a

ratio of 1:3 and boiled for 5 min. Samples were loaded onto a

384-well plate (Genetix, UK), where each sample was seri-

ally diluted five times in 19 SDS buffer. Samples were

robotically spotted onto nitrocellulose-coated glass slides

(FAST Slides, Whatman, Schleicher and Schuell) using a

microarrayer (MicroGridII). Slides were incubated over-

night in blocking solution [1 g I-block (Tropix, Bedford,

MA, USA), 0.1 % Tween-20 in 500 ml PBS] at 4 �C with

constant rocking. After washing three times 5 min each, the

slides were incubated with primary antibodies. Table 1 lists

the used primary antibodies and their sources/suppliers in

addition to b-actin antibody as a control of protein loading,

diluted 1:500 in the same antibody diluent overnight at 4 �C

with shaking. All the used antibodies were diluted as 1:50.

Following washing, the slides were incubated with

diluted infrared secondary (800 CW anti-rabbit) antibody

for 30 min at room temperature in dark with shaking. Slide

were washed as before, dried by centrifugation at 5009 for

5 min and scanned with a Licor Odyssey scanner (LI-COR,

Biosciences) at 21 lm resolution at 800 nm (green). The

resultant TIFF images were processed with Axon Genepix

Pro-6 Microarray Image Analysis software (Molecular

Services Inc.) to obtain fluorescence data for each feature.

Protein signals were finally determined with background

subtraction and normalization to the internal housekeeping

targets using RPP analyzer, a module within the R statis-

tical language on the CRAN (http://cran.rproject.org/).

Statistical analysis

Statistical analysis was performed using SPSS 16.0 statis-

tical software (SPPS Inc., Chicago, IL, USA). Kaplan–

Meier plots were used to visualise the survival distribution

of the resulting clusters, with differences in survival esti-

mated using Log-rank tests. Cox proportional hazards

model was fitted to test confounders and statistical inde-

pendence and significance of these clusters as predictors of

BCSS and DMFS.

Results

To address the contribution of E-cadherin loss (E-cad-)

and N-cadherin gain (N-cad?) with relevance to specific

cancer classes and their impact on patients’ outcome,

tumours were defined based on their expression of both

proteins. The H scores of both markers did not follow

normal Distribution. Therefore, E-cadherin and N-cadherin

expressions were dichotomised at their median H-score

expressions (=100, where; E-cad or N-cad \100 was con-

sidered negative and C100 was positive expression). This

resulted in four combinatorial phenotypic groups (Table 2)

as follows;

Group 1: E-cad?/N-cad-,

Group 2: E-cad-/N-cad-,

Group 3: E-cad?/N-cad?,

Group 4: E-cad-/N-cad?.

Associations were noticed between these phenotypes

and tumour grade (p \ 0.001), tumour size and the Not-

tingham prognostic index (NPI) (p \ 0.001) (Table 3). The

association with the histological tumour type was statisti-

cally significant (p = 0.001); up to 39 % of tubular mixed

carcinomas and special type tumours of excellent prognosis

were E-cad?/N-cad-, denoting intact E-cad with no gain of

N-cad. However, up to 43 % of medullary carcinomas were

E-cad-/N-cad?, denoting E-cad- and N-cad up-regulation.

E-cad/N-cad combinatorial groups and BC Molecular

subtypes

A significant association was observed between E-cad/N-

cad combinatorial groups and breast cancer molecular

classes (v2 = 41.56, p \ 0.001) defined as: luminal (ER?

Table 2 Numbers and percentages of E-cad N-cad combinatorial

phenotypes within the studied series

Group/phenotype E-cad/N-cad status Number Percentage

1 E-cad?/N-cad- 316 30.5

2 E-cad-/N-cad- 279 27.0

3 E-cad?/N-cad? 203 19.6

4 E-cad-/N-cad? 237 22.9

Total 1,035 100

342 Breast Cancer Res Treat (2014) 145:339–348

123

http://cran.rproject.org/


and/or PR?/HER2-), HER2? (HER2 positive), Triple

negative (TN; ER-, PR-, HER2-) including basal (BLBC)

(TN and positive for CK5/6, and/or EGFR and/or CK14)

and non-basal (TN-non-basal) (negative for all five mark-

ers) [28, 35]. In this respect more than one-third (35.4 %)

of the luminal class were E-cad?/N-cad-, compared to up

to one-fourth (24.4 % and 24.2 %, respectively) of cases in

both E-cad-/N-cad- and E-cad?/N-cad?, of the HER2?

and TN subtypes, and one-fifth (20.7 %) in the E-cad-/N-

cad? group in the TN-basal subtype (Table 3).

IHC Expression of cadherin switch phenotypic groups

and expression patterns of EMT potential triggers

TGFb1 was found to be differentially expressed among the

different E-cad/N-cad combinatorial groups (ANOVA,

Table 3 Correlation between cadherin switch combinatorial phenotypes 1, 2, 3 and 4 and clinicopathological parameters of the studied series,

where: (1) E-cad?/N-cad- (2) E-cad-/N-cad- (3) E-cad?/N-cad? and (4) E-cad-/N-cad?

Parameter E-cad/N-cad combinatorial groups v2 (p value)

1 No. (%) 2 No. (%) 3 No. (%) 4 No. (%)

Patients’ age

B50 years 136 (33.8) 106 (26.4) 66 (16.4) 94 (23.4) 5.92 (0.116)

[50 years 180 (28.4) 173 (27.3) 137 (21.6) 143 (22.6)

Menopausal status

Premenopausal 140 (33.2) 114 (27.0) 74 (17.5) 94 (22.3) 3.32 (0.345)

Postmenopausal 176 (28.7) 165 (26.9) 129 (21.0) 143 (23.3)

Grade

1 71 (39.9) 55 (30.9) 29 (16.3) 23 (12.9) 20.18 (\0.001)

2 92 (33.7) 78 (28.6) 53 (19.4) 50 (18.3)

3 153 (26.2) 146 (25.0) 121 (20.7) 164 (28.1)

LN stage

1 (Negative) 184 (29.6) 182 (29.4) 114 (18.4) 140 (22.6) 6.67 (0.353)

2 (1–3 LN involved) 107 (33.1) 71 (22.0) 69 (21.4) 76 (23.5)

3 ([3) 25 (27.8) 26 (28.9) 19 (21.1) 20 (22.2)

Tumour size

B2 cm 206 (32.6) 174 (27.6) 126 (20.0) 125 (19.8) 9.44 (0.024)

[2 cm 110 (27.2) 105 (26.0) 77 (19.1) 112 (27.7)

NPI

Good (\3.4) 105 (36.4) 88 (30.4) 56 (19.4) 40 (13.8) 22.19 (0.001)

Moderate (3.41–5.4) 159 (28.2) 146 (25.9) 106 (18.8) 153 (27.1)

Poor (5.41–5) 52 (28.6) 45 (24.7) 41 (22.5) 44 (24.2)

Vascular invasion

Negative 199 (30.5) 188 (28.7) 114 (17.4) 154 (23.4) 6.75 (0.080)

Definite 115 (30.4) 91 (24.1) 89 (23.5) 83 (22.0)

Tumour type

Ductal NST 209 (28.9) 185 (25.6) 150 (20.7) 179 (24.8) 32.32 (0.001)

Tubular mixed 76 (38.8) 56 (28.6) 35 (17.9) 29 (14.8)

Medullary carcinoma 4 (11.4) 11 (31.4) 5 (14.3) 15 (42.9)

Excellent prognostic special typesa 21 (38.9) 17 (31.1) 10 (18.5) 6 (11.1)

Mixed NST and other special typeb 6 (22.2) 10 (37.0) 3 (11.1) 8 (29.6)

BC molecular type

Luminal 231 (35.4) 177 (27.2) 127 (19.5) 117 (17.9) 41.56 (\0.001)

HER2? 38 (24.3) 27 (17.3) 38 (24.4) 53 (34.0)

Triple negative 15 (24.2) 19 (30.6) 12 (19.4) 16 (25.8)

Triple negative-basal 28 (20.7) 47 (34.8) 21 (15.6) 39 (28.9)

a Include Invasive mucinous carcinoma, invasive cribriform carcinoma, invasive tubular carcinoma and invasive papillary carcinoma
b Excluding mixed NST and lobular
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F = p \ 0.001). It was found to be maximally expressed in

the E-cad-/N-cad- and E-cad?/N-cad? groups, while least

expressed in the E-cad?/N-cad-. For pAkt-S473, statisti-

cally significant differences were observed between E-cad/

N-cad combinatorial groups, with maximal expression in

the E-cad-/N-cad- and E-cad?/N-cad? groups while least

expressed in the E-cad?/N-cad-. Similarly, statistically

significant differences were observed between E-cad/N-cad

combinatorial groups regarding the expression of PIK3CA,

TWIST2 and CTEN with the differential expression pat-

terns similar to those of TGFb1 and pAkt-S473.

E-cad/N-cad combinatorial groups and patients

outcome

Significant association is identified between these combi-

natorial phenotypes and patients outcome in terms of BCSS

(LR = 9.09, p = 0.028) and DMFS (LR = 8.82,

p = 0.032). Interestingly, BCSS of patients with E-cad?/

N-cad- phenotype, signifying intact E-cad without N-cad?,

was not different from E-cad-/N-cad- phenotype (up to

70 % survival rate) (p [ 0.05). Similarly, survival of

E-cad-/N-cad?, representing E-cad- and N-cad? was not

different from E-cad?/N-cad? phenotype representing

intact E-cad with N-cad?; (58 % survival rate). Similar

patterns of metastasis free survival overlap between these

phenotypes were noticed after 10 years of follow-up

(Fig. 1).

Results of RPPA

Figure 2 displays scanned images of RPPA slides of the

studied proteins. The association between protein expression

levels of a specific protein (PIK3CA) and its downstream

effecter (pAkt-s473) showed significant direct association

(Spearman’s R = 0.798, p \ 0.001). Consistent with IHC,

RPPA showed variable mean expression levels of these

proteins amongst different molecular classes. E-cad

expression level was highly expressed in the luminal class

(mean = 394.11 pixel) with HER2? class expressed the

lowest level, contrary to N-cadherin that was highly up-

regulated in HER2? while minimally expressed in luminal

breast cancer (mean = 2,318.22 pixel and 1,412.26 pixel,

respectively). In addition, pAkt-S473 was maximally

expressed in luminal breast cancers (mean = 74.86 pixel)

while minimally expressed in TN-basal class (36.15 pixel)

with HER2? expressing intermediate values (mean = 47.72

pixel). PIK3CA was maximally expressed in HER2?

(mean = 26.75 pixel). However, TGFb1 was maximally

expressed in TN-non-B followed by the HER2?

(mean = 4,119.77 and 4,015.29 pixel, respectively); Fig. 3.

Discussion

The vast majority of breast cancer patients die from distant

metastatic spread rather than from their primary tumours.

Therefore, it is crucial to study the molecular mechanisms

Fig. 1 Kaplan–Meir survival

plot for BCSS (a) and MFS

(b) of cadherin switch

combinatorial phenotypes
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underlying metastasis to help developing specific thera-

peutic targets to halt the metastatic seeding of cancer. One

of the mechanisms that may enhance the cancer cells

capacity to disseminate is EMT. Through this mechanism,

it is believed that the migratory capacity is acquired by the

transition of malignant epithelial cells into a mesenchymal-

like state, thus enhancing their invasive capabilities [36].

Loss of epithelial characteristics coupled with gain of

mesenchymal markers has been reported to feature EMT in

different cultured cancer cell lines [5]. These changes have

been reported to be initiated by deregulation of diverse

molecular pathways. However, these phenotypic changes

and their triggering pathways are rarely fully observed

in vivo. As invasive lobular carcinoma is typically char-

acterised by loss of E-cadherin expression [37], an antici-

pated feature of EMT, a series of early invasive non-

lobular breast cancer cases (n = 1,035) with long-term

clinical follow-up has been chosen to study EMT using a

large panel of tissue markers (n = 19) using IHC and

RPPA.

Combinatorial phenotypic E-cadherin and N-cadherin

groups were significantly associated with tumour grade,

tumour size, NPI and histological tumour type. In this

respect, larger proportions of tumours of high grade, large

tumour size, and poor NPI were of the E-cad-/N-cad?

phenotype, denoting E-cad- and N-cad?. The reverse was

true where more proportions of tumours with lower grade,

Fig. 2 RPPA analysis for EMT

markers/triggers’ proteins in

breast cancer samples utilising

proteins extracted from macro-

dissected FFPE tissues. Proteins

were extracted from macro-

dissected FFPE samples

(n = 52; 49 invasive and 3

in situ BC) and immobilized

onto nitrocellulose slides at

distint positions. Each sample

was printed in duplicate. A

positive control lysate (SK-

HEp1 liver adenocarcinoma cell

line stimulated with external

stimuli (LPS, TNF a, IL-2 and

IL-8) was printed onto the array

for monitoring immunostaining

performance. Also negative

control (dilution duffer only)

was included in the array

Fig. 3 Bar charts representing expression levels of EMT markers/

triggers in different breast cancer molecular classes. Y axis represents

protein expression level (pixel). a Expression levels of E-cad and

pAkt-S473 in different molecular classes. b Expression levels of

PIK3CA in different molecular classes. c Expression levels of N-cad

and TGFB1 in different molecular classes
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smaller size and better NPI were of the E-cad?/N-cad-,

indicating intact E-cad expression without gain of the

N-cad. This pattern of association, where E-cad- and

N-cad? were associated with poor prognostic attributes of

the tumour. Moreover, regarding the histological tumour

types, up to two-fifths of tubular mixed carcinomas and

special type tumours of excellent prognosis retained E-cad

expression yet deemed negative for N-cad expression.

Conversely, similar proportions of medullary carcinomas

showed E-cad- with N-cadherin expression. In addition,

closely equal proportions (*30 %) of the same histologi-

cal types were of double negative (E-cad-/N-cad-) phe-

notype. Therefore, up-regulation of N-cad concomitantly

with E-cad- appears to be linked with tumour differenti-

ation, with medullary carcinoma and tubular carcinoma

representing two differentiation extremes [38], showing

significantly different proportions of cadherin switch phe-

notypes. Accordingly, these findings point to the privileged

occurrence of cadherin switching in medullary carcinoma,

a high grade type of breast cancer characterised by a

pushing border of invasion and typically display basal-like

biological features [39].

A significant association was observed between E-cad/

N-cad combinatorial groups and breast cancer molecular

classes. In this respect, more than one-third of the luminal

class was of the E-cad?/N-cad- phenotype compared to up

to one-fourth of cases in both of the HER2? and TN sub-

types. Contrasting this, the HER2?, the TN, and TN-non B

classes; in order, displayed higher proportions of the

E-cad-/N-cad? phenotype. Therefore, intact E-cad, with-

out N-cad?, was more observed the luminal BC in contrast

to other BC classes which displayed higher proportions

with E-cad- and N-cad?. Interestingly, findings of RPPA

study in a smaller subset of cases, although did not reach

statistical significance, showed differential expression

values of E-cad and N-cad amongst different BC molecular

subtypes. Their expression patterns recapitulated the find-

ings observed using IHC in the larger BC series. E-cad-

herin expression levels were reciprocally associated with

N-cadherin in both luminal and HER2? breast cancer

classes; where down-regulation of the former in HER2?

was coupled with up-regulation of the latter. Also, luminal

classes displayed the highest levels of E-cadherin and

lowest level of N-cadherin. Therefore, the RPPA technique

which can monitor subtle changes in protein expression on

quantitative basis revealed results denoting the privileged

occurrence of cadherin switch in certain BC subtypes

compared to others. These findings validate quantitatively

the findings observed and discussed within the context of

EMT markers/triggers [40]. In addition, these findings

might explain, at least in part, the adverse clinical outcome

and the inherent tendency of the HER2?, TN and TN-nonB

classes for progression.

Regarding EMT proposed triggers, immunohistochemi-

cal expression of TGFb1 was found to be significantly

expressed within cadherin switch combinatorial groups

with maximal expression in phenotypes with N-cad? irre-

spective of E-cad status. Moreover, IHC expression of

pAkt-S473, PIK3CA, TWIST2 and CTEN were signifi-

cantly expressed between these combinatorial groups with

patterns similar to those of TGFb1. Therefore, translational

changes of cadherin switch appear to occur synergistically

with activation of major molecular pathways; TGFb1,

Twist2, PIK3CA and pAkt-S473; pathways and transcrip-

tion factors reported to drive EMT program and probably

mainly through up-regulation of N-cad according to the

results of the current study [14, 16, 17, 30].

Moreover, cadherin switch combinatorial phenotypes

displayed significantly different BCSS and MFS, with

E-cad?/N-cad- showed the longest and E-cad-/N-cad?

showed the shortest survival. Interestingly, survival of

E-cad?/N-cad- phenotype was not different from E-cad-/

N-cad- phenotype. Similarly, survival of E-cad-/N-cad?

was not different from E-cad?/N-cad? phenotype. In other

terms, E-cad- appeared not to be the most crucial event

required for tumour progression and N-cadherin has a

dominant effect over the tumour suppressive E-cadherin.

In-vitro studies reported the persistence of proinvasive

actions of N-cadherin even in the presence of E-cadherin

[19].

These integrative molecular changes challenge some

prevailing views that propose repression of E-cadherin

[41], which is moderately retained in luminal, HER2? and

TN-Basal BC, or deregulation of a single molecular path-

way to be sufficient to explain higher tendency of certain

cancer types to disseminate than the other [17]. The find-

ings of this study are in line with our previous report which

showed that N-cadherin expression was the most influential

amongst other cadherins in determining the EMT pheno-

type [40].

Findings of this study illustrate, at translational level, the

occurrence of characteristic molecular changes indicative

of EMT-like profile that could elucidate heterogeneity and

varied clinical behaviour of breast cancer, therefore, could

help developing targeted therapies against EMT-associated

pathways. A subset of hormone receptor positive luminal

breast cancer preferentially displayed EMT markers/trig-

gers that could explain the indigenous tendency of this

subset for progression. Therefore, not only proliferation

and level of hormonal receptor expression but also an

EMT-like program is an additional indicator of heteroge-

neity within luminal cancers. Translational molecular

changes indicative of an EMT program, at least in the

studied series of clinical breast cancer samples, appear to

result from integration of a diverse array of molecular

pathways including TGFb1, PIK3/Akt, Twist2 and CTEN.

346 Breast Cancer Res Treat (2014) 145:339–348
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These appear to share variably in EMT execution in dif-

ferent molecular classes. RPPA is a useful method for

quantitatively comparing protein expression levels in FFPE

breast cancer tissue with relevance to different breast

cancer classes and distinct progression phases.
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