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1. INTRODUCTION 

 

1.1. GENERAL INTRODUCTION 

 

According to the latest world cancer statistics published by the International 

Agency for Research on Cancer (IARC) in 2012, breast cancer represents 11,9% of 

diagnosed cancers, which means approximately 1.7 million new patients every year 

worldwide. This makes breast cancer the second most common malignancy, and the 

most frequently diagnosed cancer among women. Breast cancer is also the leading 

cause of cancer death among women and accounts for approximately 520 000 deaths 

per year. Since the previous (2008) IARC world cancer statistics, the incidence of 

breast cancer has increased by 20%, while mortality has increased by 14% [1, 2]. 

There are different approaches to the classification of breast cancer based on 

conventional methods like histopathological/morphological appearance, degree of 

differentiation (grade), extent of tumor spread (stage), but there are also relatively 

new categorizations, e.g. the ones based on gene expression profiling and molecular 

subtyping. Every approach tries to stratify breast cancer by risk and prognosis. The 

more recent classifications try to categorize the disease at the molecular level and give 

important predictive information on the potential responsiveness of the tumors to 

different therapeutic modalities. 

As concerns the histopathological classification according to the 4th edition of 

the World Health Organization (WHO) Classification of Tumors of the Breast, 

invasive cancers not fulfilling the strict definition of one of the many specific 

histological types (e.g. lobular, tubular, mucinous etc.) are designated as invasive 

carcinoma of no special type (NST), formerly called invasive ductal carcinoma not 

otherwise specified. NST is the most common histological type comprising 

approximately 60% of invasive breast carcinomas. If a specific growth pattern of 

breast cancer represents more than 90% of the tumor, it can be classified as being of a 

specific type. These types of breast cancer are less frequently encountered, with 

invasive lobular carcinoma (ILC) being the most common, representing 10% of 

mammary cancers with other special types accounting for less than 1 to 5% each [3, 

4]. 



 12 

Classification of tumors according to the level of differentiation is called 

grading and is one of the oldest and most widely accepted histologic tools to predict 

the prognosis of a malignant neoplasm. Grading of cancers can be performed on the 

basis of histologic or nuclear features or both. In current breast pathology practice, the 

most frequently used three-tiered (grade 1-3) grading scale is the so-called combined 

histological grade (the Nottingham score system, or the Elston-Ellis modification of 

the Scarff-Bloom-Richardson grading system). This method is based on the complex 

evaluation and semiquantitative scoring of ”tubule formation” (glandular 

differentiation) and nuclear morphology combined with the mitotic activity of the 

tumor [5-7]. 

A staging system is a standardized method to describe the anatomic extent of a 

disease, i.e. how far cancer has spread. The most common system used is the TMN 

staging system, which classifies cancers according to their local size and some 

features of advanced disease (T category), lymph node involvement (N category) and 

distant spread (M category). Staging can be performed by physical examination, 

radiologic imaging studies and pathologic examination following breast surgery. 

Pathologic evaluation is considered to be the most accurate method for the staging of 

tumors [8, 9]. 

Molecular subtypes of breast cancer have been identified using gene 

expression profiling. The most reproducibly identified molecular subtypes are the 

luminal A, luminal B, human epidermal growth factor receptor (HER2)-enriched and 

basal-like groups. Luminal types are characterized by estrogen receptor (ER) driven 

carcinogenesis, whereas the latter two groups are hormone receptor independent and 

cluster as ER-negative subtypes. The molecular type of breast cancer is a valuable 

information to assess prognosis and determine the appropriate therapy [10-12]. 

As in routine histopathology practice gene expression profiling based breast 

cancer classification is not yet widely accessible, an approximations of molecular 

subtypes using immunohistochemistry (IHC) and in situ hybridization (ISH) has been 

proposed by Goldhirsch et al [13]. This surrogate IHC method for the determination 

of molecular subtypes uses ER, progesterone receptor (PR), HER2 and Ki67 

antibodies. The hormone receptor (ER/PR) positive luminal-like types are designated 

as luminal B-like on the basis of a high proliferation rate, using Ki-67, or HER2 
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overexpression/amplification, while luminal carcinomas with low Ki67 labeling index 

(LI) and HER2-negativity fall into the luminal A-like group. Hormone receptor 

negative cases overexpressing HER2 represent a so-called HER2-enriched type. 

Although the basal-like molecular type is frequently correlated with an ER, PR and 

HER2 negative IHC profile designated as triple-negative breast cancer (TNBC), the 

two categories cannot be equated. Many TNBCs do not fall into the basal-like breast 

cancer (BLBC) type [13, 14]. 

TNBC represents about 15% of breast malignancies [15]. By their negativity 

for the above-mentioned predictive factors, TNBCs are unsuitable for systemic 

therapies targeting the ER or HER2 pathways, and therefore identification of subsets 

that may be responsive to future targeted therapies is important. 

According to the definition of the WHO, tumors made up of cells characterized by 

abundant, intensely eosinophilic, granular or sometimes vacuolated cytoplasm, large 

nuclei and prominent nucleoli are designated as invasive carcinomas with apocrine 

differentiation or simply invasive apocrine carcinomas. ER and PR negativity, 

androgen receptor- (AR) positivity [16], with the co-expression of gross cystic disease 

fluid protein-15 (GCDFP-15) are considered as IHC criteria of apocrine 

differentiation. Somewhat more than half of apocrine carcinomas represent a 

subgroup of TNBCs and nearly half of them overexpress HER2 [17]. Recently a gene 

expression profile based category of molecular apocrine tumors has also been 

introduced [18]. Apocrine carcinomas represent a peculiar ER-negative, but AR-

positive molecular type of breast malignancies. These tumors are more closely related 

to luminal breast carcinomas, and they have a better prognosis [15, 19]. According to 

Lehmann et al, TNBCs can be divided into at least six distinct relatively stable 

molecular subtypes [19], and one of these is the luminal androgen receptor positive 

(LAR) set of cancers, to which many apocrine carcinomas belong to. Despite the ER 

and PR negativity, LAR tumors are characterized by AR positivity and active steroid 

hormone metabolism [20], which suggests that this subset of TNBCs may be 

responsive to some specific hormonal therapeutic options. 
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1.2. THE INVOLVEMENT OF GROWTH HORMONE-RELEASING 

HORMONE (GHRH) IN CARCINOGENESIS 

 

Growth hormone-releasing hormone (GHRH) has been implicated in 

carcinogenesis as a growth factor acting both indirectly through the neuroendocrine 

axis involving the pituitary release of growth hormone (GH) with subsequent 

expression of insulin-like growth factor 1 (IGF-1) in the liver, and more significantly 

directly through autocrine and paracrine mechanisms (Figure 1). 

 

Figure 1. (A) Indirect carcinogenetic pathway by the stimulation of pituitary 

GHRH-receptors and the neuroendocrine axis.  (B) Direct autocrine and paracrine 

pathways. 

Many cancers of extrapituitary tissues, including breast carcinomas, express 

GHRH and GHRH receptors (GHRH-R) [21-23]. The presence of both the full-length 

pituitary GHRH receptor (pGHRH-R) and its splice variants, predominantly the splice 

variant 1 (SV1) have been documented in breast cancer [22, 24-26]. As evidence of 

an autocrine/paracrine regulatory mechanism, it has been shown that the knocking 

down of the GHRH gene expression in breast cancer cell lines with small interfering 

ribonucleic acid (SiRNA) results in reduced cellular proliferation [27]. Similar effects 

are produced in prostate cancer and non-small cell lung cancer cell lines [23, 27]. As 

additional support for an autocrine/paracrine regulation, the transfection of the MCF7 

cells (originally devoid of GHRH-R) with the GHRH-R, results in increased cellular 

A B 
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proliferation after the addition of exogenous GHRH. This increase in proliferation is 

even greater when the transfection involves the SV1 receptor [28]. The transfection of 

MCF-7 cells with the SV1 receptor results in increased proliferation even without the 

addition of exogenous GHRH, suggesting a GHRH-independent activation of this 

truncated receptor [28]. Furthermore, GHRH-R antagonists have been found to be 

effective in the reduction of invasive and metastatic potential of human cancer cell 

lines in vitro by modifying cellular adhesion, migration and survival [29]. The 

antagonistic analogs of GHRH have been reported to consistently reduce or abolish 

the growth of several breast cancer models [26, 30, 31], and therefore such 

antagonists have been proposed as potential targeted therapeutic agents for breast 

carcinoma. 

The presence of the pGHRH-R and/or the SV1 receptor in cancer cells has 

been demonstrated by different techniques including RT-PCR [22, 24, 31, 32], 

Western blotting [26, 32], in situ hybridization [33], immunohistochemistry [25, 28, 

33, 34] and radioreceptor assays [35]. GHRH-Rs have been demonstrated in ER 

dependent as well as independent breast carcinoma cell lines [31], in both ductal NST 

carcinomas (in various histological grades) and ILCs [25, 33]. 

The presence of GHRH-R in breast carcinomas may therefore have potential 

systemic treatment implications with agents targeting the GHRH-R pathway. 

Although the presence of GHRH-R in breast cancer was documented before, no 

previous study systematically investigated the expression of the receptor in different 

subtypes of breast cancer before. 

 

1.3. THE p53 TUMOR SUPRESSOR GENE FAMILY 

 

The tumor suppressor gene family “p53” includes transformation-related 

protein 53 (TP53), transformation-related protein 63 (TP63) and transformation-

related protein 73 (TP73) genes that are responsible for encoding transcription factor 

proteins labelled as tumor protein 53 (p53), tumor protein 63 (p63) and tumor protein 

73 (p73), respectively [36, 37]. 
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The tumor suppressor p53 enforces its anti-oncogenic functions by arresting 

the cell cycle, initiating apoptosis and facilitating DNA repair through its effects on 

the transcription of other tumor suppressor genes [38, 39]. 

In contrast to the ubiquitous expression of p53, p63 and p73 are expressed in 

limited tissue types and share partially overlapping functions with p53 by 

upregulating numerous p53 target genes [40, 41]. TP63 encodes for three main splice 

variants TAp63α, TAp63 and TAp63γ, which differ in their carboxy-terminal 

domains and ΔNp63 also known as p40 isoforms resulting from alternative promoter 

usage which lack the N-terminal (transcription activation, TA) domain [42] (Figure 

2.). TAp63α and TAp63γ trigger anti-proliferative effect rendering them tumor 

suppressor proteins whereas the p40 isoform works as an oncoprotein and suppresses 

the transactivation activity of both TAp63 and p53 [43]. 

 

Figure 2. Schematic structure of the p53, p63 and p40 (ΔNp63 isoform) 

proteins. 

p63 is expressed in basal epithelia in a restricted pattern, and is utilized 

primarily as a marker of squamous [44], myoepithelial (MEC) [45], prostate basal 

[46] and urothelial cells [47] in current surgical pathology practice. 

In comparison to other MEC markers, p63 is slightly less sensitive but more 

specific than smooth muscle actin, smooth muscle myosin heavy chain and calponin 

[48]. p40 is the newest member of the family being used as an IHC marker and is 

reported to be superior to p63 for squamous differentiation in the differential 

diagnosis of non-small cell lung cancer [49]. 
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Many myoepithelial / basal cell markers are also expressed in a group of breast 

carcinomas representing a basal-like nature or myoepithelial differentiation [50]. The 

most widely accepted surrogate IHC markers to identify BLBCs amongst TNBCs are 

cytokeratin (CK) 5, 14, 17 and epidermal growth factor receptor (EGFR)[51, 52]. 

Although compared to CK5, p63 is only infrequently expressed by BLBCs, there are 

only scant data on the expression of p40 in these tumors. 

 

1.4. EXPRESSION OF CD10 IN BREAST TISSUE 

 

Cluster differentiation 10 (CD10) also known as neprilysin, enkephalinase, 

common acute lymphoblastic leukemia antigen (CALLA) or neutral endopeptidase 

(NEP) is a membrane-bound zinc-dependent metalloprotease enzyme that degrades a 

number of small secreted peptides [53, 54]. It is a fairly ubiquitous enzyme found on 

the surface of many different cell types including pre-B cells, germinal center B cells, 

neutrophils, T-cell precursors and epithelial cells of the kidney, stomach, colon, 

prostate and liver canaliculi as well as in stromal cells of the endometrium and 

myofibroblasts [55]. In humans, CD10-related DNA sequences are found on 

chromosome 3 [56]. Three different splice variants of CD10 have been identified, 

suggesting that CD10 expression may be controlled in a tissue specific manner [57]. 

Physiologically, CD10 plays an important role in the metabolism of signaling 

peptides like natriuretic peptides, angiotensins, bradykinin, endothelin, enkephalins, 

oxytocin, tachykinins, substance P, calcitonin gene-related peptide (CGRP) and 

vasoactive intestinal polypeptide (VIP), involving it in the extracellular regulation of 

a number of signaling pathways of the mammalian nervous, cardiovascular, 

inflammatory and immune systems [53, 55]. CD10 is involved in the pathogenesis of 

numerous non-neoplastic diseases such as diabetic nephropathy [58] and Alzheimer’s 

disease [59]. With IHC, it can be detected in many hematological malignancies [60-

62], soft tissue neoplasia (e.g. pleiomorphic undifferentiated sarcoma, fibrosarcomas, 

leiomyosarcomas and malignant peripheral nerve sheath tumors) [63], as well as in 

carcinomas of different organs, like the skin [64, 65], the lungs [66.], the pancreas 

[67], the liver [68], the stomach [69], the uterine cervix [70], the kidneys [71], the 

urinary bladder [72] and the prostate [73]. Such a wide spectrum of expression may 
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suggest a limitation in the usefulness of CD10 immunostaining in routine diagnostic 

pathology. 

As concerns the breast, CD10 has an important role in its development 

through modulation of cell growth and differentiation, and by having effects on 

epithelial-mesenchymal morphogenesis [74, 75]. CD10 is not only expressed by 

MECs but can also be detected on the surface of mammary stem cells, early common 

breast progenitor cells and in myoepithelial progenitors. CD10 protease maintains the 

early progenitor population in the human mammary lineage by degrading signaling 

proteins that would otherwise promote maturation [76]. A study using a mouse model 

has shown the involvement of oxytocin, a peptide cleaved by CD10, in the 

differentiation of MECs [77]. CD10 also has prognostic implications; its expression in 

breast tumor stromal cells is correlated with ER negativity, a higher grade and poor 

prognosis [78, 79]. CD10 has been shown to discriminate between benign, borderline 

and malignant phyllodes tumors of the breast and its expression has been found on 

IHC to correlate significantly with the occurrence of distant metastasis [80]. 

In diagnostic breast histopathology, CD10 IHC is used to identify MECs. 

Although MECs around normal structures (ducts and lobules) are nicely highlighted 

by this marker, in pathologic conditions such as ductal carcinoma in situ (DCIS), 

CD10 has a relatively low sensitivity as an MEC marker [81], and its specificity also 

seems compromised by the fact that, rarely, tumor cells also stain with the antibody 

[82], although the pattern of staining in the neoplastic mammary epithelium has not 

been widely studied. 

Apocrine epithelium has been described to be positive for CD10 [83], and 

Kalof et al. [81] clearly documented the consistent luminal staining of apocrine 

metaplasia. While studying breast lesions immunostained for CD10 as an MEC 

marker, we also recognized that paratumoral apocrine cysts demonstrated a strong, 

predominantly apical reaction, and we have also found traces of this staining pattern 

in the literature [81, 83]. To our knowledge, no previous studies have systematically 

examined CD10 expression of apocrine lesions. 
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2. AIMS 

 

The aims of the present thesis are listed as follows: 

To analyze a series of breast carcinomas for the expression of GHRH-R and to 

correlate the presence of these receptors to histological features and morphological or 

biological subtypes of breast cancers. 

To investigate a series of apocrine breast carcinomas for the expression of 

GHRH-R, because of the positive immunostaining of paratumoral benign apocrine 

epithelium noted during the course of the study. 

To test the maintenance of GHRH-R status of the primary tumors in lymph 

node metastases as a possible GHRH-R antagonist could also be useful in the 

treatment of metastatic patients. 

To compare the expression of p40 versus p63 in the MEC component of 

normal breast structures and in breast lesions with occasional absence of or decrease 

in the staining for some other MEC markers and to see whether p40 was also superior 

to p63 as a MEC marker. 

To assess and compare the expression of p63 versus p40 in TNBCs showing 

CK5 expression, i.e. in tumors that would be classified as BLBCs by the surrogate 

IHC based approach. 

To analyze a series of breast lesions with apocrine differentiation for the 

expression of CD10, both in the epithelial and the myoepithelial components and to 

explore how the immunostaining varied in benign, in situ and invasive malignant 

lesions. 
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3. MATERIALS AND METHODS 

 

3.1. GENERAL ASPECTS 

 

The conducted GHRH-R, p40 and CD10 expression related research was all 

carried out retrospectively using IHC. 

Tissue blocks obtained either from breast conserving surgery or total 

mastectomy specimens mainly from the archives of the Bács-Kiskun County 

Teaching Hospital and University of Szeged were used with the following exceptions: 

 For the GHRH-R expression study, breast carcinomas with apocrine 

differentiation were also obtained from the Department of Medical 

Sciences, University of Turin, Via Santena 7, Turin 10126, Italy. 

 For the p40 expression study, blocks of adenomyoepithelial lesions were 

also obtained from the Department of Pathology, University Hospital 

Center Sestre milosrdnice of Zagreb and the 2nd Department of Pathology 

of Semmelweis University, Budapest. 

Tissues were fixed in 10% neutral buffered formalin and embedded in paraffin 

(FFPE). Composite tissue microarray (TMA) paraffin blocks were also built up by 

extracting smaller cylindrical tissue samples from the donor blocks of multiple breast 

cancer cases. Four to five micrometer-thick whole tissue sections and similar sections 

of TMA blocks were used for IHC. Deparaffinization and rehydration at room 

temperature was followed by heat induced epitope retrieval (HIER) with the PT Link 

system (“Target retrieval solution”, pH 9.0 for 30 min at 94°C - DAKO, Glostrup, 

Denmark). After being rinsed with Tris buffer saline - EnVision FLEX Wash (TBS), 

the sections were placed in a Dako Autostainer Link 48 for endogenous peroxidase 

blockage and staining. Diaminobenzidine (DAB; Dako, Glostrup, Denmark) or VIP 

(Vector Laboratories, Burlingame, CA, USA) were used as chromogens. The sections 

were then counterstained with Mayer's hematoxylin, dehydrated, cleared in xylene, 

and mounted. Negative controls were carried out by omitting the primary antibody. 

Primary antibodies used in the different studies and the details of the applied 

protocols are listed in Table 1.  
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Antibody Name 

(Clone) 

Immunogen 

epitope 

Company Dilution Incubation 

time / 

temperature 

GHRH-R ab 76263 

(polyclonal) 

C-terminal 

domain (50 

amino acid) 

Abcam (Cambridge, UK) 1:250 60 min / 

room 

temperature 

(RT) 

ER SP1 C-terminal 

domain 

Thermo Scientific, 

(Waltham, MA, USA) 

1:200 30 min/RT 

PR RB-9017 

(polyclonal) 

Not specified Thermo Scientific, 

(Waltham, MA, USA) 

1:100 60 min/RT 

HER2 SP3 Cytoplasmic 

domain 

Biocare Medical 

(Concord, CA, USA) 

1:100 60 min/RT 

Ki-67 MIB-1 Not specified Dako (Glostrup, 

Denmark) 

1:100 30 min/RT 

 

AR F39.4.1 Amino acids 

301-320 

BioGenex, (Fremont, 

CA, USA) 

1:50 30 min/RT 

GCDFP-

15 

23A3 Not specified Cell Marque, (Rocklin, 

CA, USA) 

1:200 30 min/RT 

p40 BC28 Amino acids 5-

17 

BioCare (Concord, CA, 

USA) 

1:200 30 min/RT 

p63 4A4 TA domain Thermo Scientific, 

(Waltham, MA, USA) 

1:400 30 min/RT 

CK5 XM26 C-terminal 

domain  

BioCare (Concord, CA, 

USA) 

1:1 

Ready to 

use 

60 min/RT 

CD10 56C6 Not specified Cell Marque (Rocklin, 

CA, USA) 

Dako (Glostrup, 

Denmark) 

1:50 

1:1 

Ready to 

use 

30 min/RT 

Table 1. List and applied protocols of primary antibodies. 
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All specimens were evaluated by two pathologists (BK, GC) in parallel using 

a double headed microscope. 

Since all patient and disease information was gathered anonymously and 

retrospectively with no influence on patient outcome or treatment, no ethical 

permission was deemed necessary according to local regulations. For the p40 related 

study, involving TMA fabrication from a few tumors, the institutional review board of 

the Bács-Kiskun County Teaching Hospital was consulted, and the study was 

considered non-interventional and approved. 

 

3.2. THE EXPRESSION OF GHRH-R IN DIFFERENT TYPES OF 

BREAST CARCINOMAS 

 

In this retrospective study, tissue blocks of 100 breast cancer cases were used. 

Carcinomas ≤2 cm (pT1 tumors) [8, 9], were preferentially included in the study to 

limit the effect of tumor heterogeneity. Groups of different histological, molecular 

and clinicopathological types of breast cancer were selected. Histological types 

included invasive tubular, ductal / NST carcinomas and ILCs as defined by the WHO 

classification of breast tumors [3]. Grading was performed on the basis of the 

Nottingham scheme [6]. Molecular types were determined by means of the surrogate 

IHC-based approach as proposed by the St Gallen consensus meeting report valid at 

the time of performing the study [13]. On this basis, ER-positive tumors were 

classified as luminal A if they were HER2-negative and had a Ki-67 LI <14%; they 

were labeled as luminal B if they were either HER2-positive and/or had a Ki-67 LI 

>13% or both [84]. ER-negative tumors were classified either as HER2-positive or as 

TNBC (HER2-negative and PR-negative). Cases with casting-type microcalcification 

on the mammogram were also included in the study because these tumors have been 

reported to have an unfavorable outcome by some authors [85-87], and they are 

considered as a special entity by the multidisciplinary breast team at the University of 

Szeged. During the analysis of the cases, we observed a consistent and strong staining 

for GHRH-R in foci of apocrine metaplasia (Figure 3). To investigate this 

unanticipated phenomenon, we included 31 cases of recently diagnosed carcinomas 

(of any size) with apocrine differentiation (apocrine carcinomas). For the selection of 
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apocrine neoplasms, we defined apocrine differentiation by using both 

histomorphologic [3] and IHC criteria (ER and PR negativity, AR and GCDFP-15 

positivity) [16]. 

 

Figure 3. Strong staining for GHRH-R in foci of apocrine metaplasia (GHRH-R, 10x) 

 

FFPE tissue blocks (from the Departments of Szeged, Kecskemét and Turin) 

were used for the construction of composite TMA blocks. Every tumor was 

represented by multiple cores. The TMA block built up in Turin consisted of triplicate 

cores of 1.1 mm in diameter, whereas the TMA blocks in the Hungarian departments 

were assembled using duplicate cores of 2.2 mm in diameter. Samples were 

preferentially taken from the periphery of the tumors in every institution. At the 

Hungarian departments each TMA block included two orientation markers; two cores 

of non-mammary tissues (liver and kidney) also serving as negative controls, whereas 

in the TMA block built in Turin, four orientation cores were placed, two pieces of 

non-apocrine normal mammary tissue as negative controls and two cores of apocrine 

DCIS as positive controls. Six tumors were assessed in whole tissue blocks and two in 

needle core biopsy samples. (One of the cases assessed in whole section represented 

an apocrine DCIS with no evidence of invasive component but having a lymph node 

metastasis. This case was analyzed on the basis of both the tumor and its metastasis.) 
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Metastatic cancer tissues of lymph node positive cases were also evaluated 

with TMA technique using duplicate cores of 2.2 mm in diameter. 

The primary antibodies and IHC protocols used are listed in Table 1. The 

stains for ER, PR, HER2 and in most cases Ki-67 were performed routinely and the 

results were available from the original reports. The interpretation of the ER, PR and 

HER2 staining was according to the American Society of Clinical Oncology/College 

of American Pathologists guidelines [88, 89]. Every slide included a pituitary gland 

tissue-chip to serve as positive control. Specimens were evaluated only in the case of 

adequate staining in the controls. Positive staining of breast cancer tissue was 

classified according to the localization of immune reaction and percentage of positive 

tumor cells. On the basis of a previous report, both nuclear and cytoplasmic stainings 

were accepted as positive [33]. The invasive parenchymal component of the tumors 

was evaluated, using a lower and higher cutoff level of 10% and 50% of tumor cell 

positivity. 

Statistical analysis was performed with the chi-square test using the SPSS 20.0 

(IBM, Armonk, NY, USA) statistical software, and the significance level chosen was 

p < 0.05.  

 

3.3. p40 EXPRESSION IN BASAL-LIKE BREAST CARCINOMAS AND 

p40 AS A MYOEPITHELIAL MARKER IN BREAST LESIONS 

 

Groups of different histological types of breast lesions documented to 

demonstrate occasional alteration of MEC phenotype, including benign sclerosing 

lesions [90], DCIS [91] and adenomyoepithelial lesions were randomly selected on 

the basis of their diagnoses, and associated normal breast tissue was analyzed. 

Randomly selected consecutive TNBCs expressing high molecular weight CK 

5, corresponding to a subset of BLBCs on the basis of the surrogate IHC approach 

described by Nielsen et al [92] were used to build up a double TMA consisting of 20 

carcinomas in duplicate cores of 2.2 mm in diameter. The cores were taken from the 

periphery of the tumors as much as possible to avoid the central necrotic areas often 
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present in these cancers. Two orientation markers of non-mammary tissues (liver and 

kidney serving as negative controls) were also included, and at least one of the cores 

was taken from a part of a tumor including normal lobules or ducts to serve as 

positive controls for MEC markers. One sample was consistently damaged and 

uninterpretable on all slides and in both cores, and was therefore excluded from all 

analyses. 

The primary antibodies and protocols used for the IHC are listed in Table 1. 

The anti-p40 antibody is designed to selectively recognize the p40 isotype, whereas 

the anti-p63 antibody was developed using an immunogen incorporating the TA 

domain and is stated to recognize all isotypes of p63 (being a “pan p63” marker) 

according to the respective manufacturers’ data sheets provided with the antibodies. 

 

3.4. CD10 EXPRESSION IN APOCRINE LESIONS OF THE BREAST 

 

In this retrospective study, FFPE tissue blocks of 50 apocrine breast lesions 

were randomly selected including benign, in situ and invasive lesions. The protocol of 

the anti CD10 IHC used is detailed in Table 1. IHC stainings were carried out on 44 

whole tissue sections (thickness: 4–5 μm) and a TMA composite block composed of 

2.2 mm diameter cores in duplicate and partial overlap with the whole slide 

assessment. Statistical calculations were made with GraphPad QuickCalcs (San 

Diego, California). 

 

4. RESULTS 

 

4.1. GHRH-R IN DIFFERENT TYPES OF BREAST CARCINOMAS 

 

99 early breast cancer patients with 100 tumors (one bilateral case) were included in 

the present study. Cytoplasmic, nuclear, or combined GHRH-R positivity was 

detected in 54/100 (0.54) and 28/100 (0.28) of the cases using 10% and 50% cut-off 

values, respectively. Considering the most common histological types, ILCs displayed 
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GHRH-R positivity significantly more often (10% cut-off: p = 0.03; 50% cut-off: p = 

0.0003 Pearson’s chi-square) than ductal/NST carcinomas lumped together with 

tubular carcinomas (Table 2, Figure 4.). Seven of the ILCs were pleomorphic on the 

basis of cellular morphology and combined histological grade 3; all but one case were 

positive for GHRH-R. Positivity of staining according to the histological grade of the 

tumors is shown in Figure 5. Interestingly, the highest proportion of tumors 

demonstrating GHRH-R positivity was seen in grade 2 carcinomas, whereas this 

proportion was lower for grade 1 and grade 3 tumors (Table 2). Statistical analysis of 

GHRH-R expression in different tumor grades with the Pearson’s chi-square test 

failed to give a significant result (p = 0.0527) when using the 10% cut-off, but it was 

possible to get significant result applying the 50% cut-off level (p = 0.001). 

  

Figure 4. Distribution of GHRH-R-positive and GHRH-R-negative cases according 

to different cut-off values in different histological types of breast carcinomas. 

 

Figure 5. Distribution of GHRH-R-positive and GHRH-R-negative cases according 

to different cut-off values in different grades of breast carcinomas. 
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To assess the relation of GHRH-R expression and proliferation, the mitotic 

score was used, as an ordinal variable standardizing mitotic counts to the area of the 

high power field of the microscopes, but no association was found. On the other hand, 

although there was no significant difference in the Ki-67 LI of GHRH-R positive and 

negative tumors with the 10% cut-off level, statistical analysis using the 50% cut-off 

yielded a significant difference (10% cut-off: p = 0.0934; 50% cut-off: p = 0.0455; 

single sample t-test), albeit we need to note that Ki-67 LIs were available in only 70 

cases (Figure 6.). There was no statistically significant association between nodal 

status and GRHR-R staining (10% cut-off: p = 0.167; 50% cut-off: p = 0.332; 

Pearson’s chi-square) (Table 2). 

 

Figure 6. Average Ki-67 LIs (%) of GHRH-R-positive and GHRH-R-negative cases. 

 

 

Figure 7. Distribution of GHRH-R-positive and GHRH-R-negative cases according 

to different cut-off values in different molecular subtypes of breast carcinomas. 
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As concerns the molecular types according to the IHC based classification 

(10% cut-off: p = 0.009; 50% cut-off: p = 0.00001 Pearson’s chi-square), the luminal 

B-like category emerged as the molecular subtype with the highest ratio of positive 

cases (Figure 7). The only luminal B-like tumor with negative GHRH-R status was a 

HER2-negative carcinoma with high proliferation rate (Ki-67 LI: 25%). A substantial 

number (8/26, 31%) of triple-negative cases showed GHRH-R positivity in 10-50 % 

(average: 25%) of the tumor cells, but there were no cases (except the apocrine 

carcinomas) exceeding the 50% cut-off level (Table 2, Figure 7). 

As a special clinical entity, 12 tumors with casting-type microcalcifications on 

the mammogram were also included in the study. Although a higher percentage of 

these cases showed GHRH-R positivity compared to NST carcinomas without casting 

type calcification (Table 2), the statistical analysis showed no significant correlation 

(10% cut-off: p = 0.1092; 50% cut-off: p = 0.2030 Pearson’s chi-square). The 

carcinomas with casting-type calcifications histologically represented ductal/NST 

carcinomas with high-grade DCIS showing comedo necrosis. These tumors were 

heterogeneous in terms of hormone receptor (seven were ER-positive and five of 

these were also PR-positive) and HER2 status (four were positive). The GHRH-R-

negative cases belonged to the luminal A (n = 2) or the HER2-enriched (n = 1) types.  

All the apocrine carcinomas studied were negative for ER and PR; 21 of them were 

HER2-negative, 3 were 2+ on IHC and not tested by ISH, whereas 6 tumors were 

positive for HER2 and one case of apocrine DCIS was not tested for this marker. The 

striking majority of breast carcinomas with apocrine differentiation (10% cut-off: 

97%, 50% cut-off: 90%) showed strong GHRH-R positivity. 

Twenty-two previously examined GHRH-R expressing primary node positive tumors 

were evaluated. Two cases were unavailable for testing as the only metastatic sentinel 

node was entirely sectioned following the Hungarian recommendation for the work-

up of these lymph nodes. Only a single case proved to be totally negative, and 70% 

(14/20) of the cases showed positivity in more than 10% of the tumor cells, whereas 

30% (6/20) in more than 50% of the tumor cells. 
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Category Positive/Total No. of 

cases 

Percent of positive cases (95% 

confidence interval (CI)) 

10% 

cut-off 

50% 

cut-off 

10% cut-off 50% cut-off 

Histological 

type 

NST 25/56 8/56 45% (32-58%) 14% (7-26%) 

ILC 28/42 20/42 67% (52-79%) 48% (33-63%) 

Apocrine carcinomas  30/31 28/31 97% (84-99%) 90% (75-97%) 

Tumor 

grade 

Grade 1 5/13 3/13 38% (18-64%) 23% (8-50%) 

Grade 2 31/46 21/46 67% (53-79%) 46% (32-60%) 

Grade 3 18/40 4/40 45% (31-60%) 10% (4-23%) 

Molecular 

type 

Luminal A-like 22/42 14/42 52% (38-67%) 33% (21-48%) 

Luminal B-like 12/14 10/14 86% (60-96%) 71% (45-89%) 

HER2-enriched 8/13 2/13 62% (36-83%) 15% (4-42%) 

TNBC 8/26 0/26 31% (17-50%) 0% (0-13%) 

Lymph 

node status 

Node positive 22/30 11/30 73% (56-86%) 37% (22-54%) 

Node negative 34/60 16/60 57% (44-68%) 27% (17-39%) 

Axillary lymph node metastasis of 

GHRH-R positive primary tumors 

14/20 6/20 70% (48-85%) 30% (15-52%) 

NST with comedo DCIS and casting 

microcalcification  

9/12 4/12 75% (47-91%) 33% (14-61%) 

Table 2. Distribution of GHRH-R-positive and GHRH-R negative cases according to 

different cut-off values and different clinicopathological groups of breast carcinomas.  
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4.2. p40 EXPRESSION IN BASAL-LIKE BREAST CARCINOMAS AND 

p40 AS A MYOEPITHELIAL MARKER IN BREAST LESIONS 

 

Nineteen CK5-expressing TNBCs and thirty-six breast lesions with frequently 

altered MEC phenotype were included in the present study, and normal breast tissue 

was also evaluated in each case, where available on the selected slide (n = 31). The 

analyzed breast lesions were as follows: 10 adenomyoepithelial lesions [including 9 

adenomyoepitheliomas (AME) and 1 adenomyoepithelial adenosis], 13 high-grade 

DCIS with attenuated/flattened MEC layer and 11 sclerosing lesions (including 10 

complex sclerosing lesions and 1 complex fibroadenoma with areas of sclerosing 

adenosis). In all the cases, where appropriate (31/31), a general diffuse strong nuclear 

p40 positivity was detected in normal terminal ductulolobular units (TDLU) around 

the lesions. p40 and p63 staining patterns showed no difference in regular TDLUs 

(Figure 8 a, b). 

 

Figure 8. Parallel p40 (A, C) and p63 (B, D) staining patterns of MEC around DCIS 

and in AME. A, B: DCIS with scant, flattened, IHC-positive MEC in the top left of 

each panel (insert) and without IHC-positive MEC in the lower left of each panel; 

note the contrasting strong and diffuse staining of MEC around normal structures 

(right of each panel). C, D: AME with rather diffuse and strong staining with both 

markers. (A–D ×40.) 
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All adenomyoepithelial lesions showed nuclear p40 positivity in the MEC 

component ranging from weak focal (5/10) to strong diffuse (5/10). No conspicuous 

difference between p40 and p63 reactivity was noted (Figure 8 c, d). The 

attenuated/flattened MEC around DCIS showed somewhat weaker nuclear staining 

compared with surrounding normal TDLU, and negative cells with unequivocal MEC 

morphology were also detectable (Figure 8 a, b). Rarely, ducts affected by DCIS 

showing no positivity of the MEC were also recognized. In this set of lesions, MEC 

stained practically in an identical manner with p40 and p63. In 2 cases, focal 

positivity (few cells in an ER and PR negative but HER2-overexpressing in situ 

carcinoma and up to 10% in a triple-negative one) was detected in the epithelial cells 

of the DCIS using p40 IHC, whereas p63 staining was weaker in the first and barely 

perceptible (requiring high-power inspection for detection) in the second case. All 11 

sclerosing lesions displayed p40 positivity of inconstant intensity, which was usually 

weaker than in the endogenous normal TDLUs serving as control. Focally negative 

MEC were also visible in multiple cases. The p63 and p40 reactions were again 

identical in pattern and intensity (Figure 9). 

 

Figure 9. Staining of MEC with p40 (A, C) and p63 (B, D) in sclerosing lesions. MEC 

are nicely highlighted with the two stains in both the distorted sclerosing glands (A, 

B: top right area) and the non-distorted glands (elsewhere), but show parallel 

diminished staining around the centrally located apocrine glands. (A, B ×20; C, D 

×40) 
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Of the 19 CK5-expressing TNBCs, 8 showed some p63 positivity, ranging 

from a few cells to 70% of the tumor cells. The intensity was generally weak and in 

many cases detection required scrutinous search; the intensity of staining was strong 

in 1 case only (Figure 10a). In contrast, p40 positivity could be seen in the majority of 

the cases (18/19) ranging from a few cells (<1%) to 70%. The intensity was either 

similar to that seen with p63 or stronger (Figure 10). 

 

 

Figure 10. Staining of CK5-expressing TNBC cells with p40 (A, C) and p63 (B, D). 

A, B: Similar staining in the case demonstrating the most labeled cells and the 

strongest positivity with both antibodies. Staining of some cells with p40 (C) and lack 

of staining with p63 (D) in another case. A, B ×5. C, D ×200 (from digital slides). 

 

4.3. CD10 EXPRESSION IN APOCRINE LESIONS OF THE BREAST 

 

Fifty apocrine lesions were included in the study: 10 cysts with or without 

papillary hyperplasia, 1 cyst without an MEC layer [93], 6 apocrine adenoses, 2 

papillomas, 13 DCIS, 14 invasive ductal/NST carcinomas and 4 ILCs. 17/19 [0.89; 

95% CI 0.68–0.97] benign apocrine lesions (Figure 11) showed complete or partial 

luminal CD10 staining (Figure 12a), although most cases included parts without 

staining and 2 lesions (an apocrine adenosis and a cyst with papillary hyperplasia) 
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were completely negative. The MECs in benign lesions were often but not always 

positive. 

As concerns malignant lesions, 8/13 apocrine DCIS cases displayed no 

luminal staining (Figure 12/b), but 4 (0.31; 95% CI 0.13–0.58) demonstrated very 

focal luminal positivity. The MECs around the DCIS showed a spectrum of staining 

from nil to strong complete. Only 4/18 (0.22; 95% CI 0.09–0.46) invasive carcinomas 

demonstrated luminal/ membranous staining (Figure 12/c). Cytoplasmic CD10 

positivity was seen focally in 4 invasive cancers (Figure 12/d) and in 3 DCIS, and 

more markedly in 1 invasive carcinoma NST (Figure 12/c); 2 of these and 1 in situ 

carcinoma with ‘aberrant’ cytoplasmic staining demonstrated no membranous 

staining. Benign lesions showed luminal/membranous staining more commonly than 

malignant ones (17/19 vs. 8/31; p < 0.0001, chi-square test with Yates correction for 

continuity) and this was also true for any epithelial staining including aberrant 

cytoplasmic labeling (17/19 vs. 11/31; p = 0.0006, chi-square test with Yates 

correction for continuity). 

 

 

Figure 11. Proportion of benign lesions, in situ and invasive cancers showing 

luminal/membranous CD10 positivity. The bars represent 95% CIs. 
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Figure 12. Examples of CD10 positivity in different lesions. A: Apocrine cysts with 

areas of papillary hyperplasia. Note focal to near-complete luminal epithelial and 

strong MEC positivity. B: DCIS with a lack of luminal/membranous staining in foci 

of lumen formation and weak MEC labeling. C: Luminal and strong cytoplasmic 

staining in invasive carcinoma NST. D: Very focal cytoplasmic labeling in invasive 

carcinoma. (×10) 

 

5. DISCUSSION 

 

5.1. THE EXPRESSION OF GHRH-R IN DIFFERENT TYPES OF 

BREAST CARCINOMAS 

 

The endocrine effect of GHRH on cancer has been thought to be rendered by 

the stimulation of the GHRH/GH/IGF-1 axis. Recently, an additional 

autocrine/paracrine role in the regulation of proliferation and differentiation of cancer 

cells has been proposed. The latter mechanism is supported by the presence of GHRH 

in various malignancies as demonstrated by means of mRNA expression, by the 

detection of immuno-reactive and biologically active GHRH and by the identification 
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of its receptors in different human cancers [21-24, 32]. GHRH antagonists have been 

tested as potential targeted therapeutic agents in several malignancies, including 

breast cancers [26, 30, 31]. The incidence of GHRH-R expression in different breast 

cancer subtypes (histological, molecular and clinical) has not yet been investigated 

extensively. Since the presence of the GHRH-R could be a selection criterion for 

potential treatment targeting the GHRH-R, it was thought that a study identifying 

potential subsets of tumors preferentially expressing the receptor could be of 

relevance. To elucidate the possible presence of GHRH-R in the individual subtypes, 

we selected tissue blocks of different histological and molecular types from our 

archives, and examined the expression of GHRH-R with IHC. As concerns the 

different histologic types of breast cancer, there are many based on special features, 

but the two major types are ductal/NST carcinomas and ILCs. Other subtypes are less 

frequent, and are sometimes viewed as special types of ductal (non-lobular) 

carcinomas. In our study, ILCs were significantly more frequently positive for 

GHRH-R. A previous report has identified ILCs to have a higher rate of GHRH 

expression (a phenomenon which could support an autocrine/paracrine regulatory 

effect) than ductal/NST carcinomas. The same study failed to document a similar 

predilection for the distribution of SV1 using a polyclonal antibody, which is no 

longer available [25]. In that study, only 1 of 6 ILCs was positive for SV1. The 

contrary finding that a significant number of ILCs tested were positive for GHRH-R 

in our analysis, could probably be explained by the use of a different antibody that 

detects both the pGHRH-R and the SV1 receptor. Since the GHRH-R antibody used 

in our study was raised against a synthetic peptide derived from the C-terminal 

domain of the human pGHRH-R [Product datasheet - ab76263], and the biologically 

active SV1 differs from the full length pituitary receptor only in its N-terminal part 

[22], the antibody recognizes the full length GRHR-R along with the SV1, but not the 

much shorter (145-amino acid-long) SV2. 

As concerns the grade of differentiation, significant association with the 

GHRH-R status was just found using the 50% cut-off value, and grade 2 tumors 

seemed to show GHRH-R positivity more frequently than grade 1 or 3 tumors. 

Reports on the distribution of GHRH-R by grade are scarce. Chatzistamou et al. 

suggested no predilection for any level of differentiation: 2/2 of grade 1, 5/16 of grade 

2, and 6/22 of grade 3 ductal/NST carcinomas were identified as positive [25]. The 

reasons for finding more positive cases among grade 2 tumors are not clear, and could 
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be coincidental, especially in the light of molecular studies. Sotiriou and colleagues 

have demonstrated that gene expression profile-based genomic grades matched well 

histological grades 1 and 3, but breast tumors classified as histological grade 2 fell 

either into the category of low or high genomic grade [94]. Therefore, histologic 

grade 2 tumors cannot be classified morphologically into high or low grade, resulting 

in an intermediate prognosis due to this dual composition. Our results, as well as the 

previous report cited, suggest that GHRH-R positivity can occur in any grade of 

breast cancer, and there seems to be no strong correlation of GHRH-R expression 

with histologically determined tumor grade. In keeping with the results relating to the 

differentiation of the carcinomas, an ambiguous relation was found with proliferation 

depending on whether assessed by mitotic scores or the Ki-67 proliferation marker. 

Although there was no association between GHRH-R expression and mitotic scores, a 

significant correlation was found using the Ki-67 LIs. The significant association of 

tumor grade with the GHRH-R status using the 50% cut-off and the differences 

between the statistical analysis of mitotic scores and Ki-67 LIs suggest that the 

equivocal results may be due to the shortcomings of conventional histological 

grading, and maybe a stronger correlation could be found using genomic grades. 

There was no association of GHRH-R expression and the nodal status of breast 

carcinomas. The study also incorporated 12 cases with casting-type microcalcification 

on the mammogram. The clinical outcome of this entity is still subject to some debate 

with some authors and results reinforcing the finding of a poor outcome [85-87, 95-

97] and others refuting it [98, 99]. Our experience supports the poor outcome of these 

tumors [87], and this is why such cases were separately studied for their GHRH-R 

expression. Although the authors originally describing this entity as one associated 

with poor prognosis did not specifically report the distribution of this type of 

carcinoma presentation according to molecular subtypes, they suggested that many of 

these tumors were HER2-positive [95], with HER2 positivity being three times more 

frequent in this subgroup than in breast carcinomas without casting-type calcifications 

[Tot T., personal communication 2013 July]. The present series of small tumors 

included carcinomas with casting-type microcalcifications with heterogeneous grade 

and molecular type distribution, and only one-third were HER2-positive. All cases 

with casting-type calcifications were associated with high-grade DCIS showing 

comedo necrosis and microcalcification. Using the 50% cut-off, GHRH-R positivity 

was observed in 33% of the cases of this clinical/mammographical entity, which is 
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more than double of the 14% positivity rate of ductal/NST carcinomas without 

casting-type microcalcification; however this difference failed to be statistically 

significant. The relevance of these findings is not yet known, but further study is 

warranted to clarify this issue. GHRH-R positivity was seen in all molecular types of 

breast cancer, including ER-positive and ER-negative cases, in keeping with results 

found with cell lines [31]. The majority of the luminal B-like tumors demonstrated 

strong and diffuse immune reaction with anti-GHRH-R, but as even luminal B-like 

tumors are heterogeneous, the significance of this finding in a relatively low number 

of cases is uncertain. Even though TNBCs showed GHRH-R positivity in a relatively 

low percentage of tumor cells (5-30%, average: 15%) and cases (31% using 10% cut-

off), the unfavorable prognosis and the limited therapeutic modalities for these 

carcinomas emphasize the importance of this finding. Targeted anti-GHRH therapy 

proved to be efficient in the treatment of nude mice transplanted with human TNBC 

xenografts [100, 101]. An unfortunate observation was the lack of diffuse GHRH-R 

expression in this molecular group with no cases showing positivity in more than half 

of the tumor cell population. Further investigations are necessary to clarify whether 

TNBCs expressing the GHRH-R could be treated with GHRH-R antagonists. Whether 

the issue of scattered positivity highlights a limited utilisability of a possible anti-

GHRH-R treatment or such low positivity rates as in the case of ER or PR could be 

considered enough should also be investigated in the future. 

Regarding metastatic breast cancer, axillary lymph node metastases of the 

GHRH-R expressing primary node positive tumors were evaluated. The fact that no 

distant hematogenous metastases were available for testing could be explained by the 

early stage of the primary carcinomas examined. Although we noticed varying degree 

of GHRH-R staining decrease of the metastases compared to the primary carcinomas, 

only a single case showed total loss of GHRH-R expression, which is an important 

observation if we consider that any future targeted therapy looks more promising if it 

could also help in advanced cases. 

During the analysis of the cases, we noticed a pronounced, uniform GHRH-R 

expression in cysts showing apocrine metaplasia. This finding inspired us to 

investigate the expression of GHRH-R in cancers showing apocrine differentiation 

and to include 31 cases of apocrine carcinoma (both in situ and invasive tumors). 

With 10% cut-off, 97% demonstrated strong and diffuse positivity, whereas using 

50% cut-off, 90% were found positive. Apocrine carcinomas are defined as 
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carcinomas in which the cells demonstrate the cytological features of apocrine cells 

[3], they are often ER-negative and PR-negative, but AR-positive tumors [16], and 

express apocrine markers like GCDFP-15. As concerns the molecular types 

approached by IHC, somewhat more than half of apocrine carcinomas represent a 

subgroup of TNBCs and nearly half of them overexpress HER2 [17]. A molecular 

apocrine type of breast cancer with increased androgen signaling has also been 

described, and is characterized by ER negativity and AR positivity [3, 18, 102, 103]. 

This latter type is lately referred to as the LAR subtype of TNBC [19]. The overlap 

between breast cancers classified as apocrine on the basis of gene expression profile 

versus morphologic features is not complete. It has been estimated that the apocrine 

gene expression profile may be present in 8–14% of breast cancers, whereas apocrine 

carcinomas classified on the basis of morphologic appearance are relatively rare, 

comprising about 4% of breast carcinomas [3]; part of them may be a subset of 

TNBCs. Their androgen-dependent signaling pathway could also suggest a specific 

treatment. Whether their homogeneous positivity for GHRH-R can be translated to a 

targeted therapy with GHRH-R antagonists, which are under development for clinical 

use requires further studies. 

As a caveat, it must be remembered that the present study included non-

consecutively diagnosed breast carcinomas, and therefore the proportion of positive 

tumors may only be an estimate, requiring confirmation on a larger group of tumors. 

A strength, however, is that we chose to limit tumor heterogeneity by studying 

relatively small cancers. 

 

5.2. p40 EXPRESSION IN BASAL-LIKE BREAST CARCINOMAS AND 

p40 AS A MYOEPITHELIAL MARKER IN BREAST LESIONS 

 

The identification of an outer MEC layer is a valuable clue in the differential 

diagnosis of breast lesions. A broad spectrum of different cytoplasmic (e.g. smooth 

muscle actin (SMA), smooth muscle myosin heavy chain (SMMHC), calponin, S100 

or CK5/6), nuclear (e.g. S100 and p63) and membranous (e.g. CD10) MEC markers is 

used by reporting pathologists. p63 protein is a commonly used MEC marker. Due to 

its high sensitivity (90%) and even superior specificity (up to 100% in normal TDLU) 

reported [45], it is preferred to cytoplasmic markers (SMA, calponin and SMMHC), 
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as the latter may also variably react with vascular smooth muscle cells and 

myofibroblasts [48]. The specificity of p63 is somewhat diminished by the 

observation that it is rarely expressed by tumor cells of NST carcinomas [48]. 

Reduced expression of markers in MEC associated with DCIS and complex 

sclerosing lesions is a documented phenomenon [90, 91], and such an alteration in the 

MEC phenotype has also been reported in AME [104]. Some markers (CD10, CK5/6 

and SMMHC) show reduced expression more frequently than others (p63, SMA and 

calponin) [90, 91]. 

This study specifically focused on lesions that have been reported to 

demonstrate an altered MEC phenotype, i.e. a change in the expression of MEC 

markers compared with MEC of the normal breast parenchyma: sclerosing lesions 

[90], high-grade DCIS [91] and adenomyoepithelial lesions [104]. Our results suggest 

that p63 and p40 perform similarly in all these settings. In normal breast tissue, MEC 

are nicely highlighted by both antibodies, and when the expression of one is reduced 

in a pathological condition, the other shows a similar reduction in expression; focal 

losses of expression occurred in parallel. Although p40 has been reported to have 

superior specificity than p63 as a squamous cell carcinoma marker in the differential 

diagnosis of non-small cell lung cancer [49], it seems to perform similarly in breast 

lesions acknowledged to show altered expression of MEC markers. It is, therefore, 

suggested that both antibodies can be used interchangeably for the demonstration of 

MEC. A recent study performing a TMA analysis of a larger number of breast lesions 

[32 adenoses, 34 intraductal papillomas, 31 DCIS, 257 ductal/NST carcinomas and 36 

metaplastic carcinomas] with monoclonal pan-p63 and polyclonal p40 antibodies 

from different sources (but with an identical clone and identical target epitopes, 

respectively) reached a similar conclusion regarding the corresponding staining of 

MEC with p63 and p40 antibodies [105]. However, despite the identical epitopes used 

to generate the polyclonal p40 antibodies, one of the two tested (Diagnostic 

Biosystems, Pleasanton, Calif., USA) showed a much higher proportion of cancer cell 

labeling, highlighting the different sensitivities and specificities of the two antisera. 

This latter antibody was also less specific for MEC in DCIS. On the basis of the 

surrogate IHC based molecular classification, the highest proportion of p63 or p40 

staining was found in TNBCs [105]. Identical staining of MECs with monoclonal p63 

and p40 antibodies was also reported in a small series of 10 breast excision specimens 

[106]. 
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The fact that the p63 antibody we used (a pan-p63 marker) should 

theoretically label more cases than the p40 antibody identifying only the ΔNp63 

isoforms makes our finding of a higher rate of cancer cell labeling with p40 somewhat 

enigmatic. The explanation may perhaps lie in the differences in sensitivities alluded 

to in the previous paragraph in connection with two polyclonal p40 antibodies. 

However, the small sample size, a limitation of the present study, may also play a 

role. 

In conclusion, p40 seems to be similar to p63 as an MEC marker both in 

normal breast tissue and in lesions with observed alterations in the MEC 

immunophenotype. The presence of tumor cell positivity in NST carcinomas 

demonstrating an IHC staining profile mostly in keeping with a BLBC did not 

interfere with MEC detection but should be acknowledged, and the preference of p40 

for highlighting this subset of carcinomas rather than other subtypes should be further 

investigated. 

The molecular subtype of breast cancer carries valuable information and can 

help to predict prognosis and determine the appropriate therapy. As long as 

determination of molecular subtypes based on gene expression profiling is not yet 

available in routine histopathology practice, surrogate IHC methods are expansively 

used for the molecular classification of the cases. Using the IHC based method, 

BLBC is defined as an ER, PR and HER2 negative tumor expressing proteins usually 

found in basal/ myoepithelial cells of the normal breast. Although CK5 and EGFR are 

the most frequently used and accepted, other markers e.g. high-molecular-weight 

cytokeratins as CK6, CK14 and CK17, P-cadherin, CD117, nestin, p16 and p53 [107] 

can also be used alone or as a part of an IHC panel [108]. As concerns the p53 tumor 

suppressor gene family, both p53 and p63 expression can be used as markers of basal 

phenotype. The anti-p53 antibody has a specificity of 80-85% and a sensitivity of 50-

60% [109, 110], whereas the detection of the p63 protein expression is reported to 

have a very high specificity (94%), but low sensitivity (14%) [108]. The anti-p63 

antibody is also useful in the diagnosis of metaplastic breast cancer particularly in the 

case of the squamous/spindle cell variant [111, 112]. A relatively newly discovered 

member of the p53 gene family, the p40 isoform of the p63 protein, was recently 

introduced as a commercially available antibody and was not previously tested in 

BLBC. One obvious difference between the staining patterns of p63 and p40 is the 

different proportion of focal positivity in carcinoma cells. CK5-expressing TNBCs 
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seem to express p40 more frequently than p63. Whether this phenomenon is restricted 

or preferential in BLBCs expressing CK5 has not been examined, and is the subject of 

an ongoing investigation, but one of the DCIS cases showing a few p40- and p63-

positive cells was a HER2-overexpressing lesion. 

 

5.3. CD10 EXPRESSION IN APOCRINE LESIONS OF THE BREAST 

 

The fact that CD10 is a ubiquitous enzyme found on the surface of many 

different normal cell types and pathologic lesions has a negative impact on its 

specificity and thus on its possible utility in routine histopathological differential 

diagnosis. Therefore, CD10 IHC reactions should be only used to answer specific 

differential diagnostic questions in well-known circumstances. 

Overall, breast epithelium rarely expresses CD10. Only focal labeling of 

luminal ductal epithelium was reported by Kalof et al. [81]; the limited number of 

invasive and in situ carcinomas (n = 46) that they studied were all negative. Bains and 

Sidhu [113] reported on a case of invasive breast carcinoma, showing cytoplasmic 

CD10 staining associated with an in situ component and intraductal papilloma, 

demonstrating the same type of labeling. Although no mention of receptor status was 

included in their description, on the basis of the figures, none of these lesions 

demonstrated the characteristic apocrine morphology. The authors concluded that 

CD10 positivity in metastatic tumors cannot rule out the breast as primary, and related 

the phenotype to the CD10-positive progenitor cells capable of differentiating towards 

luminal epithelial cells and MECs described by Stingl et al. [114]. NST carcinomas 

and ILCs are rarely positive for CD10 [83], but some subsets may be different in this 

respect: of 40 ER-positive tumors, none demonstrated CD10 positivity (defined with a 

cut-off of 10% staining) and only a single case showed <10% labeling, whereas 12 of 

77 ER-negative carcinomas (16%) showed cytoplasmic or membranous staining in 

30–100% of the cells [115]. A subset of ER-negative breast cancers is also negative 

for PR and HER2, and is therefore labeled as TNBC. Some TNBCs express basal (i.e. 

MEC) markers (CK 5 and/or EGFR) and this feature has been suggested for the 

delineation of the BLBC subgroup of breast cancers on IHC [92]. Not surprisingly, 

some of these carcinomas may also express CD10, an MEC marker in a substantial 

number of cases (16/20 of spindle-cell metaplastic carcinomas and carcinosarcomas) 

[116], similarly to the rare cases that demonstrate straightforward myoepithelial 
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differentiation [117]. Apocrine carcinomas are also generally ER- and PR-negative 

[118], and might have been included in previous studies of ER-negative carcinomas, 

but without distinct identification of this subset. Smollich et al. [119] identified 

cytoplasmic (and occasional membranous) CD10 (neprilysin) staining of tumor 

parenchymal (epithelial) cells in 33/126 (26%) of breast cancers and found this 

labeling to be associated with better prognosis, in contrast to the CD10 staining of the 

stromal myofibroblast reported to indicate worse prognosis. 

CD10 positivity has been described in benign apocrine epithelium [81, 83], 

but no data on CD10 expression in various other types of apocrine breast lesions have 

been available until now. Our results indicate that benign apocrine epithelium 

(metaplasia) is typically positive for CD10 with a luminal staining pattern, although 

there are exceptions to the rule. Malignization or apocrine differentiation in malignant 

lesions seems to be associated with a partial or complete loss of this staining pattern, 

which is therefore rarer in in situ carcinomas and even rarer in invasive ones, and 

cytoplasmic (aberrant) staining may also occur in this subset. 

Although the staining of MECs was not the primary aim of our study, our 

findings are in keeping with earlier works on the subject, and suggest that the 

sensitivity of CD10 as an MEC marker is lower than that of other markers like p40 

and SMA. Its proportional sensitivity is even further diminished in certain lesions like 

benign sclerosing lesions [90] and DCIS [91], known for their reduced expression of 

MEC markers. Based on the literature [81, 91] and supported by our experience, 

CD10 is not an ideal MEC marker. However, occasional CD10 staining of epithelial 

cells should be kept in mind, as its occurrence may interfere with the identification of 

some cells as epithelial or myoepithelial, especially in apocrine lesions, some of 

which may turn out to be benign, even without the presence of a MEC layer [93]. 

 

6. CONCLUSIONS 

 

Our work demonstrates that the distribution of GHRH-R among breast 

carcinomas is not restricted to histological type, differentiation grades or molecular 

subtypes. ILCs were found to express this marker more frequently than ductal/NST 

carcinomas. The finding of a relatively high proportion of positivity among 

ductal/NST carcinomas with casting-type microcalcification is of uncertain 
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significance. Even though TNBCs showed GHRH-R positivity in a relatively low 

percentage of tumor cells (5- 30%, average: 15%) and cases (31% using 10% cut-off), 

with no cases showing positivity in more than half of the tumor cell population, the 

unfavorable prognosis and the limited therapeutic modalities available for these 

patients highlight the importance of this finding, which is further emphasized by the 

fact that targeted anti-GHRH-R therapy proved to be efficient in the treatment of nude 

mice transplanted with human TNBC xenografts. The most remarkable finding of this 

study, we feel, is that apocrine epithelium (both benign and malignant) stains 

diffusely and strongly for GHRH-R. However, the genuinity of our related results 

require confirmation, and we have started further investigation of apocrine tumors by 

courtesy of a grant sponsored by the University of Szeged. 

Whether our findings can be used for targeting breast carcinomas with GHRH-

R antagonists is to be clarified in future studies. 

 

The p40 protein seems to be similar to p63 as a MEC marker both in normal 

breast tissue and in lesions with observed alterations in the MEC immunophenotype. 

The presence of tumor cell positivity in NST carcinomas demonstrating an IHC 

staining profile mostly in keeping with a BLBC did not interfere with MEC detection 

but should be acknowledged, and the preference of p40 for highlighting this subset of 

carcinomas rather than other subtypes should be further investigated. 

 

CD10 positivity is luminal/membranous in most benign apocrine lesions, the 

staining being non-universal and sometimes focal. Analogous staining in apocrine 

malignancies seems rarer in DCIS and even rarer in invasive apocrine carcinomas, but 

atypical cytoplasmic positivity may also occur. CD10 is not an ideal MEC marker in 

apocrine lesions. When using CD10 immunohistochemistry as a MEC marker or in 

the case of a carcinoma of unknown primary it should be important to know that 

benign and malignant apocrine lesions of the breast can also express CD10. The fact 

that CD10 is a ubiquitous enzyme found on the surface of many different normal cell 

types and pathologic lesions has a negative impact on its specificity and thus on its 

possible utility in routine histopathological differential diagnosis. Therefore, CD10 

IHC reactions should be only used to answer specific differential diagnostic questions 

in well-known circumstances. 

  



 44 

7. ACKNOWLEDGEMENTS 

I wish to express special thanks to my supervisor Professor Gábor Cserni from 

the Department of Pathology, University of Szeged and Head of the Department of 

Pathology, Bács-Kiskun County Teaching Hospital in Kecskemét, for his support and 

scientific guidance of my work. 

I could not be any more thankful to Professor Béla Iványi, Head of the 

Department of Pathology, University of Szeged, who provided more than excellent 

working conditions at the institute. 

I am grateful to my tutors Sándor Hamar, László Kaizer and András Vörös 

who introduced me to the world of breast pathology and routine histopathology 

practice. 

I greatly appreciate all the hard work provided by the staff members of the 

breast tumor board: Professor Zsuzsanna Kahán, Professor György Lázár, Attila 

Paszt, Zsolt Simonka, Katalin Ormándi, Csilla Hoffmann, Máté Lázár, Gyöngyi 

Kelemen, Alíz Nikolényi, Erzsébet Valicsek, Ágnes Dobi, Zsófia Együd, Orsolya 

Rusz, Professor Gábor Cserni, Sándor Hamar, László Kaizer, András Vörös, 

Ágnes Báthori, Tamás Zombori and the assistants (especially to Beáta Balogh and 

Krisztián Daru), and photo technician (Mihály Dezső) of the Department of 

Pathology, University of Szeged that helped this dissertation to come into existence. 

I would also like to express my gratitude for all my other colleagues and 

coworkers (especially to Professor Éva Kemény and Professor László Tiszlavicz) 

who are not involved in breast pathology but also helped me becoming a pathologist. 

I also thank my family and friends for love, encouragement and support. 

 

The work reported in this thesis was partially supported by grants TÁMOP-

4.2.2.A-11/1/KONV-2012-0035 and KEP 2013, 2014 and 2015 of the University of 

Szeged. 



 45 

8. REFERENCES 

 

1. World Health Organization, International Agency for Research on Cancer, 

Press Release N° 223, 2013, http://www.iarc.fr 

 

2. Ferlay J, Soerjomataram I, Ervik M et al. GLOBOCAN 2012 v1.0, Cancer 

Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet]. 

Lyon, France: International Agency for Research on Cancer. Available from 

http://globocan.iarc.fr 

 

3. Lakhani SR, Ellis IO, Schnitt SJ, editors.  WHO Classification of Tumours of 

the Breast. 4th ed., International Agency for Research on Cancer: Lyon, 2012; 

ISBN: 9789283224334. 

 

4. Elston C.W, Ellis I.O. Classification of malignant breast disease. In: CW 

Elston and IO Ellis (Eds.) The Breast. Systemic Pathology. 3rd ed. Churchill 

Livingstone: Edinburgh, 1998;pp. 239-247. 

 

5. Patey DH, Scarff RW. The position of histology in the prognosis of carcinoma 

of the breast. Lancet 1928; 211:801-804. 

 

6. Elston CW, Ellis IO. Pathological prognostic factors in breast cancer. I. The 

value of histological grade in breast cancer: experience from a large study with 

long-term follow-up. Histopathology. 1991; 19:403-410. 

 

7. Robbins P, Pinder S, de Klerk N et al. Histological grading of breast 

carcinomas: a study of interobserver agreement. Hum Pathol. 1995; 26:873-

879. 

 

8. Sobin LH, Gospodarowicz MK, Wittekind Ch, editors. The UICC TNM 

Classification of Malignant Tumours, 7th Edition, New York: John Wiley 

Sons Inc., 2009, ISBN: 9781444332414 

 



 46 

9. Edge SB, Byrd DR, Compton CC, editors. AJCC Cancer Staging Handbook: 

From the AJCC Cancer Staging Manual. New York: Springer, 2009. 

 

10. Perou CM, Sørlie T, Eisen MB, et al. Molecular portraits of human breast 

tumours. Nature 2000; 406: 747-752. 

 

11. Sorlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast 

carcinomas distinguish tumor subclasses with clinical implications. Proc Natl 

Acad Sci USA 2001; 98: 10869-10874. 

 

12. Allison KH, Molecular pathology of breast cancer: what a pathologist needs to 

know. Am J Clin Pathol. 2012; 138: 770-780. 

 

13. Goldhirsch A, Wood WC, Coates AS et al. Strategies for subtypes–dealing 

with the diversity of breast cancer: highlights of the St. Gallen International 

Expert Consensus on the Primary Therapy of Early Breast Cancer 2011. Ann 

Oncol 2011; 22: 1736-1747. 

 

14. Coates AS, Winer EP, Goldhirsch A et al. Tailoring therapies-improving the 

management of early breast cancer: St Gallen International Expert Consensus 

on the Primary Therapy of Early Breast Cancer 2015. Ann Oncol 2015; 26: 

1533-1546. 

 

15. Abramson VG, Lehmann BD, Ballinger TJ et al. Subtyping of triple-negative 

breast cancer: implications for therapy. Cancer 2015; 121: 8-16. 

 

16. Tsutsumi Y. Apocrine carcinoma as triple-negative breast cancer: novel 

definition of apocrine-type carcinoma as estrogen/progesterone receptor-

negative and androgen receptor-positive invasive ductal carcinoma. Jpn J Clin 

Oncol 2012; 42: 375-386. 

 

17. Vranic S, Tawfik O, Palazzo J et al. EGFR and HER-2/neu expression in 

invasive apocrine carcinoma of the breast. Mod Pathol. 2010; 23: 644-653. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Perou%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=10963602
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B8rlie%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10963602
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eisen%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=10963602
http://www.ncbi.nlm.nih.gov/pubmed/10963602
http://www.ncbi.nlm.nih.gov/pubmed/?term=Allison%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=23161709
http://www.ncbi.nlm.nih.gov/pubmed/23161709
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coates%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=25939896
http://www.ncbi.nlm.nih.gov/pubmed/?term=Winer%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=25939896
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goldhirsch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25939896
http://www.ncbi.nlm.nih.gov/pubmed?term=Tailoring%20therapies%20-%20improving%20the%20management%20of%20early%20breast%20cancer:%20St%20GallenInternational%20Expert%20Consensus%20on%20the%20Primary%20Therapy%20of%20Early%20Breast%20Cancer%202015%5Ball%5D&cmd=correctspelling
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abramson%20VG%5BAuthor%5D&cauthor=true&cauthor_uid=25043972
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vranic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20208479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tawfik%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20208479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palazzo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20208479
http://www.ncbi.nlm.nih.gov/pubmed/20208479


 47 

18. Farmer P, Bonnefoi H, Becette V, et al. Identification of molecular apocrine 

breast tumors by microarray analysis. Oncogene 2005; 24: 4660-4671. 

 

19. Lehmann BD, Bauer JA, Chen X et al. Identification of human triple-negative 

breast cancer subtypes and preclinical models for selection of targeted 

therapies. J Clin Invest. 2011; 121: 2750-2767. 

 

20. Schmadeka R, Harmon BE, Singh M. Triple-negative breast carcinoma: 

current and emerging concepts. Am J Clin Pathol. 2014; 141: 462-477. 

 

21. Kahán Z, Arencibia JM, Csernus VJ, et al. Expression of growth hormone-

releasing hormone (GHRH) messenger ribonucleic acid and the presence of 

biologically activeGHRH in human breast, endometrial, and ovarian cancers. J 

Clin Endocrinol Metab 1999; 84: 582-589. 

 

22. Rekasi Z, Czompoly T, Schally AV, et al. Isolation and sequencing of cDNAs 

of splice variants of growth hormone-releasing hormone receptors from human 

cancers. Proc Natl Acad Sci U S A 2000; 97: 10561-10566. 

 

23. Schally AV, Varga JL, Engel JB. Antagonists of growth-hormone-releasing 

hormone: an emerging new therapy for cancer. Nat Clin Pract Endocrinol 

Metab 2008; 4: 33-43. 

 

24. Garcia-Fernandez MO, Schally AV, Varga JL, et al. The expression of growth 

hormone-releasing hormone (GHRH) and its receptor splice variants in human 

breast cancer lines; the evaluation of signaling mechanisms in the stimulation 

of cell proliferation. Breast Cancer Res Treat 2003; 77: 15-26. 

 

25. Chatzistamou I, Schally AV, Kiaris H, et al. Immunohistochemical detection 

of GHRH and its receptor splice variant 1 in primary human breast cancers. 

Eur J Endocr 2004; 151: 391-396. 

 

26. Köster F, Engel JB, Schally AV, et al. Triple-negative breast cancers express 

receptors for growth hormone-releasing hormone (GHRH) and respond to 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lehmann%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=21633166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21633166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21633166
http://www.ncbi.nlm.nih.gov/pubmed/21633166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmadeka%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24619745
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harmon%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=24619745
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24619745
http://www.ncbi.nlm.nih.gov/pubmed/?term=Triple-Negative+Breast+Carcinoma+Current+and+Emerging+Concepts


 48 

GHRH antagonists with growth inhibition. Breast Cancer Res Treat 2009; 

116: 273-279. 

 

27. Barabutis N, Schally AV. Knocking down gene expression for growth 

hormone-releasing hormone inhibits proliferation of human cancer cell lines. 

Br J Cancer 2008; 98: 1790-1796. 

 

28. Barabutis N, Tsellou E, Schally AV et al. Stimulation of proliferation of MCF-

7 breast cancer cells by a transfected splice variant of growth hormone-

releasing hormone receptor. Proc Natl Acad Sci U S A 2007; 104: 5575-5579. 

 

29. Bellyei S, Schally AV, Zarandi M. GHRH antagonists reduce the invasive and 

metastatic potential of human cancer cell lines in vitro. Cancer Lett 2010; 293: 

31-40. 

 

30. Kahán Z, Varga JL, Schally AV, et al. Antagonists of growth hormone–

releasing hormone arrest the growth of MDA–MB–468 estrogen–independent 

human breast cancers in nude mice. Breast Cancer Res Treat 2000; 60: 71-79. 

 

31. Seitz S, Hohla F, Schally AV et al. Inhibition of estrogen receptor positive and 

negative breast cancer cell lines with a growth hormone-releasing hormone 

antagonist. Oncol Rep 2008; 20: 1289-1294. 

 

32. Havt A, Schally AV, Halmos G, et al. The expression of the pituitary GHRH 

receptor and its splice variants in normal and neoplastic human tissues. Proc 

Natl Acad Sci U S A 2005; 102: 17424-17429. 

 

33. Gallego R, Pintos E, García-Caballero T, et al. Cellular distribution of growth 

hormone-releasing hormone receptor in human reproductive system and breast 

and prostate cancers. Histol Histopathol 2005; 20: 697-706. 

 

34. Schulz S, Röcken C, Schulz S. Immunocytochemical localisation of plasma 

membrane GHRH receptors in human tumours using a novel anti-peptide 

antibody. Eur J Cancer 2006; 42: 2390-2396. 



 49 

 

35. Halmos G, Schally AV, Czompoly T, et al. Expression of growth 

hormonereleasing hormone and its receptor splice variants in human prostate 

cancer. J Clin Endocrinol Metab 2002; 87: 4707-4714. 

 

36. Kaghad M, Bonnet H, Yang A, et al. Monoallelically expressed gene related to 

p53 at 1p36, a region frequently deleted in neuroblastoma and human cancers. 

Cell 1997; 90: 809-819. 

 

37. Osada M, Ohba M, Kawahara C, et al. Cloning and functional analysis of 

human p51, which structurally and functionally resembles p53. Nat Med 1998; 

4: 839-843. 

 

38. Levine AJ. p53, a cellular gatekeeper for growth and division. Cell 1997; 88: 

323-331. 

 

39. Wang XW, Harris CC. p53 tumor-suppressor gene: clues to molecular 

carcinogenesis. J Cell Physiol 1997; 173: 247-255. 

 

40. Yang A, Schweitzer R, Sun D, et al. p63 is essential for regenerative 

proliferation in limb, craniofacial and epithelial development. Nature1999; 

398: 714-718. 

 

41. Shimada A, Kato S, Enjo K, et al. The transcriptional activities of p53 and its 

homologue p51/p63: similarities and differences. Cancer Res 1999; 59: 2781-

2786. 

 

42. Little NA, Jochemsen AG. p63. Int J Biochem Cell Biol 2002; 34: 6-9. 

 

43. Senoo M, Matsumura Y, Habu S. TAp63gamma (p51A) and dNp63alpha 

(p73L), two major isoforms of the p63 gene, exert opposite effects on the 

vascular endothelial growth factor (VEGF) gene expression. Oncogene 2002; 

21: 2455-2465. 

 



 50 

44. Kargi A, Gurel D, Tuna B. The diagnostic value of TTF-1, CK 5/6, and p63 

immunostaining in classification of lung carcinomas. Appl Immunohistochem 

Mol Morphol 2007; 15: 415-420. 

 

45. Barbareschi M, Pecciarini L, Cangi MG, et al. p63, a p53 homologue, is a 

selective nuclear marker of myoepithelial cells of the human breast. Am J Surg 

Pathol 2001; 25: 1054-1060. 

 

46. Signoretti S, Waltregny D, Dilks J: p63 is a prostate basal cell marker and is 

required for prostate development. Am J Pathol 2000; 157: 1769-1775. 

 

47. Srinivasan M, Parwani AV. Diagnostic utility of p63/P501S double sequential 

immunohistochemical staining in differentiating urothelial carcinoma from 

prostate carcinoma. Diagn Pathol 2011; 6: 67. 

 

48. Werling RW, Hwang H, Yaziji H, et al. Immunohistochemical distinction of 

invasive from noninvasive breast lesions: a comparative study of p63 versus 

calponin and smooth muscle myosin heavy chain. Am J Surg Pathol 2003; 27: 

82-90. 

 

49. Bishop JA, Teruya-Feldstein J, Westra WH, et al. p40 (ΔNp63) is superior to 

p63 for the diagnosis of pulmonary squamous cell carcinoma. Mod Pathol 

2012; 25: 405-415. 

 

50. Rakha EA, Putti TC, Abd El-Rehim DM, et al. Morphological and 

immunophenotypic analysis of breast carcinomas with basal and myoepithelial 

differentiation. J Pathol. 2006; 208: 495-506. 

 

51. Livasy CA, Karaca G, Nanda R, et al. Phenotypic evaluation of the basal-like 

subtype of invasive breast carcinoma. Mod Pathol. 2006; 19: 264-271. 

 

52. Rakha EA, Reis-Filho JS, Ellis IO. Basal-like breast cancer: a critical review. J 

Clin Oncol. 2008; 26: 2568-2581. 

 



 51 

53. Turner AJ, Isaac RE, Coates D. The neprilysin (NEP) family of zinc 

metalloendopeptidases: genomics and function. Bioessays 2001; 23:261-269. 

 

54. Roques BP, Noble F, Daug. V, et al. Neutral endopeptidase 24.11: structure, 

inhibition, and experimental and clinical pharmacology. Pharmacol Rev 1993; 

45: 87-146. 

 

55. Maguer-Satta V, Besan.on R, Bachelard-Cascales E: Concise review: neutral 

endopeptidase (CD10): a multifaceted environment actor in stem cells, 

physiological mechanisms, and cancer. Stem Cells 2011; 29: 389-396. 

 

56. Barker PE, Shipp MA, D’Adamio L, rt al. The common acute lymphoblastic 

leukemia antigen gene maps to chromosomalregion 3 (q21-q27). J Immunol 

1989; 142: 283–287. 

 

57. D’Adamio L, Shipp MA, Masteller EL, et al. Organization of the gene 

encoding common acute lymphoblastic leukemia antigen (neutral 

endopeptidase 24.11): multiple miniexons and separate 5 ′ untranslated 

regions. Proc Natl Acad Sci USA 1989; 86: 7103-7107. 

 

58. Zhang D, Gu T, Forsberg E, et al. Genetic and functional effects of membrane 

metalloendopeptidase on diabetic nephropathy development. Am J Nephrol 

2011; 34: 483-490. 

 

59. Helisalmi S, Hiltunen M, Vepsäläinen S, et al. Polymorphisms in neprilysin 

gene affect the risk of Alzheimer’s disease in Finnish patients. J Neurol 

Neurosurg Psychiatry 2004; 75: 1746-1748. 

 

60. Greaves MF, Brown G, Rapson NT, et al. Antisera to acute lymphoblastic 

leukemia cells. Clin Immunol Immunopathol 1975; 4:67-84. 

 

61. Pesando JM, Ritz J, Lazarus H, et al. Leukemia-associated antigens in ALL. 

Blood 1979; 54: 1240-1248. 

 



 52 

62. Choi WW, Weisenburger DD, Greiner TC, et al. A new immunostain 

algorithm classifies diffuse large B-cell lymphoma into molecular subtypes 

with high accuracy. Clin Cancer Res 2009; 15: 5494-5502. 

 

63. Deniz K, Coban G, Okten T. Anti-CD10 (56C6) expression in soft tissue 

sarcomas. Pathol Res Pract 2012; 208: 281-285. 

 

64. Yada K, Kashima K, Daa T, et al. Expression of CD10 in basal cell carcinoma. 

Am J Dermatopathol 2004; 26:463-471. 

 

65. Carrel S, Zografos L, Schreyer M, et al. Expression of CALLA/CD10 on 

human melanoma cells. Melanoma Res 1993; 3: 319-323. 

 

66. Cohen AJ, Bunn PA, Franklin W, et al. Variable expression in human lung, 

inactivation in lung cancer, and modulation of peptide-induced calcium flux. 

Cancer Res 1996; 56: 831-839. 

 

67. Notohara K, Hamazaki S, Tsukayama C, et al. Solid-pseudopapillary tumor of 

the pancreas: Immunohistochemical localization of neuroendocrine markers 

and CD10. Am J Surg Pathol 2000; 24: 1361-1371. 

 

68. Borscheri N, Roessner A, Rocken C. Canalicular immunostaining of 

neprilysin (CD10) as a diagnostic marker for hepatocellular carcinomas. Am J 

Surg Pathol 2001; 25: 1297-1303. 

 

69. Huang WB, Zhou XJ, Chen JY, et al. CD10-positive stromal cells in gastric 

carcinoma: correlation with invasion and metastasis. Jpn J Clin Oncol 2005; 

35: 245-250. 

 

70. Terauchi M, Kajiyama H, Shibata K, et al. Anti-progressive effect of neutral 

endopeptidase 24.11 (NEP/CD10) on cervical carcinoma in vitro and in vivo. 

Oncology 2005; 69: 52-62. 

 



 53 

71. Chu P, Arber DA. Paraffin-section detection of CD10 in 505 

nonhematopoietic neoplasms. Frequent expression in renal cell carcinoma and 

endometrial stromal sarcoma. Am J Clin Pathol 2000; 113: 374-382. 

 

72. Bircan S, Candir O, Kapucuoglu N, et al. CD10 expression in urothelial 

bladder carcinomas: a pilot study. Urol Int 2006; 77: 107-113. 

 

73. Song J, Aumüller G, Xiao F, et al. Cell specific expression of CD10/neutral 

endopeptidase 24.11 gene in human prostatic tissue and cells. Prostate 2004; 

58: 394-405. 

 

74. Weil M, Itin A, Keshet E. A role for mesenchyme-derived tachykinins in tooth 

and mammary gland morphogenesis. Development 1995; 121: 2419-2428. 

 

75. Kenny AJ, O’Hare MJ, Gusterson BA. Cellsurface peptidases as modulators 

of growth and differentiation. Lancet 1989; 2: 785-787. 

 

76. Bachelard-Cascales E, Chapellier M, Delay E, et al. The CD10 enzyme is a 

key player to identify and regulate human mammary stem cells. Stem Cells 

2010; 28: 1081-1088. 

 

77. Sapino A, Macr. L, Tonda L, et al. Oxytocin enhances myoepithelial cell 

differentiation and proliferation in the mouse mammary gland. Endocrinology 

1993; 133: 838-842. 

 

78. Makretsov NA, Hayes M, Carter BA, et al. Stromal CD10 expression in 

invasive breast carcinoma correlates with poor prognosis, estrogen receptor 

negativity, and high grade. Mod Pathol 2007; 20: 84-89. 

 

79. Iwaya K, Ogawa H, Izumi M, et al. Stromal expression of CD10 in invasive 

breast carcinoma: a new predictor of clinical outcome. Virchows Arch 2002; 

440: 589-593. 

 



 54 

80. Al-Masri M, Darwazeh G, Sawalhi S, et al. Phyllodes tumor of the breast: role 

of CD10 in predicting metastasis. Ann Surg Oncol 2012; 19: 1181-1184. 

 

81. Kalof AN, Tam D, Beatty B, et al. Immunostaining patterns of myoepithelial 

cells in breast lesions: a comparison of CD10 and smooth muscle myosin 

heavy chain. J Clin Pathol 2004; 57: 625-629. 

 

82. Dewar R, Fadare O, Gilmore H, et al. Best practices in diagnostic 

immunohistochemistry: myoepithelial markers in breast pathology. Arch 

Pathol Lab Med 2011; 135: 422-429. 

 

83. NordiQC: CD10. http://www.nordiqc.org/Epitopes/CD10/CD10.htm (accessed 

9 May 2015) 

 

84. Cheang MCU, Chia SK, Voduc D et al. Ki67 index, HER2 status, and 

prognosis of patients with luminal B breast cancer. J Natl Cancer Inst 2009; 

101: 736-750. 

 

85. Tabár L, Chen HH, Yen MF, et al. Mammographic tumor features can predict 

long-term outcomes reliably in women with 1-14-mm invasive breast 

carcinoma. Cancer 2004; 101: 1745-1759. 

 

86. Tabár L, Chen HH, Duffy SW, et al. A novel method for prediction of long-

term outcome of women with T1a, T1b, and 10-14 mm invasive breast 

cancers: a prospective study. Lancet 2000; 355: 429-433. 

 

87. Pálka I, Ormándi K, Gaál S, et al. Casting-type calcifications on the 

mammogram suggest a higher probability of early relapse and death among 

high-risk breast cancer patients. Acta Oncol 2007; 46: 1178-1183. 

 

88. Wolff AC, Hammond ME, Schwartz JN, et al. American Society of Clinical 

Oncology/College of American Pathologists guideline recommendations for 

human epidermal growth factor receptor 2 testing in breast cancer. J Clin 

Oncol 2007; 25: 118-145. 



 55 

 

89. Hammond ME, Hayes DF, Dowsett M, et al. American Society of Clinical 

Oncology/College of American Pathologists guideline recommendations for 

immunohistochemical testing of estrogen and progesterone receptors in breast 

cancer. Arch Pathol Lab Med 2010; 134: 48-72. 

 

90. Hilson JB, Schnitt SJ, Collins LC: Phenotypic alterations in myoepithelial 

cells associated with benign sclerosing lesions of the breast. Am J Surg Pathol 

2010; 34: 896-900. 

 

91. Hilson JB, Schnitt SJ, Collins LC: Phenotypic alterations in ductal carcinoma 

in situ-associated myoepithelial cells: biologic and diagnostic implications. 

Am J Surg Pathol 2009; 33: 227-232. 

 

92. Nielsen TO, Hsu FD, Jensen K, et al. Immunohistochemical and clinical 

characterization of the basal-like subtype of invasive breast carcinoma. Clin 

Cancer Res 2004; 10: 5367-5374. 

 

93. Cserni G. Benign apocrine papillary lesions of the breast lacking or virtually 

lacking myoepithelial cells – potential pitfalls in diagnosing malignancy. 

APMIS 2012; 120: 249-252 

 

94. Sotiriou C, Wirapati P, Loi S, et al. Gene expression profiling in breast cancer: 

understanding the molecular basis of histologic grade to improve prognosis. J 

Natl Cancer Inst 2006; 98: 262-72. 

 

95. Tabár L, Tot T, Dean PB. Breast Cancer – Early Detection with 

Mammography. Casting Type Calcifications: Sign of a Subtype with 

Deceptive Features. Stuttgart: Thieme, 2007. 

 

96. Zunzunegui RG, Chung MA, Oruwari J, et al. Casting-type calcifications with 

invasion and high-grade ductal carcinoma in situ: a more aggressive disease? 

Arch Surg 2003; 138: 537-540. 

 



 56 

97. Bennett RL, Evans AJ, Kutt E, et al. Pathological and mammographic 

prognostic factors for screen detected cancers in a multi-centre randomised, 

controlled trial of mammographic screening in women from age 40 to 48 

years. Breast 2011; 20: 525-528. 

 

98. James JJ, Evans AJ, Pinder SE, et al. Is the presence of mammographic 

comedo calcification really a prognostic factor for small screen-detected 

invasive breast cancers? Clin Radiol 2003; 58: 54-62. 

 

99. Mansson E, Bergkvist L, Christenson G, et al. Mammographic casting-type 

calcifications is not a prognostic factor in unifocal small invasive breast 

cancer: a population-based retrospective cohort study. J Surg Oncol 2009; 

100: 670-674. 

 

100. Seitz S, Rick FG, Schally AV, et al. Combination of GHRH antagonists and 

docetaxel shows experimental effectiveness for the treatment of triple-negative 

breast cancers. Oncol Rep 2013; 30: 413-418. 

 

101. Perez R, Schally AV, Popovics P, et al. Antagonistic analogs of growth 

hormone-releasing hormone increase the efficacy of treatment of triple 

negative breast cancer in nude mice with doxorubicin; A preclinical study. 

Oncoscience. 2014; 1: 665-673. 

 

102. Wilkerson PM, Dedes KJ, Lopez-Garcia MA, et al. The molecular evolution 

of breast cancer precursors and risk indicators. In: Kahán Z, Tot T, editors. 

Breast Cancer, a Heterogeneous Disease Entity – The Very Early Stages. 

Dordrecht-Heidelberg- London-New York: Springer Science+Business Media, 

2011: 89-118. 

 

103. Dedes KJ, Wilkerson PM, Reis-Filho JS. Immunohistochemistry and 

molecular biology of breast cancers: Old and new prognostic factors. In: 

Kahán Z, Tot T, editors. Breast Cancer, a Heterogeneous Disease Entity – The 

Very Early Stages. Dordrecht-Heidelberg- London-New York: Springer 

Science+Business Media, 2011: 119-148. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Perez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25593995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schally%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=25593995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Popovics%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25593995
http://www.ncbi.nlm.nih.gov/pubmed/25593995


 57 

 

104. Hayes MM: Adenomyoepithelioma of the breast: a review stressing its 

propensity for malignant transformation. J Clin Pathol 2011; 64: 477-484. 

 

105. Kim SK, Jung WH, Koo JS. p40 (ΔNp63) expression in breast disease and its 

correlation with p63 immunohistochemistry. Int J Clin Exp Pathol 2014; 7: 

1032-1041. 

 

106. Sarda R, Taylor J. p40 (ΔNp63), a lung squamous cell marker, can also be 

used to label breast myoepithelial cells. Arch Pathol Lab Med 2014; 138: 584. 

 

107. Won JR, Gao D, Chow C, et al. A survey of immunohistochemical biomarkers 

for basal-like breast cancer against a gene expression profile gold standard. 

Mod Pathol. 2013; 26: 1438-1450. 

 

108. Thike AA, Cheok PY, Jara-Lazaro AR, et al. Mod Pathol. Triple-negative 

breast cancer: clinicopathological characteristics and relationship with basal-

like breast cancer. 2010; 23: 123-133. 

 

109. Bidard FC, Conforti R, Boulet T, et al. Does triple-negative phenotype 

accurately identify basal-like tumour? An immunohistochemicalanalysis based 

on 143 'triple-negative' breast cancers. Ann Oncol. 2007; 18: 1285-1286. 

 

110. Rakha EA, Elsheikh SE, Aleskandarany MA, et al. Triple-negative breast 

cancer: distinguishing between basal and nonbasal subtypes. Clin Cancer Res. 

2009; 15: 2302-2310. 

 

111. Reis-Filho JS, Milanezi F, Steele D, et al. Metaplastic breast carcinomas are 

basal-like tumours. Histopathology. 2006; 49: 10-21. 

 

112. Tse GM, Tan PH, Chaiwun B, et al. p63 is useful in the diagnosis of 

mammary metaplastic carcinomas. Pathology. 2006; 38: 16-20. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Won%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=23702728
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23702728
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chow%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23702728
http://www.ncbi.nlm.nih.gov/pubmed/23702728
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thike%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=19855377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheok%20PY%5BAuthor%5D&cauthor=true&cauthor_uid=19855377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jara-Lazaro%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=19855377
http://www.ncbi.nlm.nih.gov/pubmed/19855377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bidard%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=17675400
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conforti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17675400
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boulet%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17675400
http://www.ncbi.nlm.nih.gov/pubmed/?term=Does+triple-negative+phenotype+accurately+identify+basal-like+tumour%3F+An+immunohistochemical+analysis+based+on+143+%E2%80%98triple-negative%E2%80%99+breast+cancers
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rakha%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=19318481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elsheikh%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19318481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aleskandarany%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=19318481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Triple-Negative+Breast+Cancer%3A+Distinguishing+between+Basal+and+Nonbasal+Subtypes
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reis-Filho%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=16842242
http://www.ncbi.nlm.nih.gov/pubmed/?term=Milanezi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16842242
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steele%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16842242
http://www.ncbi.nlm.nih.gov/pubmed/16842242
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tse%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=16484002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=16484002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chaiwun%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16484002
http://www.ncbi.nlm.nih.gov/pubmed/16484002


 58 

113. Bains AS, Sidhu JS. CD10 positivity in breast epithelial neoplasms. J Clin 

Pathol 2007; 60: 958-959. 

 

114. Stingl J, Eaves CJ, Kuusk U, et al. Phenotypic and functional characterization 

in vitro of a multipotent epithelial cell present in the normal adult human 

breast. Differentiation 1998; 63: 201-213. 

 

115. Kesse-Adu R, Shousha S. Myoepithelial markers are expressed in at least 29% 

of oestrogen receptor negative invasive breast carcinoma. Mod Pathol 2004; 

17: 646-652. 

 

116. Leibl S, Gogg-Kammerer M, Sommersacher A, et al. Metaplastic breast 

carcinomas: are they of myoepithelial differentiation? Immunohistochemical 

profile of the sarcomatoid subtype using novel myoepithelial markers. Am J 

Surg Pathol 2005; 29: 347-353. 

 

117. Buza N, Zekry N, Charpin C, et al. Myoepithelial carcinoma of the breast: a 

clinicopathological and immunohistochemical study of 15 diagnostically 

challenging cases. Virchows Arch 2010; 457: 337-345. 

 

118. Vranic S, Gatalica Z, Deng H, et al. ER-α36, a novel isoform of ER-α66, is 

commonly overexpressed in apocrine and adenoid cystic carcinomas of the 

breast. J Clin Pathol 2011; 64: 54-57. 

 

119. Smollich M, Götte M, Yip GW, et al. On the role of endothelin-converting 

enzyme-1 (ECE-1) and neprilysin in human breast cancer. Breast Cancer Res 

Treat 2007; 106: 361-369. 


