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staining pattern of high-molecular weight cytokeratins
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Abstract To determine which immunohistochemical markers
are useful for the identification of neoplastic myoepithelial
cells in adenomyoepithelioma of the breast, the expression of
seven myoepithelial markers (α-smooth muscle actin (α-
SMA), calponin, p63, CD10, cytokeratin 5/6, cytokeratin 14,
and S-100) was examined in 19 lesions from 16 patients. The
lesion consisted of seven spindle and 12 clear cell lesions. For
normal myoepithelial cells, α-SMA, calponin, and p63 were
significantly more sensitive than cytokeratin 5/6, cytokeratin

14, and S-100. There was no significant difference in the
expression of α-SMA, calponin, p63, and CD10 in neoplastic
myoepithelial cells of adenomyoepithelioma regardless of
spindle or clear cell types. In spindle cell lesions, high-
molecular weight cytokeratins (HMWCK; cytokeratin 5/6
and cytokeratin 14) tended to show higher staining scores
and S-100 showed lower staining scores than other markers.
In clear cell lesions, HMWCK showed significantly lower
staining scores than the other five markers. There was no
significant difference in staining scores among the other five
markers. HMWCK showed a unique paradoxical staining
pattern in clear cell lesions, with diffusely positive inner
epithelial cells and completely negative outer myoepithelial
cells. Although the sensitivity of HMWCK in clear cell le-
sions is low, with this unique paradoxical staining pattern and
relatively high sensitivity in spindle cell lesions, HMWCK
could be useful in diagnosing adenomyoepithelioma. In
choosing immunohistochemical markers, any of the seven
markers are useful, but combining HMWCK and any one of
α-SMA, calponin, and p63 would be a good panel for the
diagnosis of adenomyoepithelioma.
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Introduction

Adenomyoepithelioma of the breast is a rare type of breast
tumor characterized by both epithelial and myoepithelial pro-
liferation [1]. The term “adenomyoepithelioma,” originally
used for a sweat gland tumor [2], was first applied to a breast
counterpart by Hamperl [3]. Adenomyoepithelioma is a well-
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circumscribed mass, and complete surgical excision alone is
usually an adequate treatment [4, 5]. Recurrences and distant
metastasis of “benign” adenomyoepithelioma after inadequate
resection have been reported [6]. There have been reports of
malignant counterpart and/or malignant transformation [7–10]
and rare cases of tumor-related death [8, 9]. Either the epithe-
lial or myoepithelial component or both components can
participate in malignant transformation [9, 11, 12], and in
some cases, the biphasic pattern is maintained at the site of
metastasis [8, 9].

Although adenomyoepithelioma is a biphasic tumor,
myoepithelial proliferation is usually prominent. For distinc-
tion frommyoepithelial hyperplasia, significant myoepithelial
proliferation, resulting in nests or nodules of myoepithelial
cells or compression of epithelial components, supports the
diagnosis of adenomyoepithelioma [5]. The histologic appear-
ance of adenomyoepithelioma is heterogeneous due to the
variety of myoepithelial morphology and architectural
patterns [13]. Tavassoli classified adenomyoepithelioma
into three categories based on mixed architectural pat-
terns and cytomorphological features of myoepithelial
cells [14]. The spindle cell type is composed of solid
proliferation of spindle myoepithelial cells with a minor
component of epithelial-lined spaces [15, 16]. The tu-
bular pattern is characterized by proliferation of tubular
structures with inner epithelial and outer myoepithelial
cells. The myoepithelial cells have characteristic clear
cytoplasm, and their proliferation is prominent, often to
the extent to which they obscure the inner epithelial
component. The lobular type shows solid proliferation
of clear, eosinophilic, or plasmacytoid myoepithelial
cells and has a thick collagenous capsule that extends
and lobulates the tumor cell proliferation.

Identification of myoepithelial proliferation sometimes re-
quires immunohistochemistry. There have been several de-
scriptions of myoepithelial marker expression in the neoplas-
tic myoepithelial cells of adenomyoepithelioma [8, 10, 12, 14,
16–18], in which expression of a few classical myoepithelial
markers, such as actin, S-100, and cytokeratins, were briefly
described. The only systematic evaluation of myoepithelial
marker expression on neoplastic myoepithelial cells of
adenomyoepithelioma was provided by Popnikolov et al.
[19] and Hungermann et al. [20]. Popnikolov et al. studied
myoepithelial marker expression in eight cases of
adenomyoepithelioma and found invariable expression of
cytokeratin, maspin, smooth muscle actin, and S-100 in the
myoepithelial component of adenomyoepithelioma and less
frequent expression of CD10 (50 %) and myosin (75 %) [19].
Hungermann et al. analyzed expression of various
cytokeratins, p63, α-smooth muscle actin, and vimentin in a
series of 27 adenomyoepithelial tumors of the breast. They
showed various degree and combination of expression of
these markers in tumor cells [20].

In the present study, we examined the expression of seven
c omm o n l y u s e d m y o e p i t h e l i a l m a r k e r s i n
adenomyoepithelioma and clarified which myoepithelial
markers should be used to appropriately identify the
myoepithelial component of adenomyoepithelioma. We also
examined whether the expression of myoepithelial markers
differed between different myoepithelial morphologies, such
as spindle cells and clear cells.

Materials and methods

A total of 16 adenomyoepithelioma cases were included in the
present study. We only used surgically resected cases in which
the entire lesion could be evaluated. Three cases from April
2000 to April 2013 were retrieved from the surgical pathology
files of Nagoya Medical Center. Six cases during a similar
period were retrieved from the surgical pathology files of
Aichi Cancer Center. Seven cases were retrieved from the
consultation files of SI and SM.

The study cases were classified into three types based on
the morphology of the neoplastic myoepithelial cells: spindle
cell type in which 90 % or more of the myoepithelial cells
showed spindle cell morphology, clear cell type in which 90%
or more of the myoepithelial cells had clear cytoplasm and
showed an epithelioid arrangement, or mixed type in which
spindle cells and clear cells were mixed and each component
accounted for more than 10 % of the myoepithelial cells.
There were no cases in which non-spindle eosinophilic or
plasmacytoid myoepithelial cells occupied a significant pro-
portion (10 % or more) of the tumor.

Four-micrometer serial sections were cut from the represen-
tative paraffin block of each case. For immunohistochemical
evaluation, we selected seven markers, α-smooth muscle actin
(α-SMA), calponin, CD10, p63, cytokeratin 5/6, cytokeratin 14,
and S-100 protein, which are commonly used in many institu-
tions for routine practice. Details of the antibodies are summa-
rized in Table 1. Signals were detected by using a Benchmark

Table 1 Antibodies used as myoepithelial markers

Antibody Clone Dilution Antigen retrieval Source

Actin 1A4 1:200 None DG

Calponin CALP 1:100 Enzyme DC

p63 4A4 Prediluted Heat VMS

CD10 SP67 Prediluted Heat VMS

Cytokeratin 5/6 D5/6 1:50 Heat DG

Cytokeratin 14 LL002 1:20 Heat NC

S-100 Polyclonal Prediluted None DG

DC Dako Cytomation, Carpinteria, CA, USA, VMS Ventana Medical
Systems, Tucson, AZ, USA, DG Dako Cytomation, Glostrup, Denmark,
NC Novocastra Laboratories Ltd, Newcastle upon Tyne, UK
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XT automated immunostainer (Ventana Medical System,
Tucson, AZ, USA). The proportion of neoplastic myoepithelial
cells that were positive for a marker was grossly scored as
follows: (−), completely negative; (1+), less than 10 %; (2+),
10–49 %; (3+), 50–69 %; and (4+), 70 % or more. In cases of
mixed-type morphology, spindle cell and clear cell areas were
evaluated separately. Signal intensity was not taken into consid-
eration. The positive signals were scored at cytoplasm for α-
SMA, calponin, cytokeratin 5/6, and cytokeratin 14; at the cell
membrane for CD10; at the nuclei for p63; and at both cytoplasm
and nuclei for S-100. The staining pattern of myoepithelial cells
surrounding normal ducts and lobules in the same specimens, if
adequately present, was also evaluated as non-neoplastic positive
controls. For one clear cell type case, which was a consultation
case, cytokeratin 14 could not be stained because there were an
insufficient number of unstained slides.

The results of the staining patterns were statistically ana-
lyzed with the Kruskal-Wallis test and Mann-Whitney’s U
test. P values <0.05 were regarded as statistically significant.

Results

Therewere four cases of spindle cell type, nine cases of clear cell
type, and three cases of mixed type. In the spindle cell type
tumors, spindle myoepithelial cells predominated over the epi-
thelial components, and a schwannoma-like palisading pattern
was prominent in one case (Fig. 1a, b). In the clear cell type,
clear myoepithelial cells surrounded tubular structures, often

compressing epithelial components (Fig. 2a, c). The epithelial
components had an eosinophilic appearance at least focally in all
nine cases. The neoplastic myoepithelial cells in one of the three
mixed-type cases consisted of 80% spindle cells and 20% clear
cells. One case had a focal pleomorphic adenoma-like area
occupying 20 % of the tumor. Spindle and clear cells occupied
50 and 30 % of the remaining part of the tumor, respectively.
The other mixed-type case was considered to be malignant
because the tumor metastasized to the lung 2 years after surgery.
The neoplastic myoepithelial cells consisted of 80 % clear cells
and 20 % spindle cells. Both myoepithelial and epithelial com-
ponents had nuclear atypia, mitoses, and focal necrosis. A
biphasic pattern was maintained in the metastatic site. Minor
components of non-clear neoplastic myoepithelial cells in an
epithelioid arrangement were present in 6 of 16 cases.

Expression of the seven myoepithelial markers in
myoepithelial cells of normal ducts and acini was evaluated in
15 of 16 cases (Table 2). The staining pattern of these
myoepithelial markers in the normal myoepithelial cells differed
significantly among the seven markers (Kruskal-Wallis test:
P<0.01). The staining pattern of α-SMA, calponin, and p63
were graded as (4+) in all 15 cases. α-SMA, calponin, and p63
had significantly higher staining scores as compared to
cytokeratin 14 (Mann-Whitney’s U test: P=0.029), cytokeratin
5/6 (P=0.016), and S-100 (P<0.01). CD10 showed significant-
ly higher staining scores as compared to S-100 (Mann-
Whitney’s U test: P<0.01). No significant difference was seen
between CD10 and cytokeratin 14 (P=0.118) and between
CD10 and cytokeratin 5/6 (P=0.053). α-SMA, calponin, p63,

Fig. 1 Adenomyoepithelioma,
spindle cell type. a Nuclear
palisading simulating
schwannoma was prominent in
this case. b Neoplastic
myoepithelial cells predominate
over the epithelial components. c
Cytokeratin 14 and d cytokeratin
5/6 in the same area of b. More
than 90 % of the neoplastic
spindle cells are positive
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Fig. 2 Adenomyoepithelioma,
clear cell type. a, c Myoepithelial
cells have abundant clear
cytoplasm and are arranged in an
epithelioid pattern surrounding
the inner epithelial layer. b, d
cytokeratin 5/6. The inner
epithelial layer is strongly
positive, and the outer clear
myoepithelial cells are completely
negative. e calponin. f p63.
Calponin and p63 are diffusely
positive in the outer clear
myoepithelial cells

Table 2 Expression of seven myoepithelial markers in normal myoepithelial cells

(−) (1+) (2+) (3+) (4+)

α-SMA 0 0 0 0 15 (100 %)

Calponin 0 0 0 0 15 (100 %)

p63 0 0 0 0 15 (100 %)

CD10 0 0 0 1 (7 %) 14 (93 %)

Cytokeratin 14a 0 0 1 (7 %) 3 (21 %) 10 (71 %)

Cytokeratin 5/6 0 1 (7 %) 4 (27 %) 0 10 (67 %)

S-100 3 (20 %) 2 (13 %) 5 (33 %) 2 (13 %) 3 (20 %)

α-SMAα-smooth muscle actin, (−) completely negative, (1+) less than 10%, (2+) greater than 10% and less than 50%, (3+) greater than 50% and less
than 70 %, (4+) greater than 70 % of the normal myoepithelial cells were positive
a Cytokeratin 14 could not be examined in one case
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and CD10 were not expressed in normal luminal epithelial cells;
however, cytokeratin 5/6, cytokeratin 14, and S-100 were
expressed in various proportions of normal luminal epithelial
cells. Non-neoplastic spindle stromal cells were frequently pos-
itive for α-SMA and calponin. CD10 was also expressed in
stromal cells, but both the signal intensity and number of posi-
tive cells weremuch less than forα-SMA and calponin. Stromal
cells were not positive for S-100, p63, cytokeratin 14, or
cytokeratin 5/6.

Fo r eva lua t ion o f myoep i the l i a l marke r s in
adenomyoepithelioma, a total of seven spindle cell lesions (four
cases of spindle cell type and three cases of mixed type) and 12
clear cell lesions (nine cases of clear cell type and three cases of
mixed type) were examined. Expression of the seven

myoepithelial markers in each lesion is shown in Table 3.
There was no significant difference in the expression of
myoepithelial markers in total (Kruskal-Wallis test, P=
0.122) and in spindle cell types (P=0.958). However, in
spindle cell types, high-molecular weight cytokeratins
(HMWCK; cytokeratin 5/6 and cytokeratin 14) tended to have
higher scores than other markers (Fig. 1c, d). Cytokeratin 5/6
had significantly higher scores than CD10 (Mann-Whitney’s
U test, P<0.01) and S-100 (P<0.01), and cytokeratin 14 had
significantly higher scores than S-100 (P=0.013).

There was a significant difference in the expression of
myoepithelial markers in clear cell types (Kruskal-Wallis test,
P<0.01). HMWCK had significantly lower scores than any
other myoepithelial marker (Mann-Whitney’s U test,

Table 3 Expression of seven myoepithelial markers in neoplastic myoepithelial cells of adenomyoepithelioma

(−) (1+) (2+) (3+) (4+) Total

Spindle

α-SMA 0 0 3 (43 %) 0 4 (57 %) 7

Calponin 0 0 2 (29 %) 0 5 (71 %) 7

p63 2 (29 %) 0 1 (14 %) 0 4 (57 %) 7

CD10 1 (14 %) 1 (14 %) 2 (29 %) 0 3 (43 %) 7

Cytokeratin 5/6 0 0 0 0 7 (100 %) 7

Cytokeratin 14 0 0 1 (14 %) 0 6 (86 %) 7

S-100 1 (14 %) 1 (14 %) 3 (44 %) 1 (14 %) 1 (14 %) 7

Clear

α-SMA 1 (8 %) 0 1 (8 %) 1 (8 %) 9 (76 %) 12

Calponin 1 (8 %) 0 1 (8 %) 1 (8 %) 9 (76 %) 12

p63 0 0 2 (17 %) 0 10 (83 %) 12

CD10 2 (16 %) 1 (8 %) 0 0 9 (76 %) 12

Cytokeratin 5/6 7 (58 %) 1 (8 %) 1 (8 %) 1 (8 %) 2 (18 %) 12

Cytokeratin 14 5 (46 %) 2 (18 %) 1 (9 %) 1 (9 %) 2 (18 %) 11

S-100 0 1 (8 %) 2 (17 %) 1 (8 %) 8 (67 %) 12

Total

α-SMA 1 (5 %) 0 4 (21 %) 1 (5 %) 13 (69 %) 19

Calponin 1 (5 %) 0 3 (16 %) 1 (5 %) 14 (74 %) 19

p63 2 (10 %) 0 3 (16 %) 0 14 (74 %) 19

CD10 3 (16 %) 2 (10 %) 2 (10 %) 0 12 (64 %) 19

Cytokeratin 5/6 7 (37 %) 1 (5 %) 1 (5 %) 1 (5 %) 9 (48 %) 19

Cytokeratin 14 5 (28 %) 2 (11 %) 2 (11 %) 1 (6 %) 8 (44 %) 18

S-100 1 (5 %) 2 (10 %) 5 (27 %) 2 (10 %) 9 (48 %) 19

(Spindle cell type, Mann-Whitney’sU test) P values for cytokeratin 5/6 vsα-SMA, calponin, p63, CD10, and S-100 are 0.060, 0.141, 0.061, 0.025*, and
<0.01*, respectively. P values for cytokeratin 14 vs α-SMA, calponin, p63, CD10 and S-100 are 0.254, 0.530, 0.199, 0.085, and 0.013*, respectively.
(Clear cell type, Mann-Whitney’s U test) P values for cytokeratin 5/6 vs α-SMA, calponin, p63, CD10, and S-100 are <0.01*, <0.01*, <0.01*, 0.020*,
and <0.01*, respectively. P values for cytokeratin 14 vsα-SMA, calponin, p63, CD10, and S-100 are all <0.01*. (All lesions, Mann-Whitney’sU test) P
value for cytokeratin 5/6 vs α-SMA, calponin, p63, CD10, and S-100 are 0.072, 0.042*, 0.066, 0.244, and 0.351, respectively. P values for cytokeratin
14 vs α-SMA, calponin, p63, CD10, and S-100 are 0.063, 0.036*, 0.063, 0.278, and 0.359, respectively

α-SMA α-smooth muscle actin, (−) completely negative, (1+) less than 10 %, (2+), more than 10 % and less than 50 %, (3+) greater than 50 % and less
than 70 %, (4+) greater than 70 % of the neoplastic myoepithelial cells were positive, Spindle spindle cell type, Clear clear cell type, Total all lesions
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P<0.01). There was no significant difference in myoepithelial
marker expression among α-SMA, calponin, p63, CD10, and
S-100 in clear cell types.

Expression of HMWCK in clear cell type lesions was signif-
icantly lower than in spindle cell type lesions (Mann-Whitney’s
U test, P<0.01). Seven lesions (100 %) of the spindle cell type
were graded as (4+) for cytokeratin 5/6 (Fig. 2), but 7 of 12 clear
cell lesions (58 %) were completely negative. Six of seven
spindle cell type lesions (86 %) were graded as (4+) for
cytokeratin 14, but 5 of 11 clear cell lesions (45 %) were
completely negative. Five of 12 clear cell lesions (42 %) were
completely negative for both cytokeratin 5/6 and cytokeratin 14.
Five of 7 cytokeratin 5/6-completely negative cases were
completely negative for cytokeratin 14. One cytokeratin 5/6-
completely negative case was graded as (2+) for cytokeratin
14. Cytokeratin 14 immunostaining was not available for the
other cytokeratin 5/6-completely negative case. These complete-
ly negative lesions showed a unique paradoxical staining pattern;
the inner luminal epithelial cells were diffusely positive for
HMWCK, and the outer clearmyoepithelial cells were complete-
ly negative (Fig 2a–d). The inner epithelial cells positive for
HMWCK had deep eosinophilic cytoplasm in hematoxylin and
eosin (HE) sections (Fig. 2a, c). Epithelial cells without deep
eosinophilic cytoplasm did not show diffuse HMWCK expres-
sion. Lesions with a paradoxical staining pattern were positive
for other myoepithelial markers (Fig 2e, f).

S-100 expression was also significantly different between spin-
dle cell and clear cell type lesions (Mann-Whitney’s U test, P=
0.03). The S-100 staining scores were significantly higher in the
clear cell type than in the spindle cell type. One mixed-type case
with a pleomorphic adenoma-like area was diffusely positive for
S-100 in the myoepithelial cells of the entire tumor, regardless of
the cytomorphology of the myoepithelial cells, including the
pleomorphic adenoma-like area.

There was no difference in the expression of α-SMA,
calponin, p63, and CD10 between spindle cell and clear cell type
lesions (P=0.155∼0.439).

We compared the expression of myoepithelial markers in
normal and neoplastic myoepithelial cells. The staining scores
of α-SMA, calponin, p63, CD10, and cytokeratin 14 were
significantly decreased in neoplastic myoepithelial cells as com-
pared to normal myoepithelial cells (Mann-Whitney’sU test, P=
0.019, 0.035, 0.035, 0.030, and 0.034, respectively). There was
no significant difference in the staining scores of cytokeratin 5/6
and S-100 between normal and neoplastic myoepithelial cells
(P=0.901 and 0.084, respectively).

Discussion

In addition to classical myoepithelial markers, actin [21] and
S-100 [22], numerous myoepithelial markers are useful for
immunohistochemical studies of formalin-fixed paraffin-

embedded tissues. These markers recognize different antigens
in myoepithelial cells, and their sensitivity and specificity are
variable [23–28]. Among them, calponin, p63, CD10, and
HMWCK are effective in routine practice due to their sensi-
tivity, specificity, and ease of interpretation [23]. In the present
study, we evaluated the usefulness of α-SMA, S-100,
calponin, p63, CD10, cytokeratin 5/6, and cytokeratin 14 for
the identification of the neoplastic myoepithelial components
of adenomyoepithelioma.

First, we found that the seven myoepithelial markers had
various degrees of positive staining, even in normal myoepithelial
cells. The most sensitive markers for normal myoepithelial cells
were α-SMA, calponin, and p63, followed by CD10, cytokeratin
14, cytokeratin 5/6, and S-100. Recently, Hilson et al. reported that
expression of myoepithelial markers was decreased in non-
neoplasticmyoepithelial cells surrounding ductal carcinoma in situ
(DCIS) and benign sclerosing lesions [29, 30]. They suggested
that the sensitivities of myoepithelial markers varied and that the
sensitivity of the same marker could also be different in different
pathologic conditions. High sensitivity of α-SMA and low sensi-
tivity of cytokeratin 5/6 in our data from normal myoepithelial
cells were comparable to the data of Hilson et al. [29, 30]. Because
of the low sensitivity and specificity of HMWCK and S-100 in
identifying normal myoepithelial cells, we consider that these
markers should not be used alone when the presence or absence
of myoepithelial cells is critical for diagnosis.

Next, we evaluated myoepithelial marker expression in neo-
plastic myoepithelial cells of adenomyoepithelioma. Compared
to the staining scores in normal myoepithelial cells, most of the
markers, except for cytokeratin 5/6 and S-100, had decreased
staining scores in neoplastic cells. This decreased expression of
myoepithelial markers may reflect decreased functional differ-
entiation in neoplastic cells. There was no significant difference
in staining scores in adenomyoepithelioma among the seven
myoepithelial markers in total. α-SMA, calponin, p63, and
CD10, which are sensitive markers of normal myoepithelial
cells, are also useful and sensitive markers of neoplastic
myoepithelial cells, regardless of spindle or clear cell types.

Several notable differences were seen in the staining scores
of myoepithelial markers, especially between HMWCK and
other markers, when comparing these markers in spindle cell
and clear cell type lesions. The sensitivity of HMWCK to
identify neoplastic spindle myoepithelial cells is higher than
other markers, especially significantly higher than CD10 and
S100. Considering the absence of cross-reactivity with non-
neoplastic spindle stromal cells, HMWCK are considered to
be superior to α-SMA, calponin, and CD10 in identifying
neoplastic spindle myoepithelial cells. On the other hand, the
sensitivity of HMWCK in clear cell type lesion was signifi-
cantly lower than that of other markers. The lower sensitivity
of HMWCK in adenomyoepithelial tumor has hitherto not
been reported. Hungermann et al. examined expression of
HMWCK , p 6 3 , a n d SMA i n 2 7 c a s e s o f
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adenomyoepithelioma of the breast and showed constant ex-
pression of HMWCK and p63 in these tumors [20]. The
striking difference on the sensitivity of HMWCK seems to
be partly due to the difference of evaluation method between
the two studies. In our study, we strictly focused on
myoepithelial marker expression in neoplastic myoepithelial
cells and did not count the expression of these markers in
neoplastic epithelial cells. In the study of Hungermann et al.,
they did not mention which component of adenomyoepithelial
tumor expressed HMWCK.

The most notable result on the expression of
HMWCK is that the HMWCK produced a very unique
paradoxical staining pattern in clear cell type lesions.
The inner epithelial layer was diffusely positive, and the
outer myoepithelial layer was completely negative. The
inner epithelial cells that were positive for HMWCK
had characteristic deep eosinophilic cytoplasm.
HMWCK expression in luminal epithelial cells is well
known [23, 31–34]. The predominance of luminal ex-
pression of HMWCK and very weak HMWCK expres-
sion of myoepithelial cells in the normal acini was also
described [32]. It should be noted that there is consid-
erable variation in HMWCK expression in normal breast
even within the same breast [32]. The paradoxical stain-
ing pattern of clear cell lesions might recapitulate the
staining pattern of normal acini. The other possibility is
that the unique relationship between inner HMWCK-
positive neoplastic epithelial cells and outer negative
neoplastic myoepithelial cells might reflect the special
interaction between the two neoplastic components that
is deviated from the normal cellular interaction.
Although the exact biological mechanism and signifi-
cance are unknown, the recognition of this unique stain-
ing pattern of HMWCK can assist in the practical
pathological diagnosis of adenomyoepithelioma.

Among seven myoepithelial markers in the present
study, p63 and HMWCK are also known to be
expressed in basal/progenitor cells which lack specific
lineage markers, and both markers were reported to be
co-expressed [35–37]. In this study, we found p63-
positive and HMWCK-negative population in both nor-
mal basal/myoepithelial cells and neoplastic clear
myoepithelial component in adenomyoepithelioma. The
presence and the implication of this phenotype have not
been reported. One possibility is the difference in the
clone of antibody. We used D5/6, but D5/16B4 was
used by several other studies [36, 37]. As most of the
HMWCK-negative/p63-positive cases were positive for
other myoepithelial markers such as α-SMA and
calponin, another interpretation is that HMWCK-
negative and p63-positive myoepithelial cells might re-
flect slightly more differentiated myoepithelial cells
which have lost immature basal/progenitor phenotype.

The presence of HMWCK-negative and SMA-positive
myoepithelial cells was described in the study using in
situ triple immunofluorescence lineage/differentiation
tracing [37].

Although the S-100 staining score in normal myoepithelial
cells and adenomyoepithelioma of the spindle cell type was
lower than for other markers , i ts expression in
adenomyoepithelioma of the clear cell type was almost iden-
tical to that of α-SMA, calponin, p63, and CD10. Notably,
diffuse and intense expression of S-100 throughout the tumor
tissue was seen in one mixed-type case with pleomorphic
adenoma-like areas. Pleomorphic adenoma of the breast is a
v e r y r a r e n e o p l a sm t h a t h a s s im i l a r i t i e s t o
adenomyoepithelioma in that it exhibits epithelial and
myoepithelial differentiation. Its origin is considered to be a
single cell that has the potential for divergent differentiation
[38]. S-100 expression in all cell types of pleomorphic ade-
noma of the breast has been demonstrated [38, 39]. Boecker
et al. recently confirmed that both pleomorphic adenoma and
epithelial-myoepithelial tumor of the breast and salivary gland
differentiate from keratin K5/K14-positive p63-positive pro-
genitor cells [37]. Although the lack of myxoid or
chondromyxoid stroma differentiates adenomyoepithelioma
from pleomorphic adenoma, these two lesions could be close-
ly related, as exemplified by the single case of the present
study that had features of both tumor types within one lesion.

In conclusion, any of the seven myoepithelial markers are
useful for the diagnosis of adenomyoepithelioma. Considering
the relatively high sensitivity of α-SMA, calponin, and p63 in
both spindle and clear cell lesions and the unique paradoxical
staining pattern and relatively high sensitivity of HMWCK in
spindle cell lesions, it is reasonable to choose one or several
markers from each group for the immunohistochemical panel
of adenomyoepithelioma. It is also important to consider the
morphology of the lesion (i.e., spindle or clear cell) when
choosing immunohirstochemical markers.
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