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P-cadherin expression and basal-like subtype in breast cancers
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Abstract Breast cancer is considered as one of the multi-

factorial diseases. The aim of the current study is to investi-

gate the association between P-cadherin and molecular

subtypes of breast cancer, especially the basal-like subtype.

Two hundred and thirteen breast–invasive ductal carcinomas

were involved in this study. The expressions of P-cadherin

were detected via immunohistochemistry. The 213 cases were

divided into luminal A, luminal B, HER2 overexpression

subtype, and normal breast-like and basal-like subtypes

according to the standard of molecular breast cancer subtypes.

In addition, the expressions of CK5/6 and CK14 were detected

to distinguish between the normal breast-like and the basal-

like subtypes. P-cadherin expression was found in 91 cases of

213 breast–invasive ductal carcinomas, with a positive rate of

42.7 %. P-cadherin correlated negatively with estrogen

receptor (ER) (p = 0.001) and progesterone receptor

(p = 0.001), whereas it positively correlated with histologic

grade (p = 0.003), NPI (p = 0.005), p53 (p = 0.038), and

Ki67 (p = 0.022). P-cadherin expression showed a strong

correlation with recurrence and distant metastasis (p =

0.009), and invasion of the vascular and soft tissues

(p = 0.004). Moreover, P-cadherin expression existed in the

basal-like and non-basal-like subtypes. During prognosis,

P-cadherin expression was associated with decreased disease-

free survival in patients (p = 0.009) and overall survival (OS)

(p = 0.005). In addition, multivariate analysis showed that

tumor grade (p = 0.021), ER (p = 0.015), clinical stage

(p = 0.001), and P-cadherin (p = 0.033) were significant

predictors of OS. The current data suggest that P-cadherin

may be used to distinguish the basal-like subtype and to

predict the outcome in view of the relationship with DFS and

OS. Furthermore, P-cadherin expression may be useful in

making treatment decisions.
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Introduction

Breast cancer has been considered as one of the most

common cancers and is one of the most leading causes of

disease worldwide. In China, especially in the metropolis,

the incidence rate of female breast cancer is in the first or

second place of all cancers [1]. Breast cancer has been

traditionally classified only according to its morphology.

The hormone receptor status and human epidermal growth

factor receptor-2 (HER-2) expression are important prog-

nostic parameters. However, breast cancers have different

clinical outcomes in routine practice despite the homoge-

nous morphologic characters and hormone receptors [2].

Moreover, breast cancer is a heterogeneous disease,

encompassing a number of distinct biological entities that
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are associated with specific morphological and immuno-

histochemical features and clinical behaviors [3–5].

A study related to the characteristics of breast cancer

gene expression was completed by Perou et al. [6]. The

results suggested that breast cancer should be divided into

four subtypes: luminal, basal-like, HER2 expression, and

normal breast-like subtypes. However, different molecular

subtypes vary in their prognosis and sensitivity to chemo-

therapy. On the other hand, Sorlie et al. [7] expanded the

number of test specimens and verified the results of Perou

in a study that included 78 cases of breast cancer. They also

verified the existence of two types of luminal, basal-like,

HER2 expression, and normal breast-like subtypes in

breast cancer, in a study of 115 patients.

The molecular classification was confirmed by other

scholars in the independent data system [9] and has been

gradually recognized by all. However, the concept of

molecular subtype was not suitable for application in

clinical pathology because it was proposed at gene level.

Differences exist in giving molecular subtypes to new

cases of breast cancer despite the gratifying results men-

tioned above, in which the primary reason is the lack of a

unified criterion of molecular subtypes. Thus, accurate

determination of the molecular subtypes based on these

existing traditional pathological parameters is still a con-

tention. Immunohistochemistry (IHC) was applied for

breast cancer molecular subtypes to facilitate the prognosis

of treatment because it had been widely used in clinical

pathology and is relatively mature.

Common clinicopathological parameters of breast cancer

have been generally considered to be related with certain

molecular subtype. ER and HER2 are generally considered

to be the features of basal cell-like and normal breast-like

subtypes [6–8, 10–18]. However, the identification of basal-

like breast cancer is still contentious. Sousa et al. [17]

reputed that the combination of CK5 with P-cadherin,

vimentin, or CK14 has been proven to be a reliable option

for distinguishing the basal phenotype, whereas others think

that the five-biomarker method (ER-/PR-/HER2-/CK5-/

EGFR-) was accurate [10, 12, 18]. Therefore, finding a new

prognostic indicator becomes a highlight of research field

for all cases, especially for subtypes.

Metastasis was seen as the most serious sign of poor

prognosis in the development of breast cancer. In the

beginning, tumor cells should step into the circulation from

the primary sites. Scholars believe that this phenomenon is

due to the change of cell and cell adhesion properties so

that cadherins may play an important role in tumor inva-

sion. Classical and desmosomal cadherins mediate cell–cell

adherin and classical cadherins, such as P-, E-, and

N-cadherin, which are the best characterized subtypes [19].

In addition, HER2 expression and basal-like subtypes have

the worst prognosis in the five mentioned subtypes [6], and

basal-like cancer is the most aggressive breast tumor type.

On the other hand, the abnormal expression of P-cadherin

has been found in a small subtype of breast cancer.

Microarray technology helps determine P-cadherin, which

was basically discovered in those named basal-like subtype

breast cancers (BLBC). BLBC tumors have poor prognosis

and do not have effective therapy [20]. Therefore, detecting

specific markers that are only expressed in basal cells

opens a new era in the diagnosis, prognosis assessment, and

treatment of breast cancer. Moreover, the study of P-cad-

herin in BLBC becomes an interesting topic.

Materials and methods

Tumor samples

Formalin-fixed, paraffin-embedded tissues of 213 non-

specific breast–invasive ductal carcinoma (IDC) samples

were obtained from Baodi Clinical Institute of Tianjin

Medical University and Cancer Hospital of Tianjin Medi-

cal University. All hematoxylin and eosin-stained sections

were reviewed by two senior pathologists, pertaining to

various kinds of clinicopathological parameters, including

histologic grade, lymph node metastasis status, HR and

HER2 status, and so on. Histologic typing and grading

were performed according to WHO 2003 version [21].

Thirty-three of the 213 IDC were classified as grade I, 127

as grade II, and 53 as grade III.

Nottingham prognostic index (NPI) was calculated

based on three factors: the size of the cancer, whether or

not the cancer has spread to the lymph nodes under the arm

(and if so, how many nodes are affected), and the grade of

cancer. The formula is: NPI = (0.2 9 tumor diameter in

cm) ? lymph node stage ? tumor grade [22].

Five cancer subtypes have been classified based on their

ER and HER2 expression [10]. A tumor would be classified

as luminal subtype in the condition of ER-positive. Luminal

subtype would be further classified as A and B, depending on

whether the HER2 overexpression exists or not. In addition,

the subtype would be named ‘‘HER2 overexpression sub-

type’’ when a tumor is ER-negative, and HER2 is overex-

pressed. On the other hand, if a tumor is ER-negative and has

no HER2 amplification, it would be classified as basal-like

and normal breast-like subtypes, which would be further

identified according to the two basal markers (CK5/6 and

CK14) [23]. However, if either one or both basal markers are

positive, the basal-like subtype would be distinguished,

otherwise, it is identified as normal breast-like subtype.

Overall survival (OS) was defined as the time (in

months) from the date of the primary surgical treatment to

the time of death from breast cancer. Disease-free survival

(DFS) was defined as the interval (in months) from the date
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of the primary surgical treatment to the first loco regional

recurrence or distant metastasis. All 213 cases were con-

tacted through letter or telephone for a median follow-up of

62 months.

Immunohistochemistry (IHC)

The expression of P-cadherin was analyzed using the mouse

anti-human monoclonal P-cadherin antibody (Thermo Sci-

entific, Lab Vision, USA) by IHC with a working dilution of

1:50. After de-waxing and hydration, four micron sections

were retrieved using a pH = 6 citrate buffer. The slides were

then cooled for 20 min under room temperature. Hydrogen

peroxide (3 %) was used to eliminate endogenous peroxidase.

The sections were then incubated with P-cadherin monoclonal

antibody for more than 12 h at a temperature of 4 �C. Finally,

DAB plus (maxin-bio, China) and hematoxylin counterstain

were used. Moreover, negative controls were performed using

PBS instead of P-cadherin. Normal breast tissue was used as

positive control for P-cadherin [24]. P-cadherin color is

located in the membrane with occasional cytoplasm. Either

membranous or cytoplasmic immunoreactivity was consid-

ered positive when more than 10 % of the neoplastic cells

expressed this marker [25]. Furthermore, Ki67 and p53

expressions were both observed using the method mentioned

above. ER, PR, and HER2 status were found from the archi-

val. Basal markers (CK5/6 and CK14) were positive if[10 %

tumor cells were colored. The positive controls of P-cadherin,

[24]CK5/6, and CK14 [12] were normal breast tissues. A

reagent company provided positive control slides to maintain

the expression of Ki67 and p53.

Statistical analysis

Pearson v2 or Fisher’s exact test was used to assess

P-cadherin expression correlation with each clinicopatho-

logic parameters. Rank data used Spearman test, and

Spearman test was used to analyze rank data. Kaplan–

Meier analysis was performed using log-rank test for the

comparison of linear treads with OS and DFS. Univariate

Cox proportional hazard ratio model was used for calcu-

lating the hazard ratio (HR) of each factor. All tests were

two-sided. A p value \0.05 was considered as a reflection

of a significant association. SPSS 13.0 statistical package

was used to perform the analyses.

Results

P-cadherin expression in breast–invasive ductal

carcinoma (IDC)

Ninety-one cases (42.7 %) of breast carcinomas in the

current experimental series were observed to be

Fig. 1 a Expression of P-cadherin in normal breast tissue (IHC

9100). b Expression of P-cadherin in grade II invasive breast cancer

(IHC 9200). c Expression of P-cadherin in grade II invasive breast

cancer (IHC 9200). d Expression of P-cadherin in grade III invasive

breast cancer (IHC 9400)
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P-cadherin-positive. P-cadherin expression was restricted

to the membrane with occasional cytoplastic staining.

Representative P-cadherin immunostaining is shown in

Fig. 1. In normal breast tissue, P-cadherin expression was

also found in the myoepithelial cells.

Correlation between P-cadherin expression

and clinicopathological variables

A negative association between P-cadherin expression

and ER (v2 = 11.660, p = 0.001), PR (v2 = 10.997,

p = 0.001) was noted (Table 1). In addition, an inverse

association between P-cadherin and histologic grade

(v2 = 11.698, p = 0.003), NPI (v2 = 10.457, p = 0.005),

p53 (v2 = 4.326, p = 0.038), Ki67 (v2 = 5.229,

p = 0.022), HER2 (v2 = 3.942, p = 0.047), LN stage

(v2 = 6.972, p = 0.031), and recurrence or distant metas-

tasis (v2 = 6.888, p = 0.009), vascular, and soft tissue

invasion (v2 = 8.232, p = 0.004) was also noted. How-

ever, no correlation was found between P-cadherin and

age, tumor size, and clinical stage (p[0.05).

P-cadherin expression in molecular subtypes

Two hundred and thirteen cases of breast cancer cells were

identified as 72 luminal A type, 27 luminal B type, 35

Table 1 Relation of P-cadherin immunostaining with each clinicopathological parameters in 213 invasive breast cancers

Variable Subgroup P-cadherin v2 p

Negative Positive

Age B50 69 50 0.055 0.815

[50 53 41

Tumor size B2 cm 31 25 1.207 0.547

[2 and B5 cm 76 59

[5 cm 15 7

Histologic grade I 25 8 11.698 0.003

II 76 51

III 21 32

Clinical stage I 16 17 1.628 0.443

II 79 52

III–IV 27 22

LN stage 0 66 34 6.972 0.031

1–3 24 19

[3 32 38

NPI Good 37 12 10.457 0.005

Moderate 57 45

Poor 28 34

ER Negative 53 61 11.660 0.001

Positive 69 30

PR Negative 67 70 10.997 0.001

Positive 55 21

HER2 Negative 93 58 3.942 0.047

Positive 29 33

p53 Negative 96 60 4.326 0.038

Positive 26 31

VI or soft tissue invasion No 98 57 8.232 0.004

Exist 24 34

Recurrence or DM No 87 49 6.888 0.009

Exist 35 42

Ki67 Negative 55 27 5.229 0.022

Positive 67 64

FOXA1 Negative 28 35 6.020 0.014

Positive 94 56

LN lymph node, NPI Nottingham prognostic index, VI vascular invasion, DM distant metastasis
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HER2 overexpression type, 36 basal-like type, and 43

normal breast-like type according to the HR, CK5/6, and

CK14 status. The expression of P-cadherin in various

molecular subtypes is shown in Fig. 2. Significant differ-

ence existed between the subtypes (v2 = 25.945,

p = 0.000). Difference also existed between the BLBC and

non-BLBC subtypes (v2 = 12.641, p = 0.000).

Patient’s outcome

The mean follow-up time was 2–74 months. DFS and OS

were significantly different between the classes of P-cad-

herin expression, as calculated through Kaplan–Meier.

P-cadherin-positive cases had shorter DFS and OS than

P-cadherin-negative cases. The log-rank and p values were

6.759, 0.009 and 7.873, 0.005, respectively (Figs. 3, 4).

The univariate analysis showed the tumor grade and

size, clinical stage, lymph node metastatic status, HR,

HER2, Ki67, NPI, and P-cadherin (HR = 2.202; 95 %

confidence interval (CI), 1.269–3.819; p = 0.005) as

significant predictors of OS. Multivariate analysis was

performed using a Cox regression model, which included

the tumor grade and size, clinical stage, lymph node met-

astatic status, HR, HER2, Ki67, NPI, and P-cadherin. The

analysis showed that the tumor grade, ER, and clinical

stage were significant predictors of OS (Table 2).

Discussion

The unity of various cellular processes is needed in the

course of tissue and organ formation, cell polarization,

aggregation, segregation, migration, and so on during

embryogenesis. Adhesion proteins take part in the pro-

cesses mentioned above [26]. The cadherins are a family of

transmembrane glycoproteins that mediate cell–cell adhe-

sion. Classical cadherins consist of E-, N-, and P-cadherin.

The first two cadherins were discussed largely in various

tumor-related literature, whereas P-cadherin gained the

concern of many scholars in recent years, especially its

relation with breast cancer.

Breast cancer is the most common disease in women in

some extent and endangers the health of women seriously.

In routine practice, pathology report card includes tumor

grade and size, lymph node metastasis status, HR and

HER2 expression status, and so on. However, doctors

cannot obtain enough prognostic and treatment response
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Fig. 2 Expression of P-cadherin in all molecular subtypes

Fig. 3 Kaplan–Meier plot for P-cadherin expression and breast

cancer DFS

Fig. 4 Kaplan–Meier plot for P-cadherin expression and breast

cancer OS

Table 2 Multivariate analysis for predictors of breast cancer OS

Variable HR (95 % CI) P

Grade 1.773 (1.089, 2.886) 0.021

Stage 2.232 (1.409, 3.536) 0.001

ER 0.422 (0.210, 0.846) 0.015

P-cadherin 1.850 (1.051, 3.257) 0.033
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news from traditional information. This phenomenon

indicated that breast cancer is a heterogeneous group of

tumors, which has diverse biologic behavior, outcome, and

treatment response. Therefore, extensive research was

carried out against this problem. Perou and Sorlie et al. [6,

7] proposed the concept of molecular subtypes through a

large number of experimental data, which opened a new

era in breast cancer research.

Many scholars have observed the P-cadherin expression

in various tumors. However, its role in the process of

carcinogenesis is not clear because it is difficult to achieve

uniform results on account of different reactions in various

models. For example, in malignant melanoma, P-cadherin

functions as a tumor suppressor gene, inhibiting invasion

and metastasis [27]. However, in other studies, P-cadherin

displays as an enhancer in cell invasion and tumor

aggressiveness, particularly in breast tumor [24]. Thus,

some putative value of P-cadherin in diagnosis, prognosis,

and treatment needs further experiments for confirmation.

Abnormal P-cadherin expression is detected in approxi-

mately 30 % of breast cancer cell lines; however, the

positive rate of coverage varies [26]. Earlier studies

showed that P-cadherin-positive rate was below 20 %, but

with the appearance of P-cadherin monoclonal antibody,

the positive rate of IDC becomes 30–50 %. In the current

study, P-cadherin (Clone 56 monoclonal antibody) was

used to detect 213 cases of IDC; the positive rate was

42.7 %, which is consistent with literature reports. How-

ever, contrary to the findings above, Madhavan et al. [28]

have found that P-cadherin-positive rate was 71 %. The

cause of these contradicting results may be derived from

the use of polyclonal antibody, which produces cross

response with other cadherins.

The current study showed that the expression of

P-cadherin was inversely related to hormonal receptor,

which indicated good prognosis. In addition, P-cadherin

was positively correlated with high histologic grade, p53,

Ki67, and HER2, which indicated poor prognosis. This

phenomenon can infer that the expression of P-cadherin

indicates poor prognosis. This result is consistent with

many studies of scholars, such as that of Paredes et al. [24,

29–33]. Consequently, the value of NPI is proportional to

P-cadherin expression, which also supports the conclusion

mentioned above. P-cadherin expression was observed to

be positively related with lymph node metastasis, recur-

rence, distant metastasis, and vascular- and soft tissue

invasion group. This phenomenon infers that P-cadherin is

involved in tumor cell invasion. In the current research, a

negative co-relation exists between the expressions of

P-cadherin and FOXA1. Previous records and archives

indicated that FOXA1 is a transcription factor required in

the transcription process of ER mediation because it reg-

ulates ER. In clinical practice, patients of mammary cancer

with positive FOXA1 expression usually have better

prognosis [34]. Researches in vitro indicate that the

absence of ERa signal is related to abnormal expression of

P-cadherin. However, the mechanism of ERa signal sup-

pression resulting in such abnormal expression remains

unknown. The use of anti-estrogenic drugs in MCF-7 cell

line is found in the research of Albergaria A, which shows

that the alteration of CDH3 promoter configuration regu-

lates P-cadherin expression in a positively related manner.

Moreover, anti-estrogenic drugs could disable ER signals

and suppress ERa and thus produce an aggressive pheno-

type [31]. In light of the aforesaid relationships among

FOXA1, ERa, and P-cadherin combined with the negative

relationship between FOXA1 and P-cadherin observed in

the current study, the abnormal expression of P-cadherin

might be derived from the absence of FOXA1 expression.

The results vary with the relationship between the

P-cadherin and DFS or OS. An association between

P-cadherin expression and shorter DFS/OS was found in the

data of Paredes et al. [24], but failed to appear in the data of

Kovacs [29]. The current study showed that P-cadherin

expression was negatively correlated with longer DFS and

OS, which is consistent with the findings of Paredes et al.

[24]. Combined with the relationship with P-cadherin and

clinicopathological parameters extend the conclusion that

P-cadherin is an indicator of poor prognosis.

The basal-like and HER2 overexpression subtypes are

the worst prognosis of all breast cancers. Basal cell-like

subtype attracted attention of many researchers due to its

unique pattern of gene expression and poor prognosis [35,

36]. It has distinct biological characteristic and clinical

outcome, and further clinical research demonstrated that it

should be considered as a special subtype [35]. Although

the morphology of BLBC had been observed [37], no

uniform standard can be accepted widely. However, in the

routine pathological work, BLBC is needed to be distin-

guished as its poor outcome. In this group, the results show

that frequent P-cadherin expression is found in BLBC,

whereas a different analysis shows that P-cadherin

expression was associated with BLBC. Thus, it can be

concluded that P-cadherin can be applied to identify BLBC

in ER-/HER2- group.

Arnes et al. [38] suggested that P-cadherin combined

with p63 and CK5 can distinguish BLBC, whereas others

[12] maintain that only basal CKs could distinguish BLBC

without the expression of other markers. The inconsistency

mentioned above illustrates that bulk specimens are still

needed for a more accurate conclusion.

P-cadherin and other markers would be of assistance for

oncologists in more accurately predicting clinical outcome.

In addition, P-cadherin would be a novel target in the

treatment of breast cancer and a predicting marker for

identifying the basal-like subtype.
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