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Abstract: The present study aimed to investigate the histopathological and immunohistochemical characteristics 
of Mammary Analogue Secretory Carcinoma (MASC) of the Salivary Gland. Methods: Four cases of MASC were 
diagnosed after microscope images review, immunohistochemsitry (IHC) for Mammaglobin protein, Gata3 protein, 
S-100 protein, DOG1 protein, and break-apart ETV6 fluorescence in situ hybridization (FISH) in forty salivary gland 
tumors. Results: We have shown a t(12;15)(p13;q25) ETV6-NTRK3 translocation in all but one case of MASC suit-
able for analysis. This translocation was not found in any other salivary gland tumor types including acinic cell carci-
noma (AciCC, 30 cases) and mucoepidermoid carcinoma (MEC, 6 cases). In IHC, all MASC showed diffuse positivity 
for Mammaglobin protein, Gata3 protein and S100 protein, as the DOG1 was negative. Conclusions: MASC is rare 
tumor and often misdiagnosed as other salivary tumors, but whose specific histopathological, IHC and molecular 
genetic characteristics can help to identify it. ETV6-NTRK3 gene translocation is easily found in MASC, but may not 
occur in every case.
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Introduction

Mammary Analogue Secretory Carcinoma of 
the Salivary Gland is a low-grade malignant 
tumor. It’s characterized by morphologic and 
immunohistochemical features strongly remi-
niscent of secretory carcinoma (SC) of the 
breast. Histologically, the tumors have been 
reported to show a microcystic, papillarycystic, 
glandular, or solid growth patterns, low-grade 
vesicular nuclei, pale pink granular or vacuolat-
ed “bubbly” cytoplasm, and intracellular secre-
tions, featuring subtypes of AciCC [1]. It used to 
be called the “zymogen-poor acinic cell carci-
noma”, but the current study found that it is a 
new independent type of tumor [3]. 

Acinic cell carcinoma of the salivary glands is 
found fundamentally in the parotid, being a low-
grade malignancy neoplasm, with a recurrence 
of between 12% and 35%, and survival at five 
years of 83.3% [4]. It shows a slow growing, 
glandular tumor, with no clinical peculiarity 
which differentiates it from other lesions of the 

salivary glands. AciCC is characterized by cyto-
logic and structural diversity, being composed 
of a mixture of serous acinar, intercalated duct-
like, hobnail, vacuolated, clear and nonspecific 
glandular cells arranged in solid/lobular, micro-
cystic, papillary-cystic and follicular growth pat-
terns [5].

ETV6-NTRK3 fusion gene has been reported to 
associate with SC of the breast, infant fibrosar-
coma, congenital mesoblastic nephroma and 
acute myelogenous leukemia [6, 7]. This gene 
is the product of a t(12;15)(p13;q25) that fuses 
the dimerization domain of a transcriptional 
regulator (ETV6) on chromosome 12 with a 
membrane receptor tyrosine kinase (NTRK3) 
on chromosome 15 and ETV6 is genetically 
unstable, thus susceptible to chromosomal 
rearrangements, and is implicated in leukemia, 
myelodysplastic syndromes and sarcomas, fus-
ing with dozens of genes such as ABL1, FGFR3, 
PAX5, SYK and JAK2, in addition to NTRK3 
[8-10]. ETV6-NTRK3 gene rearrangement has 
been proven in MASC as in other epithelial, 
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mesenchymal, or hematopoietic tumors. How- 
ever, the presence of ETV6-NTRK3 fusion gene 
has not been showed in any salivary gland 
tumor so far.

Materials and methods

We selected 40 salivary gland tumors, exclud-
ing fine-needle aspiration biopsy or frozen sec-
tion cases, from the first affiliated hospital of 
Zhengzhou university from 2011 to 2016, 
including 4 cases of MASC, 6 cases of MEC and 
30 cases of AciCC. They were retrospectively 
reviewed by 2 pathologists. The selection of 
study candidates was built on the histological 
features described by World Health Organization 
and recent literature. We used breast secretory 
carcinoma as a positive control for the FISH. All 
tissues were fixed in formalin, embedded in 
paraffin, 3 μm thick cut, and stained with 
hematoxylin-eosin (H&E) and immunohisto-
chemical. The antibody sources and basic infor-
mation are listed in Table 1. Immunohisto- 
chemical stainings were performed as the man-
ufacturer’s instructions. PBS was used as a 
negative control instead of primary antibody, 
and a known positive control was used as a 
positive control. FISH was performed using a 
breakapart probe for the ETV6 gene (Abbott 
Molecular, Des Plaines, IL, USA) according to 
the instructions. Fifty cells were examined in 
each case. A single green (or red) signal without 
a corresponding red (or green) signal in addi-
tion to a fused signal was considered negative 
(nonrearranged). Red and green signals that 
were less than 2 signal diameters apart were 
considered as a single fused signal. If more 
than 15% of examined nuclei showed a split 
signal, we considered it as the positive for 
translocation like reported by previous litera-
ture [11]. The slides were independently inter-
preted by 2 observers. The twice cell count 
readings by the 2 observers were added togeth-
er and a percentage was calculated. Valid FISH 
results were obtained in all cases.

years-72 years). Three cases originated in the 
parotid gland, whereas one case was diag-
nosed in the buccal mucosa. All patients under-
went surgical resection, one of whom under-
went a cervical lymph node dissection. While, it 
found to have no metastatic disease to a cervi-
cal lymph node. At the time of last follow-up, all 
of these patients were free of disease (mean 
follow-up, 8 months).

Histologic features

All MASC had a similar histologic appearance, 
exhibiting a mixture of microcystic, papillary, 
macrocystic, and follicular architectural pat-
terns. The tumor often divided by fibrous septa, 
like lobular. The borders of the carcinoma were 
usually circumscribed, but they could invasion 
within the salivary gland even extension to 
extraglandular tissues. Abundant bubbly secre-
tion was present within microcystic and tubular 
spaces. The tumor cells were of medium size, 
oval, cubic or polygonal. The tumor cells dem-
onstrated eosinophilic to focally clear cyto-
plasm that often had a vacuolated quality. 
Cellular atypia was mild, and mitotic figures and 
necrosis were in most cases rare. While, tumor 
cells may have mild atypia in solid sheet area 
(See Figure 1). In contrast to acinic cell carci-
noma, none of the MASC exhibited overt serous 
acinar differentiation in the form of basophilic 
cytoplasmic granules.

Immunohistochemistry and ETV6 FISH

The immunohistochemical profiles for the 40 
tumors are summarized in Table 3. All MASC 
showed diffuse and strong Mammaglobin, 
Gata-3 and S-100 protein staining. In contrary, 
Dog-1 protein staining was negative (See Figure 
2). The analysis of ETV6-NTRK3 fusion tran-
script revealed positivity in 3 studied samples 
and 2 positive controls (2 breast secretory car-
cinomas), whereas the tumor in one case 
remained negative. All negative controls (vari-
ous acinic cell carcinoma and mucoepidermoid 

Table 1. Immunohistochemical antibodies used and their conditions
Primary antibodies Source Clone Antigen retrieval
Dog-1 MXB Rabbit polyclonal (SP31) Citrate (pH 6.0)
S-100 MXB Mouse monoclonal (16/f5) EDTA (pH 9.0)
Gata-3 MXB Mouse monoclonal (L50-823) EDTA (pH 9.0)
Mammaglobin MXB Mouse monoclonal (304-1A5) EDTA (pH 9.0)

Results

Patient clinical parameters 

The clinical features of the 
4 cases of MASC in the cur-
rent study are summarized 
in Table 2. The average age 
was 52 years (range, 20 
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carcinoma of salivary gland) lacked evidence of 
ETV6-NTRK3 gene rearrangement (See Figure 
3).

Discussion

Mammary Analogue Secretory Carcinoma of 
salivary gland was first presented by Skálová et 
al. in 2010, as a distinctive neoplasm with 
strong similarities to breast secretory carcino-
ma including ETS variant gene 6 (ETV6) neuro-
trophic tyrosine kinase receptor, type 3 (NTRK3) 

conventional AciCC, which affected females 
more frequently than males as the previous lit-
erature reported. In our study, the parotid gland 
was the most frequently involved site in MASC. 
Regarding biological behaviour, MASC appears 
to have a higher incidence of regional lymph 
node involvement than AciCC. However, in our 
series, these MASC did have an opposite result. 
Such as, we found to have no metastatic dis-
ease to a cervical lymph node in all cases. 
Patients often achieve the purpose of cure by 

Table 2. Clinical parameters of mammary analogue secretory carcinoma (MASC)
Case Age Sex Site Size (mm) Clinial Presentation Treatment Follow-up (M)
1 65 Man Parotid gland 30×25×10 Painless nodule CP AFD/9
2 52 Woman Parotid gland 40×25×15 Rapid growth CP AFD/8
3 72 Man Buccal mucosa 55×30×15 Recurrent tumor RP/ND AFD/8
4 20 Woman Parotid gland 25×20×10 Painless nodule CP AFD/7
Abbreviations: AFD, alive and free of disease; CP, conservative parotidectomy; ND, neck dissection; RP, radical parotidectomy.

Figure 1. Histologically, all MASC cases divided by fibrous septa and were composed of microcystic, papillary, mac-
rocystic or solid patterns (A/B, H&E, ×40). Tumor cells with abundant finely granular, vacuolated cytoplasm were 
observed and more solid area with mild cellular atypia (C/D, H&E, ×200).

Table 3. Immunohistochemical and ETV6 split FISH results 
of MASC, AciCC and MEC

Mammaglobin Gata-3  S-100 Dog-1 ETV6 split
MASC (n=4) 4/4 4/4 3/4 0/4 3/4
AciCC (n=30) 0/30 0/30 0/30 29/30 0/30
MEC (n=6) 0/6 0/6 0/6 0/6 0/6

translocation [1, 2]. Since their re- 
port, a succession of studies has fol-
lowed to characterize and distin-
guish MASC from other salivary 
gland tumors. Although no differenc-
es in gender distribution were found 
in our study, a noticeable male predi-
lection was observed compared with 
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routine surgical removal of the mass. As Simion, 
et al. reported in 2012, the presence of the 
ETV6-NTRK3 translocation may represent a 
therapeutic target in MASC. Translocations 
involving ETV6 have been noted in acute and 
chronic leukaemias. In addition to NTRK3, 
ETV6 can fuse with other genes such as ABL1, 
RUNX1 or FLT3. As such, these leukaemias 
have been reported occasionally to respond to 

TK inhibitors. Additionally, in-vitro studies of the 
breast counterpart and namesake of MASC, 
secretory carcinoma of the breast, showed 
dependence of the transforming activity of 
ETV6-NRTK3 on the insulin-like growth factor 
receptor (IGFR1) axis. Thus, recognition of 
MASC may be important if, in future, TK or 
IGFR1 inhibition becomes a viable therapeutic 
option [2].

Figure 2. Immunoprofile, strong staining for Mammaglobin (A, ×200). The tumor cells show strong nuclear expres-
sion of Gata-3 (B, ×200). In most cases there was significant positivity for S-100 (C, ×200). The almost all tumor 
cells show negative in expression of Dog-1 (D, ×200).

Figure 3. ETV6 fluorescence in situ hybridization (FISH), AciCC showing a negative ETV6 FISH as evident by fused 
(yellow) signals in all cells (A). MASC showing fused (yellow) signals and split (red and green) signals indicative of a 
translocation (B).
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The neoplastic cells of MASC resemble interca-
lated duct cells, and they have low-grade nuclei 
with distinctive nuclear membranes and cen-
trally located nucleoli. And it was structurally 
homogenous, uniformly composed of microcys-
tic and slightly dilated glandular spaces with 
secretory material in lumina. In its differential 
diagnosis, the principal consideration is AciCC. 
The conventional AciCC contained pinkish or 
grayish bluecolored amorphous materials, 
which were positive for periodic acidSchiff 
(PAS). In our study, all AciCC showed strong 
Dog-1 protein staining. In contrary to MASC, 
Mammaglobin, Gata-3 and S-100 protein stain-
ing was negative. What’s more, all AciCC cases 
showing a negative ETV6 FISH as evident by 
fused signals cells. In identified with MEC, on 
the one hand, MASC did not show mucinous 
cells lining cystic spaces, goblet-type mucinous 
cells, or a true epidermoid/squamoid compo-
nent [12]. On the other hand, MASC lacks p63 
staining and shows diffuse S100 positivity in 
most cases, which would be distinctly unusual 
in MEC. Meanwhile, more than 50% of MEC are 
characterized by a t(11;19) translocation cod-
ing for a CRTC1-MAML2 fusion protein [13]. 
This is distinct from the t(12;15) translocation 
encoding ETV6-NTRK3 in the vast majority of 
MASC.

MASC diagnosis in routine practice remains dif-
ficult by histological and Immunological exami-
nation only. It could be a molecularly well 
defined by ETV6 probe. However, it wouldn’t 
detected the fusion of the ETV6 and NTRK3 
genes in all cases of MASC. Recently, Ito et al. 
reported 2 cases of MASC with the ETV6 gene 
split detected by FISH but in which the ETV6 
gene appeared to be fused with a gene partner 
other than NTRK3. They further demonstrated 
that neither NTRK1 nor NTRK2 genes were 
involved [14]. Meanwhile, not all the cases have 
the ETV6 gene rearrangements. In current 
study, the split of the ETV6 gene in one MASC 
case was not found after repeated check, 
although it behaved the typical histological and 
Immunological characteristic of MASC. If it is 
ruled out MASC as no ETV6 split, which type 
can we category it into? Does it mean an unre-
ported type? The question would lead to a var-
ied opinions’ discussion about what is the gold 
standard for the diagnosis of MASC. In our opin-
ion, the ETV6 split is not the exclusive diagno-
sis clue, other features, such as microscope 

image, IHC and prognosis have the same value. 
Of course, further investigations are needed to 
make it clearer.

Acknowledgements

This work was supported in part by grants from 
Key Scientific Research Projects of Henan 
Education Department (16A310019) and Fo- 
undation and advanced research projects 
(142300410357) of Scientific and Technolo- 
gical Department of Henan Province.

Disclosure of conflict of interest

None.

Address correspondence to: Xin-Quan Lv, Depart- 
ment of Pathology, The First Affiliated Hospital of 
Zhengzhou University, Zhengzhou, China. E-mail: 
lxq450052@msn.cn

References

[1] Skálová A, Vanecek T, Sima R, Laco J, Weinreb 
I, Perez-Ordonez B, Starek I, Geierova M, Simp-
son RH, Passador-Santos F, Ryska A, Leivo I, 
Kinkor Z, Michal M. Mammary analogue secre-
tory carcinoma of salivary glands, containing 
the ETV6-NTRK3 fusion gene: A hitherto unde-
scribed salivary gland tumor entity. Am J Surg 
Path 2010; 34: 599-608.

[2] Majewska H, Skálová A, Stodulski D, Klimková 
A, Steiner P, Stankiewicz C, Biernat W. Mam-
mary analogue secretory carcinoma of salivary 
glands: a new entity associated with ETV6 
gene rearrangement. Virchows Arch 2015; 
466: 245-254.

[3] Chiosea SI, Griffith C, Assaad A, Seethala RR. 
Clinicopathological characterization of mam-
mary analogue secretory carcinoma of salivary 
glands. Histopathology 2012; 61: 387-394.

[4] Rodríguez MP, Martínez MJ, Hervás MN, et al. 
Características citopatológicas del carcinoma 
de células acinares (CCA) de glándula salival. 
A propósito de cuatro observaciones Cytologi-
cal characteristics of acinic cell carcinoma 
(ACC) diagnosed by fine-needle aspiration bi-
opsy (FNAB). A study of four cases. Med Oral 
Patol Oral Cir Bucal 2005; 10: 103-108.

[5] Barnes L, Eveson JW, Reichart P, et al. World 
health organization classification of tumours. 
Pathology and genetics of head and neck tu-
mours. Lyon: IARC Press; 2005.

[6] Lannon CL, Sorensen PH. ETV6-NTRK3: a chi-
meric protein tyrosine kinase with transforma-
tion activity in multiple cell lineages. Semin 
Cancer Biol 2005; 15: 215-223.

mailto:lxq450052@msn.cn


Mammary analogue secretory carcinoma of the salivary gland

7465 Int J Clin Exp Pathol 2017;10(7):7460-7465

[7] Knezevich SR, Garnett MJ, Pysher TJ, Beckwith 
JB, Grundy PE, Sorensen PH. ETV6-NTRK3 
gene fusions and trisomy 11 establish a histo-
genetic link between mesoblastic nephroma 
and congenital fibrosarcoma. Cancer Res 
1998; 15: 5046-5048.

[8] Wlodarska I, Mecucci C, Baens M, Marynen P, 
van den Berghe H. ETV6 gene rearrangements 
in hematopoietic malignant disorders. Leuk 
Lymph 1996; 23: 287-295.

[9] Walz C, Erben P, Ritter M, Bloor A, Metzgeroth 
G, Telford N, Haferlach C, Haferlach T, Gesk S, 
Score J, Hofmann WK, Hochhaus A, Cross NC, 
Reiter A. Response of ETV6-FLT3-positive my-
eloid/lymphoid neoplasm with eosinophilia to 
inhibitors of FMS-like tyrosine kinase3. Blood 
2011; 118: 2239-2242.

[10] Jabber Al-Obaidi MS, Martineau M, Bennett CF, 
Franklin IM, Goldstone AH, Harewood L, Jalali 
GR, Prentice HG, Richards SM, Roberts K, Har-
rison CJ; Medical Research Council Adult Leu-
kaemia Working Party. ETV6/AML1 fusion by 
FISH in adult acute lymphoblastic leukemia. 
Leukemia 2002; 16: 669-674.

[11] Jung MJ, Song JS, Kim SY, Nam SY, Roh JL, 
Choi SH, Kim SB, Cho KJ. Finding and charac-
terizing mammary analogue secretory carcino-
ma of the salivary gland. Korean J Pathol 
2013; 47: 36-43.

[12] Connor A, Perez-Ordoñez B, Shago M, Skálová 
A, Weinreb I. Mammary analog secretory carci-
noma of salivary gland origin with the ETV6 
gene rearrangement by FISH: expanded mor-
phologic and immunohistochemical spectrum 
of a recently described entity. Am J Surg Pathol 
2012; 36: 27-34.

[13] Noda H, Okumura Y, Nakayama T, Miyabe S, 
Fujiyoshi Y, Hattori H, Shimozato K, Inagaki H. 
Clinicopathological significance of MAML2 
gene split in mucoepidermoid carcinoma. Can-
cer Sci 2013; 104: 85-92.

[14] Ito Y, Ishibashi K, Masaki A, Fujii K, Fujiyoshi Y, 
Hattori H, Kawakita D, Matsumoto M, Miyabe 
S, Shimozato K, Nagao T, Inagaki H. Mammary 
analogue secretory carcinoma of salivary 
glands: a clinicopathological and molecular 
study including 2 cases harboring ETV6-X fu-
sion. Am J Surg Pathol 2015; 39: 602-610.


