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Abstract Mammary analogue secretory carcinoma
(MASC) of the salivary glands is a recently described neo-
plasm of the salivary glands with a characteristic morphol-
ogy complemented by a specific cytogenetic translocation
and gene rearrangements. Although immunophenotypic
and cytogenetic differences allow for a more reliable dis-
tinction, ultrastructural features can also provide important
information about the relationship between MASC, classic
acinic cell carcinoma (AciCC), and AciCC intercalated duct
cell-predominant variant. Following approval from the hos-
pital’s institutional review board, 7 cases of MASC, 8 cases
of classic AciCC, and 4 cases of AciCC intercalated duct
cell-predominant variant were retrieved from the pathol-
ogy files of Massachusetts General Hospital from 2012 to
2015. Electron microscopy was performed using formalin-
fixed, paraffin-embedded tissue. Ultrastructural features of
all 19 neoplasms of the salivary glands were recorded. The
predominant cell-types observed in MASC are those with
intercalated/striated duct cell differentiation. These features
include prominent invaginations of the cell surface studded
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with microvilli, and some intra- and intercellular lumina
also with a microvillous surface. Classic AciCC dominant
cell-type recapitulates acinar cell differentiation. These
cells contain large intracytoplasmic zymogen-like granules.
AciCC intercalated duct cell-predominant variant showed
both cell populations in various proportions with the inter-
calated/striated duct cell type usually being the dominant
one. MASC presents with distinctive ultrastructural fea-
tures that allows its proper differentiation from classic
AciCC. However, significant ultrastructural features over-
laps between both AciCC intercalated duct cells-predomi-
nant and classic AciCC and MASC. These findings indicate
a very close proximity between these tumors.

Keywords Mammary analogue secretory carcinoma -
Salivary gland tumor - Electron microscopy - Acinic cell
carcinoma

Introduction

Mammary analogue secretory carcinoma (MASC) is a
recently described neoplasm of the salivary glands that har-
bors a distinct immunohistochemical profile and a specific
cytogenetic translocation (12; 15) (q13; q25) resulting in
an ETV6-NTRK3 gene rearrangement [1-10], in addition to
other recently described ETV6 partners [4, 11]. Until this
unique ancillary profile was reported, MASC was previ-
ously considered to be an acinic cell carcinoma (AciCC)
“zymogen poor” or intercalated duct-cell predominant vari-
ant [5-8, 12, 13].

Electron microscopy (EM) plays an essential role in
identifying key features used to characterize and diag-
nose tumors, which sometimes cannot be achieved solely
with conventional light microscopy. In addition, EM has
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provided insight on neoplastic cellular differentiation and
cellular origins found in common tumors of the salivary
glands as the latter were compared to normal ultrastructural
histology of the salivary glands [14, 15].

Although immunophenotypic and cytogenetic profiles
are diagnostically very useful, ultrastructural features of
MASC can provide important information about the rela-
tionship between MASC and AciCC, while identifying
characteristic features that would contribute to making the
correct diagnosis.

Materials and Methods

Following approval from the institution review board
(IRB# 2013P001818), 7 cases of MASC, 8 cases of clas-
sic AciCC, and 4 cases of AciCC intercalated duct cell-
predominant were retrieved from the pathology files of the
Massachusetts General Hospital from 2012 to 2015. Hema-
toxylin and eosin stained (H/E) slides including ancillary
studies and cytogenetic reports ordered at the time of initial
diagnosis were reviewed. ETV6 fluorescence in situ hybrid-
ization (FISH) using a break-apart ETV6 probe (Abbot
Molecular, Des Plains, IL) was performed on all MASC
to confirm rearrangement of ETV6 at 12p13. In addition,
ETV6 FISH was also performed on all 4 cases of AciCC
intercalated duct cells-predominant variant to avoid possi-
ble cross contamination with MASC. EM was performed
using formalin-fixed, paraffin-embedded tissue. Corre-
sponding H/E slides were matched to the paraffin blocks
and representative areas containing only tumor tissue were
cut out using a razor blade. All selected tissue samples were
processed using a standard protocol. Tissue samples were
placed in xylene overnight and rehydrated in a series of 1-h
aqueous ethanol dilutions and fixed with glutaraldehyde.
One-micron sections were cut with an LKB 8801 ultrami-
crotome and diamond knife, stained with lead citrate, and
examined with a Phillips 301 transmission electron micro-
scope. All cases were analyzed by two experienced electron
microscopists (MKS, GPN). Images were captured with
an Advanced Microscopy Techniques (AMT) digital CCD
camera. Ultrastructural features of MASC were compared
to those of classic AciCC and its variant intercalated duct
cell-predominant.

Results

Seven cases of MASC were identified, which includes 2
males and 5 females with a mean age of 45 years, ranging
from range 33-67 years (Table 1). Six of them are located
in the parotid gland and one in the buccal mucosa. The
recorded tumor size is quite variable and ranges from 0.6
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to 4.0 cm in the largest diameter (mean of 2.3 cm). For
all cases, the tumor cells show a strong and diffuse stain-
ing pattern for both S100 protein and mammaglobin [5,
7]. At the time of initial diagnosis, most tumors were well-
circumscribed within the salivary gland with the exception
of one tumor, which showed neoplastic extension into the
surrounding skeletal muscle, in addition to lymphovas-
cular invasion (case 3). Another case showed lymphovas-
cular invasion without extraglandular extension (case 4).
Otherwise, there was no perineural invasion or metastasis
reported among these selected cases.

Among the 8 cases of classic AciCC, 1 male and 7
females were identified ranging from 25 to 77 years old
(mean of 57 years) (Table 1). Six of the tumors were
located in the parotid gland and two were located in the
parapharyngeal region. The recorded tumor size was vari-
able and ranged from 1.0 to 3.1 cm (mean of 2.2 cm). The
size of one tumor was not recorded as only the biopsy
specimen was available (case 8). The diagnosis of classic
AciCC was made on combined features of both morphol-
ogy and immunohistochemistry. When documented, most
classic AciCC were confined to the salivary gland and did
not show features of lymphovascular or perineural invasion,
with the exception of one case (case 6).

Four cases of AciCC intercalated duct cell-predominant
variant were identified (Table 1), which included 3 males
and 1 female ranging from 22 to 77 years of age (mean of
54 years). The size of the tumor varied from 1.4 to 3.5 cm
in their largest diameter (mean of 2.5 cm). All tumors were
confined to the parotid gland. When documented, there was
no evidence of lymphovascular invasion, perineural inva-
sion, or lymph node metastases. The diagnosis of AciCC
intercalated duct cell-predominant variant was made using
both combined features of histology and immunohisto-
chemistry. FISH analysis to assess for ETV6 gene rear-
rangement at 12p13 was performed on all cases to avoid
cross contamination with MASC. All four cases were nega-
tive for ETV6 rearrangement.

Electronic Microscopy

Ultrastructural examination of MASC revealed three cell
populations. The dominant cell-type features flattened to
cuboidal cells with inter- and intracellular lumina studded
with numerous microvilli (Fig. 1a, b). Some of these cells
contained cytoplasm filled with many small secretory-like
granules. Exocytosis of secretory-like granules is identi-
fied in one case (Fig. 1c). These cells are often organized
around a centered lumen filled with electron-dense bubbly
material recapitulating a microcystic/ductal pattern, well-
known in MASC. Based on documented ultrastructural
features of normal salivary gland, this dominant cell-type
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Table 1 Clinicopathologic findings of patients with MASC, Classic AciCC and AciCC Intercalated Duct Cell-Predominant Variant
Tumor / Case no. Age (yr) Sex Tumor location Tumor size (cm) Tumor extension FISH
MASC
Case 1 55 M Left parotid 35 No LN mets ETV6 rearrangement
No LVI
No PNI
Case 2 33 F Left parotid 24 No LN mets ETV6 rearrangement
No LVI
No PNI
Case 3 42 M Left parotid 29 LVI+ ETV6 rearrangement
Extend into MSK
No PNI
No LN mets
Case 4 64 F Right buccal gland 0.6 LVI + ETV6 rearrangement
No PNI
No LN mets
Case 5 45 F Left parotid 1.8 No LVI ETV6 rearrangement
No PNI
Case 6 34 F Left parotid 4.0 No LVI ETV6 rearrangement
No PNI
No LN mets
Case 7 44 F Left parotid 1.1 No LVI ETV6 rearrangement
No PNI
Classic AciCC
Case 1 50 F Left parotid 2.3 No PNI N/P
Case 2 64 F Right parotid 2.2 No PNI N/P
No LVI
No LN mets
Case 3 55 F parapharyngeal 2.4 N/P
Case 4 25 F Left parotid 3.1 No LN mets N/P
Case 5 41 F Right parotid 1.0 No LVI N/P
No PNI
No LN mets
Case 6 74 F Left parotid 1.8 LVI + N/P
PNI +
necrosis
Case 7 68 M Left parotid 2.5 No LVI N/P
No PNI
Case 8 77 F parapharyngeal biopsy No LVI N/P
No PNI
AciCC-IDC
Case 1 77 M Right parotid 35 No LN mets Negative
Case 2 46 M Left parotid 1.5 No LVI Negative
No PNI
Case 3 22 M Right parotid 1.4 Negative
Case 4 72 F Left parotid 35 No LVI Negative
No PNI

MASC mammary analog secretory carcinoma, AciCC acinic cell carcinoma, AciCC-IDC acinic cell carcinoma intercalated duct cell-predominant
variant, yr year, cm centimeters, M male, F female, LVI lymphovascular invasion, PNI perineural invasion, LN mets lymph node metastasis, N/P

not performed

integrates composite features from striated ducts cells [14].
The second cell-type, often intertwined with the first cell-
type, reveals a dilated endoplasmic reticulum with multiple
mitochondria dispersed throughout the cytoplasm (Fig. 1d).
These features are suggestive of intercalated duct cell

differentiation [14]. It is important to mention that features
of both intercalated and striated duct cell differentiation can
be found within the same cell (Fig. 1d). Rare scattered cells
with medium-to-large intracytoplasmic electron-dense and
electron-light zymogen-like granules are identified in only
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Fig. 1 Mammary analogue
secretory carcinoma (MASC).
Classic microcystic/cribriform
pattern with extracellular
eosinophilic secretory mate-
rial (a, H&E, 200X). Electron
micrographs with intracellular
lumen studded with numerous
microvilli (b), and flattened to
cuboidal cells with intracel-
lular lumens lined with small
microvilli (arrow head, c).
These features are suggestive of
striated duct cell differentiation.
Electron-dense extracellular
secretory material is observed
(arrow). Some cells contain-
ing electron-dense secretory/
zymogen-like granules are
visible (acinar cell differentia-
tion, ¢). Higher powered EM
image (d) of a cell containing
multiple, variably sized secre-
tory vacuoles. Exocytosis of
secretory vacuoles is visible
(bottom). Some cells (e) reveal
dilated and prominent endoplas-
mic reticulum with scattered
mitochondria, features of inter-
calated duct cell differentiation.
Flat to cuboidal cells with inter-
and intracellular lumina studded
with microvilli are also visible.
A cell with medium-to-large (f)
intracytoplasmic electron-dense
and electron-light zymogen
granules recapitulating the
acinar cell
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one case (Fig. le). This cell-type is highly suggestive of
acinar differentiation [14, 15].

The eight cases of classic AciCC reveal two impor-
tant cell populations. The dominant cell population con-
sists of clusters of polygonal cells with medium-to-large

Fig. 2 Acinic cell carci-
noma, classical type (AciCC).
Microcystic pattern composed
of uniform acinar (serous) cells
with basophilic granular cyto-
plasm (a, H&E, 400X). Electron
micrographs: Cells containing
numerous small-to-medium
sized electron dense and
electron-light zymogen granules
in favor of acinar cell differ-
entiation (b). Cuboidal cells
arranged in a cystic pattern,
some with intracytoplasmic
electron-dense, zymogen-like
granules and with the luminal
surface studded by microvilli
(c). Cell with abundant large
mitochondria (d), with noted
dilated endoplasmic reticulum
adjacent to nucleus. Dilated
and prominent endoplasmic
reticulum (e) with small, vis-
ible organelles (center), likely
mitochondria. Features of 2 C
and 2D highly suggestive of
intercalated duct origin

intracytoplasmic electron-dense and electron-light zymo-
gen granules, some with prominent endoplasmic reticulum,
altogether features of acinar cell differentiation (Fig. 2a).
Few of these cells have, in addition to zymogen-like gran-
ules, apical cell surface studded with microvilli but no
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intracellular lumen is visible (Fig. 2b). The latter can eas-
ily be mistaken for striated duct cell differentiation, as
reported earlier in MASC. However, apical microvilli may
be observed in acinar cell differentiation [14]. Intertwined
in these clusters is found a second cell population, which
consists of cells with abundant mitochondria and dilated
endoplasmic reticulum (Fig. 2c, d). This second cell-type is
very similar to those previously observed in MASC, repre-
senting intercalated duct cell differentiation [14, 15].

Lastly, AciCC intercalated duct cell-predominant variant
reveals combined ultrastructural features of both MASC
and classic AciCC. Readily distinguishable intercalated/
striated duct cell-types, lacking intracellular lumen or
zymogen-like granules, are the dominant cell populations
and correspond to the microcystic pattern seen in this
tumor (Fig. 3a, b). Cells with acinar differentiation are also
visible. Unlike those seen in classic AciCC (Fig. 3c), these
cells are fewer in numbers, disperse throughout the tumor,
and contain a lesser amount of zymogen-like granules.

Discussion

MASC is a recently described malignancy of salivary
glands with a characteristic immunophenotypic and
cytogenetic profile. Until this unique ancillary profile
was reported, MASC was previously considered to be an
AciCC, either “zymogen poor” or intercalated duct cell-
predominant variant [5-8, 12, 13]. Although immunohis-
tochemistry and cytogenetic features are very useful for
day-to-day diagnosis of MASC, ultrastructural analysis
provides additional information on cellular differentiation
and on the relationship between MASC, classic AciCC,
AciCC intercalated duct cell-predominant variant.

Our study demonstrates that MASC presents distinctive
ultrastructural features that allow its proper differentiation
from classic AciCC. MASC main cell-type consists of cells
with striated/intercalated duct cell differentiation, whereas,
classic AciCC dominant cell-type recapitulates acinar cell
differentiation [14, 15]. Interestingly, AciCC intercalated
duct cell-predominant variant displays significant ultras-
tructural overlap with both MASC and classic AciCC, as
it contained both of their main cell-types. MASC’s primary
cell-type, striated/intercalated duct cell differentiation,
comprises the largest proportion.

MASC, classic AciCC, and AciCC intercalated duct
cell-predominant variant are composed of cells that dem-
onstrate composite features common to acinar, inter-
calated duct, and striated duct cells. Morphologically,
acinic cell carcinomas are predominantly composed of
acinar cells rich in diastase-resistant zymogen gran-
ules. These tumors, with sheets of predominantly acinar
cells, are classically recognized as acinic cell carcinoma.
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When non-granule-rich cells predominate or are at least
prominent, other tumor considerations are made. This
cell non-granule-rich population defines intercalated
duct-cell predominant AciCC, and this variant, especially
in microcystic cases, has the most overlap with MASC
[15, 16]. Whether these salivary gland tumors originate
from or differentiate into these cell-types remain not
well understood [17]. Nonetheless, significant histologi-
cal overlaps are found among these three entities, which
suggest a very close proximity between these tumors. A
possible interpretation is that MASC and classic AciCC
are not entirely separate entities but integrates a spec-
trum with AciCC intercalated duct cell-predominant vari-
ant being an intermediate between the two. An alterna-
tive and maybe more pleasing explanation is that AciCC
intercalated duct cell-predominant variant may be a pecu-
liar variant rather than a separate entity from MASC or
a ‘negative translocation” MASC. These hypotheses are
supported by the idea that these are low grade tumors
sharing a very similar clinicopathological profile and
good prognosis [3, 7, 10, 12, 13, 18].

In addition, a series of 19 cases of MASC showed the
presence of a translocation (12; 15) (q13; g25) in 18/19
cases, resulting in an ETV6-NTRK3 gene rearrangement
[5]. Of these, a single case of MASC is negative for ETV6
rearrangement, although an intact NTRK3 gene was not
independently studied in this case. In this particular case,
the diagnosis of MASC was based on combined morpho-
logic and immunophenotypic features, supported by a
strong and diffuse staining for mammaglobin and S100. On
the other hand, cases of AciCC, mimicking MASC, with
mammaglobin and/or S100 positivity and a negative trans-
location have been observed [8], even though these remain
rare. If we accept that certain cases of MASC and AciCC,
especially the intercalated duct cell-predominant variant,
may share an overlapping morphology, a similar staining
pattern and a negative translocation, then we can assume
that the boundaries between these two entities may not be
well-defined.

Nonetheless, additional studies on ultrastructural char-
acterization of MASC and AciCC intercalated duct cell-
predominant variant are needed to understand their con-
verging histogenesis. At the time being, the latter should be
approached as a ‘rule out” MASC and appropriate immu-
nophenotypic, cytogenetic, and EM studies should be per-
formed to provide the correct diagnosis.

As tumor morphology, both microscopic and ultrastruc-
tural, belies the unique genetic changes, further studies are
needed to elucidate the cellular origin and differentiation of
MASC. As more cases are reported, actual outcomes data
combined with understanding of divergent tumor genetics
may provide insight into tumorigenesis and unique thera-
peutic modalities [2].
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Fig. 3 Acinic cell carcinoma,
intercalated duct cell-predom-
inant variant (AciCC IDP).
Microcystic and papillary
patterns composed of uniform
cells with pale cytoplasm and
no zymogen granules (H&E;

a, 100X, b, 400X). Electron
micrographs: Cuboidal cells
arranged in around a central
lumen featuring apical surfaces
lined by small microvilli and an
absence of zymogen or electron
dense secretory granules (c,

d). Scattered cells containing
small amounts of electron-dense
zymogen-like granules recapitu-
lating acinar cell differentiation

(e)

—
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