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ABSTRACT  

Signet-ring cells are relatively common in breast cancers but are frequently overlooked. Although 

previously defined as a subtype of mucin producing carcinomas, breast carcinomas with signet-ring 

cell (SRC) differentiation nowadays are not considered a distinct entity. 

The objective of the present study was to characterize the morphological features and mucin 

expression profile of breast carcinomas with SRC differentiation. All breast carcinomas diagnosed 

at Centro Hospitalar S. Joao between 1996 and 2006 in which the pathology report mentioned the 

presence of SRCs (n = 11) and four mucinous carcinomas were included in the study. The frequency 

of SRCs and immunohistochemistry expression of MUC1/MUC2/MUC5AC/MUC6 were evaluated. 

We confirmed that SRC differentiation can occur in different histological types, including ductal, 

lobular, mucinous and metaplastic carcinomas. The proportion of SRCs was highly variable (range: 

8–70%). Tumors encompassed SRCs of intracytoplasmic lumina and goblet-cell type. A higher 

percentage of SRCs was associated with lymphovascular invasion (p = 0.047). All tumors expressed 

cytoplasmic and membranous MUC1. Secretory mucins were more frequent in mucinous 

carcinomas and in carcinomas with extensive SRC differentiation. 

We conclude that besides the usefulness of mucin immunodetection for the differential diagnosis of 

carcinomas with SRC differentiation of breast origin, it is important to report SRC differentiation 

regardless of histological type because of its intrinsic prognostic value. 

Highlights  

• Morphology and mucin expression of breast carcinomas with SRCs were characterized. 

 

• SRC differentiation was present in different histological types of breast carcinoma. 

 

• SRCs of the intracytoplasmic lumina type and goblet type were identified. 

 

• Cytoplasmic and membranous MUC1 was expressed in all tumors. 

 

• Secretory mucin expression varied with histological type. 

INTRODUCTION  

Breast carcinomas with signet-ring cell (SRC) differentiation, although previously defined as a 

subtype of mucin producing carcinomas, are no longer considered by the World Health 

Organization (WHO) to represent a distinct entity [1], [2]. Nevertheless, SRC differentiation has 

been associated with a greater frequency of axillary lymph nodal involvement and a higher 

mortality rate than those observed in other forms of breast cancer [3], [4], [5]. 

SRCs are characterized by a well-defined globule of mucinous material that causes peripheral 

displacement of the nucleus. SRCs may have different morphological characteristics: 

intracytoplasmic lumina containing some eosinophilic material or apparently empty – 

“intracytoplasmic lumina type”; pale, homogeneous eosinophilic cytoplasm – “eosinophilic type”; 

abundant, finely vacuolated and faintly basophilic cytoplasm – “goblet-cell type” [6]. 
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Mucins are high molecular weight glycoproteins, classified into two main groups: secretory (MUC2, 

MUC5AC, MUC5B, and MUC6) and transmembrane mucins (MUC1, MUC3A, MUC3B, MUC4, 

MUC12, MUC16 and MUC17) [7]. Much interest has been paid to the expression of mucins because 

of their potential role in distinguishing metastasis of breast carcinoma from those of gastro-

intestinal origin, as well as for their prognostic role in breast cancer [8], [9], [10]. 

The aim of the present study was to characterize the morphological features and mucin expression 

profile of breast invasive carcinomas with SRC differentiation. 

MATERIALS AD METHODS 

Following ethical approval by the Ethical Committee for Health of Centro Hospitalar S. João (CHSJ), 

breast invasive carcinomas diagnosed between 1996 and 2006, in which the pathology report 

mentioned the presence of SRC (n = 11), were retrieved from CHSJ surgical pathology database. 

These represented 1.2% of all breast invasive carcinomas diagnosed in the same period of time. 

Four representative mucinous carcinomas were randomly selected for the study. Clinical 

information was collected from the medical records, and the pathological material was reviewed 

according to the current WHO guidelines [2]. In each case, the tumor tissue had been fixed in 10% 

buffered formalin and embedded in paraffin; 3-μm thick sections were stained with hematoxylin–

eosin. Representative sections of the tumors were stained with periodic acid-Schiff with diastase 

digestion (PAS-D). The presence of SRC in each tumor was evaluated quantitatively by two 

observers (CB and CE) that independently determined the percentage of SRCs among the total 

number of tumor cells assessed in ten high power fields centered in SRCs hot spots. 

Immunohistochemical assays were carried out using the avidin–biotin method as previously 

described [11]. MUC1, MUC5AC, MUC6, and MUC2 were detected using monoclonal antibodies 

HMFG [12], CLH2 [13], CLH5 [14], and PMH1 [15], respectively. Estrogen receptor (ER) (clone: SP1, 

Neomarkers, Fremont, CA, USA), E-cadherin (clone: 4A2C7, Zymed/Invitrogen, Carlsbad, CA, USA), 

CD56 (clone: 1B6, Novocastra, Newcastle, UK), synaptophysin (27G12, Novocastra, Newcastle, UK) 

and GCDFP-15 (clone: 23A3, Thermo Scientific, Fremont, CA, USA) expression were also evaluated. 

A case was considered ER positive when more than 1% of the tumor cells were positive. For the 

remaining antibodies, a 5% cut-off was used [16]. 

Data was analyzed using STATA (STATACorp, Texas, USA), version 12.1. Mann–Whitney and 

Kruskal–Wallis rank tests were used to compare mean SRC percentage between tumors with and 

without lymphovascular invasion, lymph node metastases, and tumor grade. Spearman correlation 

coefficient was used to test the association between SRC percentage and tumor size. A p value 

equal or less than 0.05 was considered significant. 

RESULTS 

The clinical and pathological features of the 15 cases are summarized in Table 1. The mean and 

median ages were 65.4 and 64 years, respectively, with a range of 34–85 years. The most frequent 

location of tumors was the upper outer quadrant of the breast. All patients were submitted to 

diagnostic fine needle aspiration or core biopsy. Of these only two core biopsies were available for 

review and showed signet ring cells representation. Of the remaining biopsies, three also 

mentioned signet rings in the report. Lumpectomy (n = 5) or total mastectomy (n = 10) was 
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performed, with sentinel node biopsy (n = 12) followed by nodal dissection whenever appropriate (n 

= 9). Three patients did not undergo lymph node evaluation. Four patients were treated with 

chemotherapy, eight patients underwent local radiotherapy and nine received hormone therapy. 

For two patients, data on adjuvant treatment were not available, and for six, there was no 

information concerning hormone treatment. The median follow-up time was 87 months, ranging 

from 2 months to 12.6 years. The three patients who died of disease had distant tumor spread at 

diagnosis. 

The size of the tumors ranged from 0.9 to 8.5 cm (mean: 3.3 cm) in maximum diameter. The gross 

specimens of the 11 cases identified as displaying SRCs (Table 1 – cases 1–11) were invariably 

described as whitish-gray, ill-defined masses. In the mucinous carcinoma cases, the lesions were 

described as gelatinous masses. Histologically, seven of the 11 tumors with SRCs were classified as 

ductal carcinoma (one of which rich in osteoclast-like giant cells), three as lobular carcinoma (two 

pleomorphic and one classical) and one as metaplastic carcinoma (with mixed squamous cell and 

spindle cell components). All but one (the metaplastic carcinoma) of these 11 tumors had easily 

recognizable areas of SRC that constituted variable proportions of the total of tumor cells, ranging 

from 15% to 70%. SRCs were also identified in mucinous carcinomas, ranging from 8% to 17%. Two 

types of SRCs were observed: SRCs of the intracytoplasmic lumina type and of goblet cell type (Fig. 

1). Intracellular mucin was confirmed by PAS-D staining in all tumors. Extracellular mucin was only 

seen in mucinous carcinomas. 

In ductal carcinomas, the areas containing the highest concentrations of signet-ring cells were 

characterized by a more diffuse growth pattern, frequently with a solid, cohesive aspect (Fig. 2A). 

Areas of well-formed neoplastic acini containing SRCs were also seen. In ductal carcinomas, the 

SRCs had a variable appearance from case to case, some being of goblet cell and others of 

intracytoplasmic lumina type. Two ductal carcinomas had ductal carcinoma in situ containing 

numerous SRC (Fig. 2B). In the three lobular carcinomas SRC had intracytoplasmic lumina type 

morphology, and, although present in the “indian filing” pattern, were especially abundant in more 

densely cellular areas (Fig. 3A and B). The metaplastic carcinoma had SRCs of the goblet cell type. 

In the four mucinous carcinomas few SRCs, both of the goblet cell and intracytoplasmic lumina 

type, could be seen scattered in tumor islands amongst lakes of extracellular mucin, the percentage 

being higher in areas of solid sheets of cells with little extracellular mucin (Fig. 4A–C). 

Considering the cases identified initially as displaying SRCs (Table 1 – cases 1–11), a higher 

percentage of SRCs was significantly associated with lymphovascular invasion (mean SRCs 

percentage in tumors without versus with lymphovascular invasion: 30.0% and 52.7%, respectively, 

p = 0.047). Although there was a trend for higher SRC percentage in patients with lymph node 

metastases, this was not statistically significant (mean SRC percentage in tumors without versus 

with lymph node metastases: 39.3% and 47.0%, p = 0.462). There is no significant association 

between SRC% and tumor grade (mean SRC percentage by grade: G1 = 37.3%, G2 = 53.0%, G3 = 

36.0%, p = 0.445) or size (rs = 0.42; p = 0.146). 

 

Regarding the mucin immunostaining profile (Table 2), evaluation was focused preferentially in 

SRCs rich areas. All tumors showed cytoplasmic and membranous MUC1 immunoreactivity, not 
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limited to SRCs but diffusely expressed throughout the tumor (Figs. 3C and 4D). In tumors 

presenting intracytoplasmic lumina type SRCs, there was accentuation of the lumina membrane 

with luminal MUC1 expression. In mucinous carcinomas we observed that MUC1 had a strong 

intracytoplasmic expression in the cells within the tumor cell nests, not limiting itself to the 

peripheral cells, although in one case, we observed a slight enhancement in the peripheral area. 

The secretory mucins expression patterns varied between histological types, the proportion of 

positive tumor cells being highly variable in the different tumors. MUC2 (Figs. 2C and 3D) was 

expressed in three ductal and all three lobular carcinomas, although just focally in one ductal and in 

one lobular carcinoma. MUC5AC was negative in all cases except in one mucinous carcinoma. 

MUC6 (Figs. 2D and 4F) was expressed in three ductal carcinomas and three mucinous carcinomas. 

All tumors but one (the metaplastic carcinoma) were positive for estrogen receptors. E-cadherin 

was negative in the three lobular carcinomas. Synaptophysin expression was observed in one 

mucinous carcinoma and three ductal carcinomas with extensive SRC differentiation. Two of these 

ductal carcinomas exhibited strong synaptophysin expression (Fig. 2E) and one had focal cell 

immunoreactivity. The expression of GCDFP-15 was predominantly cytoplasmatic and often 

stained signet-ring cell content. Two out of three lobular carcinomas, three out of seven ductal 

carcinomas, and all four mucinous carcinomas showed GCDFP-15 expression. Synaptophysin 

expression coexisted with GCDFP-15 staining in two cases (Fig. 2F). 

DISCUSSION 

Carcinomas with SRC differentiation were previously considered a subtype of mucin producing 

carcinomas, some authors arguing in favor of their histogenetic association to lobular carcinoma 

and others to ductal carcinoma [3], [4], [6], [17], [18], [19], [20], [21]. In our series, we found SRCs in 

different histological types of invasive breast carcinoma (ductal, lobular, metaplastic and 

mucinous), supporting the current WHO suggestion that carcinomas with SRC differentiation are 

not a distinct entity [2]. The extent of SRCs present in the tumors is variable, being most frequently 

focal and in some cases constituting the majority of the tumor cells. In the present series, we 

observed as few as 8% SRCs in one mucinous carcinoma, to over 50% in one lobular and three 

ductal carcinomas. In areas where SRCs predominate, the tumors showed a more diffuse or solid 

infiltrative growth pattern. The criteria that we used for cell counting considered only the classical 

signet-ring shaped cells. Thus, the percentage of SRC present in the tumors may have been 

underestimated since the classical appearance depends upon the amount of mucin in the cells and 

the level of the cell's histological cross-section. 

Scattered SRCs are relatively common in breast carcinomas, particularly in lobular carcinomas, but 

are rarely reported. Some studies showed that carcinomas with extensive SRC differentiation 

(previously called SRC carcinomas) have distinctive clinical and pathologic features that warranted 

their individualization as an aggressive subtype of breast cancer [3], [4], [5]. However, there has 

never been a consensus regarding the extent of SRC differentiation that should be used for 

diagnosis [3], [4], [22]. Some authors demonstrated that a cut-off of 10% SRCs in lobular 

carcinomas separated tumors with a significant impact on prognosis and claimed that the 

percentage of SRC should therefore be reported as one of several prognostic variables [5]. In our 

small study, we also showed that a higher SRC percentage in tumors was significantly associated 

with the presence of lymphovascular invasion, and showed a trend toward the presence of lymph 
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node metastases, reflecting a more aggressive behavior. These results must be interpreted with 

caution given the limited number of cases of the present series, as well as putative selection bias. 

There was MUC1 immunoreactivity in all breast carcinomas irrespective of their histological type in 

accordance with most studies [9], [10], [23], [24]. MUC1 is a large trans-membrane highly 

glycosylated mucin which is expressed at the apical pole of normal cells in glandular epithelia. In 

malignancies, MUC1 is overexpressed on the entire cell surface, and most cases display aberrant 

cytoplasmic expression. Prominent aberrant cytoplasmic MUC1 expression has been associated 

with poorer outcome [9], [25], thus leading some authors to consider not only the positivity of 

expression but also its subcellular localization (luminal, membranous and/or cytoplasmic) [9]. In the 

present series, MUC1 expression was both cytoplasmic and membranous in all tumors. MUC1 

expression was not limited to the SRCs; it was present diffusely throughout the whole tumors, but 

in intracytoplasmic lumina type SRCs, there was a strong accentuation of immunoreactivity at the 

luminal membrane. Recent studies have shown that MUC1 can interact with β-catenin 

competitively for E-cadherin, thus destabilizing intercellular junctions and favoring metastatic 

dissemination [26]. Some studies showed that MUC1 aberrant expression may be negatively 

correlated with the normal expression of E-cadherin, particularly in gastric cancers [27], [28]. 

However, in most of the cases herein described, excluding lobular carcinomas, there was co-

expression of normal membranous E-cadherin and cytoplasmic MUC1. 

Few studies addressed mucin staining profiles in breast carcinomas with SRC differentiation. 

Nguyen et al. [22], in their series of six breast SRC carcinomas, observed that all cases expressed 

MUC1 and that there was a variable expression of MUC2 (33.3%), MUC5AC (16.7%) and MUC6 

(33.3%). Peiguo et al. [8], in their series of 21 breast SRC lobular carcinomas, reported that all cases 

were positive for MUC1 and all except one were negative for MUC2 and MUC5AC. Thus, a subset of 

breast carcinomas with SRC differentiation can express secretory mucins, as also shown in our 

series. Mucin expression profile can be helpful in the distinction of primary and metastatic breast 

carcinoma with SRC differentiation from a metastatic signet-ring cell carcinoma of gastrointestinal 

origin, since MUC1 is rare and secretory mucins are frequently expressed in the latter [8], [22]. 

Moreover, ER and GCDFP-15 were useful markers consistent with mammary origin expressed in 

most of our carcinomas with SRC differentiation. 

Some studies have demonstrated that mucinous carcinomas have a different secretory mucin 

expression profile than non-mucinous carcinomas, in particular, ductal invasive carcinomas [23], 

[24], [29], [30], [31], [32]. The epithelial cells of mucinous carcinomas were found to strongly 

express MUC2 and MUC6 and sometimes MUC5AC, three of the secreted gel-forming mucins, 

which are infrequently expressed in invasive ductal carcinomas of no special type. Indeed, the four 

mucinous carcinomas of our series expressed MUC2, three expressed MUC6, and one expressed 

MUC5AC. At variance with this, only two out of six ductal carcinomas expressed secretory mucins, 

these being the cases with higher number of SRCs. The production of remarkable amounts of MUC2 

in mucinous carcinomas is thought to act as a barrier that interferes with invasion of the adjacent 

parenchyma by the malignant cells; this assumption is advanced as a reason for the less aggressive 

behavior of mucinous carcinomas [9], [31]. In contrast, MUC2 expression in invasive ductal 

carcinomas, although uncommon, has been reported to be associated with aggressive tumor 

behavior [33]. These associations with diverse biological features may stem from the role played by 

specific glycosylation carried by mucins within each different carcinoma subtypes [34], [35]. 
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Curiously, in mucinous carcinomas, MUC2 is detected both in the cells’ cytoplasm and in the 

extracellular mucin deposits, whereas MUC6 expression is absent in the extracellular mucin. This 

may be due to the fact that the anti-MUC6 antibody used in the present study detects an epitope 

within the mucin protein core [14] and therefore loses its reactivity once the mucin core is fully 

glycosylated and secreted in some cells. 

Interestingly, two ductal carcinomas with widespread SRC differentiation also showed strong 

synaptophysin expression, raising the hypothesis of neuroendocrine differentiation, also described 

in association with other mucin-producing carcinomas of the breast [36]. Of note, one of the four 

mucinous carcinomas in our series was also synaptophysin positive. Finally, we also observed the 

coexpression of synaptophysin and GCDFP-15 in signet ring cells of ductal and lobular carcinomas, a 

finding similar to that of Sapino et al., whose study documented this co-expression in signet ring 

cells of solid papillary carcinomas [37]. 

CONCLUSION 

SRCs can occur in different histological types of breast carcinomas, including ductal, lobular, 

metaplastic, and mucinous. SRCs are associated with vascular invasion, which may represent an 

early marker of tumor dissemination; thus it is important to report SRC differentiation regardless of 

the histological type. Our immunohistochemistry results suggest that mucin expression profile 

varied with breast carcinoma histological types and show that carcinomas with SRC differentiation 

can express both transmembrane and secretory mucins. 
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FIGURES 

 

Fig. 1. The typical morphology signet-ring cells of the goblet-cell type (A: H&E, 100×) and of the 

intracytoplasmic lumina type (B: PAS-D, 100×). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Version: Postprint (identical content as published paper) This is a self-archived document from i3S – Instituto de 

Investigação e Inovação em Saúde in the University of Porto Open Repository For Open Access to more of our 

publications, please visit http://repositorio-aberto.up.pt/  

 

A
0

1
/0

0
 

 

 

Fig. 2. Ductal carcinoma with extensive signet-ring cell differentiation, both in the invasive areas, 

showing a solid growth pattern (A: H&E, 40×), and in the in situ component (B: H&E, 20×). There is 

MUC2 (C: 40×) MUC6 (D: 40x) and synaptophysin (E: 20×) and GCDFP-15 (F: 20×) expression. 
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Fig. 3. Lobular carcinoma showing an indian-file like pattern (A: PAS-D, 20×) with abundant signet-

ring cells of the intracytoplasmic lumina type (B: PAS-D, 100×). There is MUC1 (C: 20×) and MUC2 (D: 

20×) expression. 
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Fig. 4. Mucinous carcinoma with highly cellular areas (A: H&E, 10×) showing signet-ring cells both of 

the goblet-cell type (B: H&E, 100×) and intracytoplasmic lumina type (C: H&E, 100×). There is MUC1 

(D: 20×), MUC2 (E: 20×) and MUC6 (F: 20×) expression. 
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