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Adenoid cystic carcinoma of the breast is a rare neoplasm whose cribriform architecture may mimic invasive
cribriform carcinoma, cribriform ductal carcinoma in situ, and collagenous spherulosis. The diagnosis may be
even more challenging in needle core biopsies. Immunohistochemical expression of p63 and c-kit distinguishes
adenoid cystic carcinoma from invasive cribriform carcinoma and ductal carcinoma in situ. A formal
comparison of the immunophenotype of adenoid cystic carcinoma to collagenous spherulosis has not been
reported. Of concern is the overlap in myoepithelial markers between these two entities. Both may express
S100, smooth muscle actin, and p63. This overlap may cause diagnostic confusion yet is under-emphasized in
the literature. The expression profile of newer myoepithelial markers has not been studied in this setting. We
evaluated smooth muscle actin, p63, calponin, smooth muscle myosin heavy chain, as well as c-kit, in nine
cases of cribriform pattern adenoid cystic carcinoma of the breast in comparison to 12 cases of collagenous
spherulosis. Both entities strongly expressed p63 and smooth muscle actin; in adenoid cystic carcinoma, the
basaloid myoepithelial-like tumor cells expressed these markers, but the ductular epithelial cells did not.
Neither calponin nor smooth muscle myosin heavy chain was expressed in adenoid cystic carcinoma but both
were strongly expressed in collagenous spherulosis. Whereas the ductular epithelial cells of adenoid cystic
carcinoma were positive for c-kit in all cases, collagenous spherulosis was negative for c-kit. Positive p63
expression by a cribriform breast lesion is not sufficiently specific to confirm a diagnosis of adenoid cystic
carcinoma. A broader panel that includes calponin or smooth muscle myosin heavy chain and c-kit is required
to exclude collagenous spherulosis in settings in which the distinctive morphologic features that separate
these entities are not conspicuously present. Reliance on p63 or smooth muscle actin alone poses a potential
diagnostic pitfall in evaluating cribriform breast lesions.
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Cribriform architecture characterizes a broad spec-
trum of benign and malignant proliferations in the
breast, chiefly invasive cribriform carcinoma, ductal
carcinoma in situ, adenoid cystic carcinoma, and
collagenous spherulosis. The differential diagnosis
can be especially challenging in needle core biop-
sies. Among these entities, adenoid cystic carci-
noma is unique from a morphologic and clinical

perspective. The cribriform variant consists of a
dual population of tumor cells. It is composed
primarily of myoepithelial-like cells that form a
sieve-like pattern of pseudocysts that contain base-
ment membrane material. The second, a less
numerous population, consists of ductal epithelial
cells that form narrow lumens embedded through-
out the lesion.1–6 Despite the fact that adenoid cystic
carcinoma generally does not express estrogen or
progesterone receptors and does not show HER2
gene amplification, it typically behaves favorably
and should be distinguished from invasive cribri-
form carcinoma.3 Several studies show that immuno-
expression of p63 by the myoepithelial-like tumor
cells and of c-kit by the ductular epithelial tumor
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cells of adenoid cystic carcinoma reliably distin-
guishes it from both cribriform carcinoma and
ductal carcinoma in situ.1–3,7,8 These studies propose
that in the evaluation of cribriform breast lesions,
p63, and c-kit can be used adjunctively to confirm a
diagnosis of adenoid cystic carcinoma. This propo-
sal is potentially problematic because collagenous
spherulosis remains in the differential diagnosis
and is known to express p63, as well as other
myoepithelial markers expressed by adenoid cystic
carcinoma, including smooth muscle actin and
s100.9–11 Furthermore, c-kit expression by collage-
nous spherulosis has not been studied. Therefore,
the diagnostic specificity of p63 and c-kit for
adenoid cystic carcinoma remains incompletely
tested; cases of collagenous spherulosis could be
misdiagnosed based on immunohistochemistry
when definitive diagnostic morphologic features
are inconspicuous or when the sample size is
limited, such as in needle core biopsies. In this
study, we evaluated a range of myoepithelial
markers, including smooth muscle actin, smooth
muscle myosin heavy chain, calponin and p63, as
well as c-kit, in cribriform pattern adenoid cystic
carcinoma of the breast and in collagenous spher-
ulosis. We demonstrate potential pitfalls of using
certain myoepithelial markers in this setting and
propose a more specific immunohistochemical
approach to this differential diagnosis of adenoid
cystic carcinoma vs collagenous spherulosis.

Materials and methods

Slides from formalin-fixed, paraffin-embedded
breast tissue were retrieved from the surgical
pathology and consultation files of the University
of California, San Francisco and the California
Tumor Tissue Registry, Loma Linda, CA. Nine
examples of cribriform pattern adenoid cystic
carcinoma of the breast and 12 cases of collagenous
spherulosis were evaluated. All cases were from
excisional specimens. The slides of adenoid cystic
carcinoma cases selected for immunostaining
showed grade I of III architecture (no solid areas)
using both the Kleer and Oberman criteria for
adenoid cystic carcinoma and the more general
Nottingham grading criteria.12,13 Collagenous spher-
ulosis was defined according to the criteria of
Clement et al.9 All cases of collagenous spherulosis
were incidental findings within benign epithelial
proliferations, including adenosis and mild usual
hyperplasia; none of the cases involved epithelial
atypia or carcinoma, either in situ or invasive.
Immunoreactivity for smooth muscle actin, p63,
smooth muscle myosin heavy chain, calponin, and
c-kit (CD117) was assessed in all cases. Table 1 lists
the details of the antibodies used. Tissue sections for
calponin and smooth muscle myosin heavy chain
were initially digested in 0.005% trypsin for 15min.
Microwave antigen retrieval was performed on

deparaffinized and rehydrated sections. This was
performed in 10mM citrate buffer for calponin,
smooth muscle actin, and smooth muscle myosin
heavy chain, and in DAKO Target Retrieval Solution
for 10min for p63 and CD117. Endogenous perox-
idase was blocked by incubating sections in 3%
hydrogen peroxide for 10min. Sections were then
sequentially incubated with primary antibody for
30min, DAKO LSAB LINK antibody for 10min,
peroxidase-conjugated streptavidin for 10min, and
DAKO Liquid DAB for 5min. Normal breast myo-
epithelium served as a positive internal control in
each case for p63, smooth muscle actin, smooth
muscle myosin heavy chain, and calponin. For c-kit,
the positive internal controls were stromal mast
cells and normal breast epithelium, which showed
a patchy distribution of expression in some acini
and ducts.7,14 Positive staining for each antibody is
defined in Table 1.

Results

Collagenous Spherulosis

The myoepithelial cells surrounding the basement
membrane deposits in collagenous spherulosis ex-
pressed all four myoepithelial markers (Table 2).
The cytoplasmic pattern of smooth muscle actin,
smooth muscle myosin heavy chain, and calponin
was uniform and strong in each case (Figure 1). The
ring-like peripheral circumscription of each spher-
ule by the myoepithelial cells was well defined by
each of these cytoplasmic myoid markers. Myo-
epithelial nuclear expression of p63 was also strong
in each case. Because the number of myoepithelial
cells forming the ring-like lesion is small and is
mostly composed of myoepithelial cell cytoplasm
stretched around the basement membrane deposits,

Table 1 Immunohistochemical stains

Antibody Vendor Dilution Staining pattern

c-kit (CD117) Dako 1:50 Membrane or
cytoplasmic

Calponin Dako 1:500 Cytoplasmic
p63 Lab Vision 1:50 Nuclear
Smooth muscle actin Dako 1:100 Cytoplasmic
Smooth muscle myosin Dako 1:200 Cytoplasmic

Table 2 Results of immunohistochemical staining

Antibody Collagenous spherulosis
(% of cases)

ACC (% of
cases)

Smooth muscle actin Positive (100%) Positive (100%)
p63 Positive (100%) Positive (100%)
Smooth muscle
myosin

Positive (100%) Negative (100%)

Calponin Positive (100%) Negative (100%)
c-kit (CD117) Negative (100%) Positive (100%)
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Figure 1 Comparison of hematoxylin and eosin stain in adenoid cystic carcinoma (a) vs collagenous spherulosis (f); smooth muscle
actin in adenoid cystic carcinoma (b) vs collagenous spherulosis (g); p63 in adenoid cystic carcinoma (c) vs collagenous spherulosis (h);
smooth muscle myosin heavy chain in adenoid cystic carcinoma (d) vs collagenous spherulosis (i); calponin in adenoid cystic carcinoma
(e) vs collagenous spherulosis (j).
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the expression of p63 is not as noticeable at low
power as the cytoplasmic markers are. Thus, careful
inspection of the nuclei at higher power is needed
for evaluating p63 in collagenous spherulosis. In
rare cases (Figure 3), the myoepithelial component
was prominent, whereas the background epithe-
lium was less conspicuous, yielding a p63 staining
pattern that was more cribriform than ring-like
in distribution. The epithelial cell population with-
in which the spherules and their myoepithelial
coating were embedded did not express any myoid
marker. c-kit was not expressed by any of the
myoepithelial cells in any case of collagenous
spherulosis (Figure 2).

Adenoid Cystic Carcinoma

The myoepithelial-like cell population of adenoid
cystic carcinoma expressed both smooth muscle
actin and p63 but neither calponin nor smooth
muscle myosin heavy chain in any case (Figure 1).
The nuclear staining pattern of p63 was strong and
diffuse in all cases. Smooth muscle actin produced a
uniform strong cytoplasmic signal. The low-magni-
fication distribution of these stains mimicked the
cribriform pattern of the lesion itself. The ductular
epithelial population in the tumor did not express
any myoepithelial marker but did demonstrate

strong cytoplasmic c-kit expression in each case
(Figure 2). These ductules were often few in number
and sparsely distributed in a random manner
throughout each tumor, making them sometimes
difficult to recognize on low magnification of
hematoxylin- and eosin-stained sections. Higher
magnification and staining for c-kit facilitated
identification of the ductules.

Discussion

This study demonstrates a myoepithelial immuno-
phenotypic overlap between cribriform pattern
adenoid cystic carcinoma of the breast and collage-
nous spherulosis that could lead to diagnostic
pitfalls in evaluating cribriform lesions of the breast.
Our results show that both smooth muscle actin and
p63 are expressed by both entities and therefore do
not distinguish the two. This study reveals, how-
ever, that other myoepithelial markers, calponin and
smooth muscle myosin heavy chain, are expressed
only by collagenous spherulosis and thus can be
used to distinguish it from adenoid cystic carcino-
ma. The converse is shown for c-kit expression. This
constellation of findings is relevant because cribri-
form lesions in the breast may be challenging to
diagnose by routine morphology, especially in core
needle biopsies, and recent studies recommend an

Figure 2 c-kit marks the ductular epithelium in adenoid cystic carcinoma (a) but is not expressed by the myoepithelial cells of
collagenous spherulosis (b).
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immunohistochemical approach to complement
morphologic impressions.1,3 The overlap in immuno-
phenotype that we report here and its diagnostic
implications are not emphasized in the literature.

Cribriform growth is commonly encountered in a
variety of breast lesions. The term cribriform derives
from the Latin cribrum, meaning sieve-like or
pierced with small holes.15 The term cribriform
was used as a histological architectural description
in the breast as early as 1933 in describing growth
patterns of ductal carcinoma in situ.16 Currently, the
term is used to refer to a proliferation that resembles
a sieve, in which the proliferation is perforated by
rounded spaces or fenestrations.17 It is not necessa-
rily implied that the spaces are the lumens of glands
or are epithelial lined cysts. In the breast, invasive
cribriform carcinoma, cribriform ductal carcinoma
in situ, adenoid cystic carcinoma, and collagenous
spherulosis may all have a sieve-like architecture
on low-power magnification. Attention to subtle
morphologic features, well summarized in detail
elsewhere,5,9,10,18,19 often allows these entities to
be distinguished using routinely stained sections
alone, but these features may not always be
appreciated in needle core biopsies or in small
excisions. In the case of cribriform type of adenoid
cystic carcinoma, the diagnosis requires the pre-
sence of two cell populations: basaloid myoepithe-
lial-like cells, comprising the majority of the tumor,
form the cribriform proliferation itself and epithelial
cells form small tight ductules variably scattered
throughout the tumor. The cribriform spaces are
pseudoglandular spaces formed within the myo-
epithelial tumor cell proliferation and are often
filled with eosinophilic or basophilic basement
membrane material.5,12,18,20–22 Cytologically, the
ductular epithelial cells are columnar to cuboidal
and usually have a modest amount of eosinophilic
cytoplasm, whereas the more numerous myoepithe-
lial-like cells are round and have scanty basophilic
cytoplasm. Recognizing the ductular epithelial cells
can be difficult for several reasons. There may be
relatively few ductular structures in the sample; the
ductules may be small in diameter, with nearly
imperceptible lumens; or the sample size itself may
be limited, particularly in core biopsies. If these
ductular structures are missed, the lesion could be
misinterpreted as invasive cribriform carcinoma or
ductal carcinoma in situ. Morphologic and immuno-
histochemical features helpful in this differential
diagnosis have been addressed by others.1 If the
pseudoglandular spaces of adenoid cystic carci-
noma are prominent, owing to abundant cylindro-
matous basement membrane deposits, then the
lesion could be mistaken for collagenous spherulosis.
In collagenous spherulosis, a well-defined eosino-
philic cuticle, representing myoepithelial cell cyto-
plasm, typically forms a ring-like structure
encompassing eosinophilic basement membrane
material, or less commonly basophilic mucinous
material.9–11 Difficulty in recognizing this entity

may arise if the cuticle is inconspicuous or if the
lesion is embedded in an epithelial proliferation
such as ductal hyperplasia or lobular neoplasia. An
associated epithelial proliferation may contribute to
confusion as adenoid cystic carcinoma. Although
collagenous spherulosis is typically an incidental
microscopic finding and adenoid cystic carcinoma
typically forms a mass, this difference may not
be easily appreciated in cases for which limited
amounts of tissue are available. Therefore, on rare
occasions in which the distinctive morphologic
features of these two entities are not easily recogniz-
able, immunohistochemistry may be a useful diag-
nostic adjunct.

Recently, two immunohistochemical features of
adenoid cystic carcinoma have been documented:
expression of p63, a marker of stem cell or
myoepithelial differentiation, and expression of
c-kit, a transmembrane tyrosine kinase receptor
protein; expression of these markers is similar in
adenoid cystic carcinoma arising in the breast and in
the head and neck.1–3,23–25 The myoepithelial-like
tumor cells express p63 in a nuclear pattern,
whereas the ductular epithelial cells do not express
p63. The converse is seen for c-kit expression: there
is cytoplasmic and membrane staining of ductular
epithelium but no staining of the myoepithelial-like
cells.1–3,7,8 Invasive cribriform carcinoma does not
express c-kit and only a small proportion of ductal
carcinoma in situ expresses c-kit, typically high-
grade lesions that do not demonstrate cribriform
growth.1,7,26,27 Neither expresses p63.1 Based on
these observations, it has been proposed that
positive staining for p63 and c-kit in a cribriform
lesion of the breast supports the diagnosis of
adenoid cystic carcinoma.

Our findings raise an important caveat to such a
proposal. Although positive p63 and c-kit staining
in the tumor cells excludes invasive and in situ
carcinoma, the diagnosis of collagenous spherulosis
is not necessarily excluded. Before our study, c-kit
expression had not been evaluated in collagenous
spherulosis, so the specificity of this marker for
adenoid cystic carcinoma was not proven. More
importantly, we show that p63 is expressed by
collagenous spherulosis, a finding noted pre-
viously.10 The same holds true for smooth muscle
actin expression by both entities. Therefore, it is
inaccurate to rely solely on a positive p63 stain to
diagnose a cribriform breast lesion as adenoid cystic
carcinoma. It is helpful to consider a subtle
difference in the distribution of p63-positive cells
in these two entities. We observed that the vast
majority of the tumor cells in cribriform adenoid
cystic carcinoma expressed p63, emphasizing the
cribriform pattern. Only the c-kit-positive ductular
epithelial cells are p63 negative. In contrast, p63
expression in most of our cases of collagenous
spherulosis resulted in a ring-like pattern, corre-
sponding to the ring-like arrangement of myoepithe-
lial cells around the basement membrane deposits;
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typically, only a few myoepithelial nuclei were
present in each ring. As collagenous spherulosis is
typically embedded in an epithelial proliferation,
most of the cells present are epithelial and do not
express p63. Recognizing these two patterns, cribri-
form vs ring-like, can help avoid misinterpreting
the stains. Rarely, however, we noted cases of
collagenous spherulosis in which the myoepithe-
lium was more cellular, whereas the presence of
background epithelium was diminished (Figure 3);
the resulting distribution of p63-positive cells
mimics a cribriform pattern rather than a ring-like
pattern. Such cases could be misinterpreted as
adenoid cystic carcinoma if only a p63 stain had
been performed.

Regarding c-kit, it was previously unknown
whether or not this marker is expressed by the
myoepithelial cells of collagenous spherulosis. Our
study demonstrates that it is not expressed and
therefore does distinguish adenoid cystic carcinoma
from collagenous spherulosis. Because these c-kit-
positive ductular structures are often only sparsely
present in the cribriform pattern of adenoid cystic
carcinoma, they may not be well represented in core
needle biopsies. Therefore, a negative stain for c-kit
in a needle biopsy does not necessarily exclude this
diagnosis and further evaluation of the basaloid
cells by myoepithelial markers is warranted.

The additional myoepithelial markers that we
recommend based on this study are calponin and
smooth muscle myosin heavy chain, which were
expressed in collagenous spherulosis but not in
adenoid cystic carcinoma. These results were uni-
form in all cases tested. There was no ambiguity in
stain interpretation; the staining was clearly either
positive or negative. Thus, we propose that the
immunohistochemical approach to distinguishing
collagenous spherulosis from adenoid cystic carci-
noma should not rely solely on p63 or c-kit but
should include calponin or smooth muscle myosin

heavy chain as well. The biologic basis for the
differential myoepithelial expression pattern in
these two lesions is not readily apparent. It has
been suggested that the basaloid myoepithelial-like
tumor cells of adenoid cystic carcinoma are modi-
fied stem cells or indifferent pluripotential cells
capable of differentiating into epithelial or myo-
epithelial cells.18 The partial myoepithelial immuno-
phenotype we observed is compatible with the view
that expression of calponin and smooth muscle
myosin heavy chain is a feature of the fully
differentiated myoepithelial cell in the breast.28–30

Further investigation into the molecular and genetic
characteristics of this unique cell type are needed to
elucidate how the clinical behavior of adenoid
cystic carcinoma differs from that of most breast
cancers which lack estrogen and progesterone
receptors and HER2 gene amplification.3

In summary, this is the first formal comparison of
myoepithelial immunophenotypes of adenoid cystic
carcinoma and collagenous spherulosis in the
breast. Pathologists should be aware of the overlap
of p63 and smooth muscle actin expression between
these entities. In the unusual setting in which
immunohistochemistry is needed to distinguish
these entities, a panel should also include calponin
or smooth muscle myosin heavy chain, both of
which we demonstrate to reliably distinguish colla-
genous spherulosis from cribriform pattern adenoid
cystic carcinoma of the breast. Finally, we establish
that c-kit, known to be a sensitive marker of adenoid
cystic carcinoma, is not expressed in collagenous
spherulosis.
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Figure 3 Cribriform-like pattern of p63 immunostaining generated by a case of collagenous spherulosis with a prominence of cribriform
spaces and a paucity of ductal epithelium (a). A similar example of collagenous spherulosis with unusually numerous myoepithelial cell
nuclei, highlighted by p63 (b). Both of these p63 stains could be misinterpreted as consistent with adenoid cystic carcinoma.
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