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CD10, also called common acute lymphoblastic leu-
kemia antigen (CALLA), was recently found to be
expressed in nonhematopoietic tissues. Although
CD10 was also identified in human breast myoepi-
thelial cells, its availability of immunohistochemis-
try on paraffin sections has not been examined so
far. In the present study, we demonstrated CD10
immunohistochemically on paraffin sections of
both normal and pathological breast tissues, com-
paring its staining patterns to those of smoothmus-
cle actin (SMA), which is now commonly used to
highlight myoepithelium. CD10 was consistently
positive in normal breast myoepithelial cells. CD10
also clearly highlighted myoepithelial cells in intra-
ductal papilloma, adenosis, ductal hyperplasia, fi-
broadenoma, and phyllodes tumor as well as SMA
did. In atypical ductal hyperplasia and ductal carci-
noma in situ, continuous, discontinuous, and to-
tally negative stainings of both CD10 and SMA were
noted, depending on foci of neoplastic cell nests.
However, both stainings clearly demonstratedmyo-
epithelial cells of cancerized acini, being useful in
differentiating lobular cancerization from microin-
vasion. Because SMA was also positive in normal
vessels and spindle-shaped stromal cells, CD10,
which was negative in vessels, was useful in differ-
entiatingmyoepithelial cells from thin vascular wall
in intracystic lesions with delicate papillae. Al-
though background staining of spindle-shaped stro-
mal cells was also noted in CD10, the positive cell
number was less, and the signal was weaker than
that of SMA. The absence of myoepithelial cells in
invasive ductal carcinomas was more clearly high-
lighted by CD10 than SMA.We concluded that CD10
could be another useful marker of breast myoepi-
thelial cells on paraffin sections. Combination of

CD10 and SMA will provide more sophisticated in-
formation about presence or absence of myoepithe-
lial cells in confusing breast lesions.
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Ducts and lobuloalveolar structures of the normal
breast consist of two distinct cell types. One is the
inner layer of epithelial cells lining the lumen, and
the other is the outer layer of myoepithelial cells,
showing the characteristic two-cell pattern (1). As
the latter cells are rich in myofibrils in their cyto-
plasm, they are contractile and sensitive to oxyto-
cin. The appearance of myoepithelial cells on he-
matoxylin and eosin sections varies considerably
depending on both physiological and pathological
status (1).
Presence of this two-cell pattern in the glandular

structures in some pathological situations is gener-
ally an important histological hallmark of benignity.
There are many benign lesions that show promi-
nent ductal proliferation, causing misinterpreta-
tions of such lesions as malignancy. Of these, ad-
enosis and intraductal papilloma with sclerosis are
sometimes difficult to differentiate from invasive
ductal carcinoma (2). Distinction between some
intracystic papillary carcinomas (3, 4) with low nu-
clear grade and intraductal papilloma are challeng-
ing. A two-cell pattern of epithelial and myoepithe-
lial cells is maintained even in such problematic
lesions, except in one special type of adenosis
called “microglandular adenosis” (5, 6). Because it
is not always easy to identify myoepithelial cells on
routine hematoxylin and eosin sections, immuno-
histochemical demonstration of myoepithelial cells
is helpful to make exact diagnoses of these lesions.
Smooth muscle actin (SMA) is commonly used to
highlight myoepithelial cells (7).
CD10, also called common acute lymphoblastic

leukemia antigen (CALLA), has mainly been applied
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to the diagnosis of hematopoietic malignancies.
CD10 was recently reported also to be expressed in
various nonhematopoietic cells (8–10), and immu-
nohistochemistry in paraffin sections became use-
ful in differential diagnosis in some neoplasms (11–
14). CD10 was also identified as the same molecule
as neutral endopeptidase, which can inactivate oxy-
tocin and some other peptide hormones (15).

CD10 was also identified in myoepithelial cells of
the human breast (16). Ultrastructural studies con-
firmed the presence of this antigen on the lateral
membrane of the myoepithelial cells (16). Clarke et
al. (17) successfully separated luminal cells from
myoepithelial cells by immunomagnetic tech-
niques, using immunohistochemical expression of
epithelial membrane antigen in luminal cells and of
CD10 in myoepithelial cells, respectively. In the
area of diagnostic pathology of the breast, CD10
expression in myoepithelial cells was evaluated in
fibroadenoma and phyllodes tumor (9, 18). How-
ever, these studies were performed on frozen sec-
tions. CD10 expression in myoepithelial cells has
not been examined in a wide variety of breast le-
sions in formalin-fixed paraffin-embedded tissue
sections so far.

In this study, we demonstrated CD10 expression
in various breast lesions on paraffin sections, com-
paring its staining pattern with those of �-smooth
muscle actin (SMA) and S-100 protein, which is also
a marker of myoepithelial differentiation (7), and
evaluated availability of CD10 immunohistochem-
istry on differential diagnosis of breast lesions.

MATERIALS AND METHODS

Study Cases
Representative paraffin sections of 70 distinct le-

sions from 46 cases of breast examined in the De-
partment of Pathology, Shiga University of Medical
Science, Ohtsu, Japan between 1996 and 2001 were
selected for the study. All the specimens were of
either mastectomy or excisional biopsy, and cases
of needle biopsy were excluded from the study.
Specimens included were 2 ductal adenomas, 7 in-
traductal papillomas, 5 lesions that contained foci
of adenosis, 4 lesions that contained multiple cystic
glands, 6 lesions that contained foci of ductal hy-
perplasia, 2 lesions that contained foci of atypical
ductal hyperplasia, 20 ductal carcinomas in situ
(DCIS), 10 usual invasive ductal carcinomas, 2 fi-
broadenomas, 2 phyllodes tumors (low grade), 2
matrix-producing carcinomas, 1 adenoid cystic car-
cinoma, 2 mucinous carcinomas, and 1 medullary
carcinoma. The patients’ ages ranged from 14 to 96
years old (average, 52.3 y). Duration of formalin
fixation was �2 days in all the cases examined.

Immunohistochemistry
We made 4-�m-thick serial sections from each

representative paraffin block, and immunohisto-
chemical stainings for �-SMA, CD10, and S-100
protein were performed in this order. The primary
antibodies used are listed in Table 1. For CD10
staining, the sections were immersed in distilled
water and pretreated in an autoclave at 121° C for
25 minutes for the purpose of antigen retrieval. No
pretreatment was performed for SMA and S-100.
After 20 minutes’ incubation with 0.3% hydrogen
peroxidase, all the sections were incubated with the
primary antibodies for 2 hours at room tempera-
ture, followed by signal detection using the
streptavidin-biotin-peroxidase method (LSAB2 Kit/
HRP; DAKO, Kyoto, Japan).

RESULTS

Normal Ducts and Lobules
Various proportions of normal ducts and lobules

were present in the same sections in 42 of 43 cases
(Fig. 1A and E). In all these sections, CD10 was
strongly and consistently positive in myoepithelial
cells of both ducts (Fig. 1B) and lobular acini (Fig.
1F). It was exclusively negative in luminal epithelial
cells. The staining pattern of CD10 in myoepithelial
cells was identical to that of SMA (Fig. 1C and G).
Although SMA was also positive in the wall of ves-
sels, CD10 was completely negative. S-100 protein
was positive mainly in acinar myoepithelial cells
(Fig. 1H) but was also positive in ductal myoepithe-
lial cells in various proportions. It was also ran-
domly positive in luminal epithelial cells of ducts
(Fig. 1D).

Cystic Glands
Cystic glands were present in 7 cases. Large cystic

glands whose lining epithelium was markedly dis-
tended showed negative or decreased staining den-
sity for both CD10 and SMA. Small to medium-
sized cystic glands whose cytoplasm of the lining
epithelium was still identifiable were positive for
CD10 and SMA corresponding to the outer layer of
these glands. S-100–positive cells were randomly
scattered in luminal or myoepithelial cells whose
cytoplasm was identifiable but were completely
negative in the large cystic glands whose cytoplasm
of lining epithelium was distended.

TABLE 1.

Antibody Source Company Dilution

CD10 (anti CALLA, NU-N1) Japanese Nichirei (Tokyo) 1:50
�-Smooth muscle actin (1A4) DAKO (Kyoto) 1:100
S-100 DAKO (Kyoto) 1:100
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FIGURE 1. Serial sections of normal duct (A–D) and acini (E–H). Both CD10 (B, F) and SMA (C, G) were strongly and consistently positive in the
myoepithelial cells. S-100 was positive in the myoepithelium of acini (H), but it was also randomly positive in the luminal epithelium and
myoepithelium of the duct.

Immunohistochemistry of Breast Myoepithelium (S. Moritani et al.) 399



Ductal Adenoma
Two ductal adenomas showed heterogenous

staining patterns. In one case, both CD10 and SMA
were positive in �50% of the tubular outer layer;
however, S-100 was positive in most of the cells in
the outer layer of proliferated tubules and also in
some cells growing in solid nests. The other one
case showed positive only for CD10 in normal
glands; adenoma lesion, CD10, SMA, and S-100
were all negative.

Adenosis
We had five cases that contained foci of adenosis

(two florid duct adenosis, three sclerosing adeno-
sis). In four cases (one florid duct adenosis, three
sclerosing adenosis), both CD10 and SMA were
strongly and consistently positive in the outer layer
of proliferated tubules (Fig. 2A–C). In the other one
case of florid duct adenosis, the staining of SMA
was weaker than that of CD10, although both were
positive in the outer layer of proliferated tubules. In
two cases (1 florid duct adenosis, 1 sclerosing ad-
enosis), 80% of the outer layer of proliferated tu-
bules was positive for S-100, but in the other three,
S-100 was randomly positive in the cells of inner
and outer layers.

Intraductal Papilloma
In all seven cases of intraductal papilloma, CD10

(Fig. 3B) and SMA (Fig. 3C) were positive in the cells
beneath the epithelial cells that line the papillary
architectures and in the outer layer of the tubules
proliferating in the fibrovascular stroma. SMA was
also positive in the vascular components of the
stroma. One lesion contained infarcted and scle-
rotic areas (Fig. 3D). In the infarcted area, CD10 was
positive, corresponding to the outer layer of the
silhouette of necrotic tubules (Fig. 3E), indicating
that the infarcted lesion had been benign when it
was viable. However, the SMA was only vaguely
stained in such parts (Fig. 3F). In the sclerotic area,
SMA was positive in the outer layer of the atrophic
tubules and vessel wall; CD10 was almost negative
in these parts. One more lesion contained the foci
of sclerosis, where some atrophic tubules were
noted. SMA was positive in these tubules, but CD10
was negative. S-100–positive cells were generally
small in number and were scattered in the outer
layer or basal side of the lining epithelium and also
in the stroma in individual patterns.

Ductal Hyperplasia
In all six of the lesions of ductal hyperplasia, the

entire circumference of the ducts, corresponding to
myoepithelial cells, was positive for CD10 and SMA.

S-100 was randomly positive in myoepithelial cells,
but most of the lesion was negative.

Atypical Ductal Hyperplasia and Ductal
Carcinoma In Situ

Two cases contained foci of atypical ductal hy-
perplasia, which showed atypical ductal epithelial
proliferation, but not sufficient to be labeled DCIS.
Both lesions were associated with DCIS. In one
case, the entire circumference of all the atypical
ducts, corresponding to myoepithelial cells, was

FIGURE 2. Adenosis (A). Both CD10 (B) and SMA (C) were strongly
and consistently positive in the myoepithelial cells of proliferated
tubules.
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positive for CD10 and SMA. In this case, S-100 was
totally negative. In the other case, 80 to 90% of the
atypical ducts were CD10 and SMA positive in the
entire circumference; however, the remaining ducts
showed focally negative. In this case, the entire
circumference of 60% of the atypical ducts was
positive for S-100.

We had 20 cases of DCIS. The outer layer of
neoplastic ducts, solid nests, cribriform structures,
and cystically dilated ducts with papillary projec-
tion showed various staining patterns. Some lesions
showed positive for both CD10 and SMA in their

entire circumference; others showed discontinu-
ously positive or entirely negative. Generally,
smaller foci showed encircled pattern of positivity
for CD10 and SMA. In 6 of the 20 DCIS, SMA-
positive parts predominated over CD10-positive
parts. In foci of intralobular extension of the neo-
plasm (Fig. 4A), most of the acinar myoepithelial
cells were clearly demonstrated by both CD10 and
SMA (Fig. 4B and C). S-100 was almost negative,
except for a few foci of intralobular extension of the
neoplasm, where acinar myoepithelial cells were
positive.

FIGURE 3. Intraductal papilloma (A, D). Both CD10 (B) and SMA (C) were strongly positive in the myoepithelial cells. CD10 also highlighted the
silhouette of myoepithelium in the infarcted area (E), where SMA was negative (F). Meanwhile, SMA was positive in the vessels and myoepithelium
of atrophic tubules in the sclerotic area (F), where CD10 was negative (E).
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Four of 20 DCISs were so-called intracystic pap-
illary carcinoma, which architecturally resembled
an intraductal papilloma; that is, had intracystic
papillary growth with fibrovascular core (Fig. 4D).
Unlike the case of intraductal papilloma, CD10-
positive myoepithelial cells were absent in the areas
of papillary projection (Fig. 4E). SMA was positive
in vessels and in some spindle-shaped stromal cells
in the fibrovascular core (Fig. 4F); however, the
characteristic positive pattern of myoepithelial cells
seen in intraductal papillomas was not present.
Some of the vascular stainings of SMA just beneath

the lining of the neoplastic epithelium, especially
where fibrovascular stromal cores were narrow and
delicate, were confused with those of myoepithelial
cells. A few S-100–positive stromal cells were scat-
tered in the fibrovascular core.

Invasive Carcinoma
We had 17 cases of invasive carcinomas (Fig. 5A),

including two matrix-producing carcinomas, 1 ad-
enoid cystic carcinoma, one invasive micropapil-
lary carcinoma, two mucinous carcinomas, and one

FIGURE 4. Ductal carcinoma in situ (A). Both CD10 (B) and SMA (C) highlighted myoepithelium of cancerized lobules. Intracystic papillary
carcinoma (D). Fibrovascular core was negative for CD10 (E), whereas SMA was positive in the delicate vascular network (F). Vascular staining
beneath the neoplastic epithelium could be confused with myoepithelium (F).
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medullary carcinoma. In all these lesions, there was
no myoepithelial component that was positive for
either SMA or CD10 (Fig. 5B–C); however, SMA was
positive in many of the spindle cells of the desmo-
plastic stromal component. This background stain-
ing of stromal cells occasionally encircled the small
neoplastic cell nests and tubules (Fig. 5C). CD10
was also positive in a small number of these stromal
cells, but the staining was generally weak (Fig. 5B).
S-100 was entirely negative in neoplastic areas.

Fibroadenoma and Phyllodes Tumor
CD10 and SMA were strongly and consistently

positive in the myoepithelial cell components of
both fibroadenoma and phyllodes tumor, but epi-
thelial cells were completely negative. S-100 was
positive in 50–70% of the myoepithelial cells of
both types of tumors.

DISCUSSION

In the current study, we found that CD10 was
consistently positive in the myoepithelial cells of
the normal breast on paraffin sections. The staining
pattern was identical to that of SMA. We consider
that CD10 could be another useful marker of myo-
epithelial cells of the breast on paraffin sections.
The staining pattern of S-100 was heterogenous;
acinar myoepithelial cells were more frequently
positive than ductal myoepithelial cells. S-100 pos-
itivity was not always specific to myoepithelial cells
but was occasionally detected in luminal epithelial
cells.

In ductal adenoma, adenosis, cystic glands, duc-
tal hyperplasia, fibroadenoma, and phyllodes tu-
mor, CD10-staining patterns of myoepithelial cells
were almost identical to those of SMA. CD10 is also
considered to be useful in the distinction between
adenosis and invasive ductal carcinoma or between
ductal adenoma and ductal carcinoma. S-100 is
considered not to be very useful in practical differ-
ential diagnosis of the breast compared with CD10
and SMA; however, S-100 may play a supplemen-
tary role in some situations, such as in differential
diagnosis of ductal adenoma and carcinoma.

CD10 immunohistochemistry seems to offer ex-
cellent information, especially in differential diag-
nosis of intraductal papillary lesions. As SMA is also
positive in the vascular wall, the fibrovascular core
of intraductal papillary lesions contains many SMA-
positive components. In complex papillary lesions
that had delicate narrow fibrovascular stroma, it
was difficult to find out whether the SMA-positive
component adjacent to the lining epithelium was
the myoepithelial cells or the thin vascular wall.
Meanwhile, CD10 was completely negative in the
vascular wall and clearly highlighted the myoepi-
thelial cells. We conclude that CD10 can offer a
more exact information about presence or absence
of myoepithelial component than SMA when pap-
illary lesion has a delicate complex architecture. In
one case of intraductal papilloma that had both
infarcted and sclerotic areas, CD10 highlighted the
silhouette of the necrotic tubules. Because there
was only one case studied, this may not allow a firm
conclusion; however, CD10 may be helpful in spec-

FIGURE 5. Invasive ductal carcinoma (A). CD10 (B) was positive only
in myoepithelial cells of a few nonneoplastic glands entrapped in the
tumor. Meanwhile, background staining of SMA (C) occasionally
encircled the neoplastic cell nests.
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ulating whether a totally infarcted intraductal pap-
illary lesion had been benign intraductal papilloma
or intraductal papillary carcinoma when it was vi-
able. This must be further studied by investigations
involving more cases.

In atypical ductal hyperplasia and DCIS, both
SMA and CD10 highlighted totally or focally retain-
ing myoepithelial cells at the circumference of the
ducts or acini that were involved by tumor. When
either of them are stained positively in the circum-
ference of acini, it seems to be useful in making a
distinction between intralobular extension of DCIS
and microinvasion (19). On the other hand, when
both of them are negative, it is difficult to interpret
it as microinvasion because not all DCIS lesions
retain myoepithelial cells in their circumference as
well as basement membrane (20). There was a ten-
dency for SMA-positive area to predominate over
CD10-positive area; some CD10-negative tumor cell
nests showed SMA positive. It is not clear whether
SMA has a higher sensitivity to myoepithelial cells
or CD10 has a higher specificity to myoepithelial
cells.

There are occasionally spaces between tumor cell
nests and surrounding stroma. In such a situation,
distinction between simple artificial spaces around
the tumor and vessel involvement of the tumor
becomes part of the problem. In invasive carcino-
mas such as invasive micropapillary carcinomas
(21), SMA seems to be useful for highlighting vessel
walls. However, it seems not to be useful for making
the distinction between DCIS surrounded by artifi-
cial spaces and vessel involvement because SMA is
positive both in myoepithelial cells and vessels. In
such a situation, this distinction will be possible if
CD10 is added because CD10 is totally negative in
vessels and positive in myoepithelial cells.

We saw weak and scattered CD10-positive spin-
dle stromal cells, which might be myofibroblasts, as
reported elsewhere on frozen sections (9). As this
CD10-positive population was only a minor com-
ponent, it is not likely to cause noise on identifying
myoepithelial cells. However, much more stromal
cell components were positive for SMA. Especially
in invasive ductal carcinomas with desmoplastic
stroma, the background SMA staining of stromal
cells was strong. When careful evaluation of myo-
epithelial cells is necessary, such as in the cases of
intraductal carcinoma in sclerosing adenosis (22,
23) and lobular cancerization (24) of DCIS, CD10
seems to be better for demonstrating myoepithelial
cells because the stromal background staining is
weaker than that of SMA.

In summary, we concluded that CD10 could be
an useful marker of myoepithelial cells on paraffin
sections. Combining SMA and CD10 will allow

more sophisticated evaluation of myoepithelial
cells for differential diagnosis of breast lesions.
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Book Review

Dabbs DJ, editor: Diagnostic Immunohisto-
chemistry, 685 pp, London, Churchill Liv-
ingstone, 2002 ($269.00).

This rather voluminous textbook (more than 650
pages) summarizes in an encyclopedic fashion
almost everything that is currently known about
the immunoreactivity patterns of human tumors
for the several hundreds of antibodies in use in
immunohistology laboratories. The book offers a
wealth of information in the form of written text,
many micrographs that are often (but not al-
ways) well chosen and of good quality, bar
graphs and tables, diagnostic algorithms or
rather decision trees, and thousands of
references.

The opening chapter, on techniques, is ex-
cellent. It is concise yet comprehensive, system-
atic yet practical in everyday use. The second
chapter, on cost effectiveness, which constitutes
with the first the methodological introduction to
the organ system-oriented chapters, disserves
the book. I simply could not follow the authors’
lines of reasoning. What, for example, to make of
the following phrase ‘One reason why immuno-
histochemistry appears to be so cost effective is
that the benefit to cost ratio of immunohisto-
chemistry is relatively low compared with the
same ratio in other medical procedures.‘

Things get better in the organ-oriented chap-
ters but to a variable degree. An overall charac-
teristic of the book is the variability in approach
and in didactic quality between the chapters.
This is frequently the case in multi-authored vol-
umes and might have been avoided by much
more rigorous editing. Some chapters are of ex-
emplary quality. The chapter on non-Hodgkin’s

lymphomas is concise and practice-oriented.
The key diagnostic points are a real help in di-
agnoses. The chapter on soft tissue and osseous
neoplasms, in contrast, is very descriptive, has
no key diagnostic points, and might not be a big
help in solving diagnostic problems. Some chap-
ters lack accuracy in the description of the char-
acteristics of the relevant antigens. About lami-
nin I read, ‘It is a 1000 kd molecule, the three
short forms and one long arm of which have
globular end regions.‘ That it is a family of het-
erotrimeric cross-shaped molecules, of which
some members show cell type specific localiza-
tion (which might even be of diagnostic use!), is
left to the imagination of the author.

The diagnostic algorithms are a nice idea but
difficult in use. Where do they begin? How reli-
able is their use (as an immunoreactivity-guided
decision tree) in diagnostic practice?

A striking example of the heterogeneity of the
book is the printing of the graphs and the algo-
rithms. Some chapters have the graphs in color,
others in black and white, and this holds true
also for the algorithms.

Overall, therefore, I have somewhat mixed
feelings about the book. The wealth of informa-
tion is its major asset: if you know what you are
looking for and are persistent, you will probably
find it. If you have a problem in your daily diag-
nostic practice, the book might appear less help-
ful than you hoped. Time will tell whether in its
present form it will become a classic. I wonder.

Fred Bosman
University of Lausanne
Lausanne, Switzerland
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