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Abstract A small group of tumors of breast and salivary
glands contains squamous/epidermoid elements as a constitu-
tive feature (e.g., squamous carcinoma, syringomatous tu-
mors, and mucoepidermoid carcinoma). Other tumors (e.g.,
pleomorphic adenoma, adenomyoepithelial tumors, and ade-
noid cystic carcinoma) may show occasionally squamous
differentiation. Furthermore, squamous metaplasia may be
observed in non-neoplastic breast and salivary tissues. How-
ever, the histogenesis of these squamous differentiations is far
from being understood. Based on our earlier in situ triple
immunofluorescence and quantitative reverse transcription
(RT)-PCR experiments for basal keratins K5/14 and p63 as

well as for glandular keratins (K7/K8/18), squamous keratins
(K10 and K13), and myoepithelial lineage markers (smooth
muscle actin, SMA), we here traced the squamous/epidermoid
differentiation lineage of 60 tumors of the breast and/or sali-
vary glands, cultured tumor cells of 2 tumors, and of 7 squa-
mous metaplasias of non-neoplastic breast and salivary tis-
sues. Our results indicate that both the neoplastic lesions as
well as the non-neoplastic squamous metaplasia contain p63/
K5/14+ cells that differentiate toward K10/13+ squamous
cells. Thus, cells with squamous/epidermoid differentiation
undergo a transition from its original p63/K5/14+ precursor
state to K10/13+ squamous lineage state, which can be pic-
tured by triple-immunofluorescence experiments. Given the
immunophenotypic similarity of p63/K5/14+ tumor cells to
their physiological p63/K5/14+ counterparts in normal breast
and salivary duct epithelium, we suggest that these cells
provide an important histogenetic key to understanding the
pathogenesis of squamous differentiation both in normal
breast/salivary gland tissues and their corresponding tumors.

Keywords Tumors of breast and/or salivary glands with
squamous/epidermoid differentiation . Squamous cell
carcinoma . Adenosquamous carcinoma .Mucoepidermoid
carcinoma . Squamousmetaplasia . p63/K5/14+ progenitor
cells . Multiple immunofluorescence labeling

Introduction

In previous studies on adenosquamous carcinoma/
syringomatous tumor of the breast and on tumors of breast/
salivary glands with myoepithelial differentiation, we demon-
strated that K5/K14-positive tumor cells coexpressing p63 are
key constituent cells of these lesions [7, 8]. They give rise to
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glandular and/or myoepithelial cell lineages and, in some
tumors, even to heterologous tissues. We now continued these
studies with a focus on the phenomenon of epidermoid/
squamous differentiation, including lesion categories which
constitutively contain squamous differentiation (e.g., squa-
mous carcinoma and adenosquamous/low/intermediate
mucoepidermoid carcinoma) and lesions which occasionally
show such differentiation (e.g., pleomorphic adenoma, papil-
loma, and adenomyoepithelial tumors) [6, 35, 36, 42, 51, 58,
86, 90, 94], and finally non-neoplastic tissues with such
cellular changes [17, 37, 41, 43, 77, 91, 103]. The histogenesis
of squamous differentiation in these lesions is far from fully
understood. Based on the expression of p63 both in
myoepithelial and in squamous cells, the most-held current
view is that of a myoepithelial histogenesis of squamous
differentiation in these lesions [27, 29, 33, 46, 88] [75, 89].

The aim of this study was to analyze the developmental
potential of cells with special reference to squamous differen-
tiation state in order to better understand the histogenesis of
the squamous (epidermoid) lineage differentiation in these
lesions. As in our previous studies [8], we used in situ triple
immunofluorescence experiments to investigate the simulta-
neous expression of several keratin subtypes [39, 48, 61, 63],
p63 (a p53 homologue) [4, 68, 83, 84], and a myoepithelial
marker SMA [4, 30, 40, 102]. Corroborated by quantitative
reverse transcription (RT)-PCR expression studies, our results
imply that K5/K14 and p63 coexpressing cells are the key
players from which squamous differentiation in all these tu-
mors as well as in squamous metaplasia of non-neoplastic
tissue develop.

Material and methods

Case selection and histological classification

Routinely processed formalin-fixed paraffin-embedded tissues
from 8 squamous cell carcinomas of the breast and 2 of the
salivary gland, 21 cases of low-grade adenosquamous
carcinomas/syringomatous tumors of the breast, 14
mucoepidermoid carcinomas of the salivary glands, 4 pleomor-
phic adenomas, 3 epithelial-myoepithelial tumors, 2
fibroepithelial tumors, 2 papillary lesions, 4 no specific type
carcinoma or medullary carcinomas, and 7 non-neoplastic tis-
sues with squamousmetaplasia were collected from the archives
of the Department of Pathology of the University of Muenster
(WB) and Albertinen Pathology, Hamburg/Salivary Gland Reg-
istry, Hamburg (ThL). Representative hematoxylin and eosin
(H/E)-stained sections were reviewed in all cases (WB, ThL),
using the criteria described in the WHO breast tumor classifica-
tion [51, 86, 95] and the WHO classification of head and neck
tumors [36]. Normal human breast tissues obtained from plastic
surgery and normal salivary glands were used as controls.

Tissue probe processing and primary antibodies

Paraffin tissue sections (4 μm thick) were pretreated and
stained as described elsewhere [13]. Antibodies were applied
according to the manufacturers’ recommendations. Blocking
the endogenous Fc receptors prior to incubation with primary
antibodies was omitted, because we have recently reported
that endogenous Fc receptors in routinely fixed cell and tissue
probes do not retain their ability to bind Fc fragments of
antibodies [12]. For immunostaining, we used primary anti-
bodies raised against basal keratins K5 (rabbit monoclonal,
MEDAC Diagnostica), K5/6 (mouse monoclonal, DAKO),
K14 (mouse monoclonal, Jackson ImmunoRes), glandular
keratins K7 (mouse monoclonal, DAKO), K8/18 (mouse
monoclonal, Zytomed), K18 (mouse monoclonal, Sigma),
squamous keratins K10 and K10/13 (mouse monoclonal, both
from DAKO), SMA (rabbit polyclonal, AbCam), vimentin
(mouse monoclonal, DAKO), Ki67 (rabbit monoclonal, Ther-
mo Fisher Scientific Inc), and p63 (mouse monoclonal,
DAKO). The exclusion of the primary antibody from the
immunohistochemical reaction or substitution of primary an-
tibodies with normal IgG (mouse or rabbit) at the same final
concentration as that of primary antibodies resulted in lack of
immunostaining.

Bright-field microscopy

After immunoreactions with primary antibodies, the sections
were treated for 10 min with methanol containing 0.6 % H2O2

to quench endogenous peroxidase. The primary antibodies
were then detected with AmpliStain™ horseradish peroxidase
(HRP) conjugates (SDT GmbH, Baesweiler, Germany) ac-
cording to the manufacturers’ instructions [11], and the HRP
label was visualized using the DAB substrate kit (Vector
Laboratories, Burlingame, CA, USA). When using secondary
antibodies conjugated with alkaline phosphatase (AP), AP
label was visualized with Dako LSAB REAL Detection Sys-
tem (naphthol phosphate/Fast Red, no. K5005, Dako Corpo-
ration, Hamburg, Germany). Finally, the sections were coun-
terstained with hematoxylin. All steps were preceded by rins-
ing with phosphate-buffered saline (PBS) (pH 7.4).

Triple-immunofluorescence staining experiments

Systematic triple-immunostaining experiments [8] were per-
formed for basal (K5 and K14), glandular/luminal (K7, K8/
18), and squamous keratins (K10, K10/13) and for the
myoepithelial marker SMA. For these studies, we used sec-
ondary antibodies (purchased from Dianova and Molecular
Probes) conjugated with Cy3, Alexa Fluor-488, Alexa Fluor-
647, or with biotin [13, 14]. For simultaneous visualization of
primary antibodies raised in the same species and even be-
longing to the same iso-species IgG isotype, such primary
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antibodies were non-covalently labeled in vitro with a reporter
molecule employing monovalent IgG Fc-specific Fab frag-
ments [10]. The reporter molecule was either fluorophore Cy3
or biotin. The latter was visualized using fluorophore-labeled
streptavidin. Nuclei were counterstained with DAPI (5 μg/ml
PBS, 15 s), and sections were mounted with VectaShield
(Vector Laboratories, Burlingame, USA).

We also used archived slides with tissue sections immuno-
stained for bright-field microscopy with antibodies bearing
AP label visualized with Naphthol phosphate/Fast Red
(Fig. 2b). This red chromogen routinely used for visualization
of AP in histopathology is also highly fluorescent when using
the excitation filter system in the red spectrum. After soaking
in xylene for 2–3 days, cover slides were detached, and tissue
sections were then rehydrated in graded ethanols to water.
After rehydration and antigen retrieval, tissue sections were
subjected to immunostaining with one or two additional pri-
mary antibodies using secondary antibodies conjugated with
Alexa Fluor-488 (green channel) and/or Alexa Fluor-647
(deep-red channel). The Fast Red substrate label and hema-
toxylin counterstaining used for bright-field microscopy prep-
arations did not interfere with the following immunostaining
for fluorescent microscopy.

Image acquisition

Immunostained sections were examined using a Zeiss mi-
croscope (Axio Imager Z1). Images were captured and
processed using an AxioCam digital microscope camera
and the software AxioVision image processing (Carl Zeiss
Vision, Germany). The images were imported as JPEG
files into PhotoImpact 3.0 (Ulead Systems, Inc. Torrance,
CA) and submitted with the final revision of the manu-
script at 300 DPI.

AxioVision image processing program permits to present
fluorophores in any artificial color when using the black and
white digital microscope camera. Thus, in some figures, we
can present the red fluorophore Cy3 in yellow color in cases
when the other two labels are visualized with green and red
fluorophores. Far-red fluorescence (Alexa 647) can also be
presented in any artificial color—usually in pink (magenta)
color.

Quantitative RT-PCR (qPCR)

Total RNA was extracted from manually microdissected
formalin-fixed paraffin embedded (FFPE) tumor tissue sec-
tions using the RNeasy FFPE kit (Qiagen, Germany) as de-
scribed [8]. Messenger RNAs (mRNAs) of basal keratins K5,
K14, glandular K7, K8, K18, and epithelial specific squamous
keratin 10 were reverse transcribed and amplified using the
OneStep RT-PCR kit (Qiagen, Germany). RNA expressions
were quantified by real-time fluorescence detection of

amplified complementary DNA (cDNA) (ABI Life Technol-
ogies StepOne® system) usingMGB probes. Gene expression
levels were described as ratios between two absolute measure-
ments (gene of interest/HPRT endogenous reference). All
samples were run in triplicate for all genes. We compared
the differential expression of six keratins (K5/K14/K7/K8/
K18/K10) in tumors and in normal breast parenchyma and
nipple squamous epithelium, respectively.

Cultured cells

Themucoepidermoid carcinoma cell lines UT-MUC1, derived
from an intermediate grade tumor (kindly provided by Dr.
Reidar Grenman, University of Turku, Finland), and NCI-
H292, derived from a low-grade tumor (CRL-1848, ATCC),
were cultured as previously described [5]. Cells were propa-
gated in 25-cm2 flasks and maintained at 37 ° C in 5 % CO2.
Tumor cells were seeded out on eight-well chamber slides
(Nunc) and allowed to attach overnight. On the next day, the
chambers were rinsed briefly with PBS, and the cells were
fixed in methanol for 5 min at room temperature. Slides were
air-dried for 60 min and subsequently subjected to immuno-
staining as described above.

CRTC1-MAML2 fusion gene screening

Total RNA was isolated from the two MEC cell lines UT-
MUC1 and NCI-H292 and from paraffin tissue sections of 14
low/intermediate-gradeMECs as previously described [5, 26].
DNase-treated (DNA-free™; Ambion, Austin, TX) total RNA
was subsequently converted to cDNAusing the SuperScript™
First-Strand Synthesis System according to the manufacturer’s
manual (Invitrogen). The CRTC1-MAML2 fusion transcript
was amplified by PCR using previously published primer sets
[5, 26]. PCR products were gel-purified and sequenced using
an ABI PRISM 310 Genetic Analyzer (Applied Biosystems,
Foster City, CA).

Results

Tumors with constitutive squamous differentiation

Squamous carcinoma

Histologically, all ten tumors consisted of pure squamous car-
cinoma (eight breast, two salivary gland), eight invasive, and
two pure squamous in situ lesions. Immunohistochemically, all
tumors expressed p63 and K5/6 with a range from 70 to 90 %
of tumor cells. The squamous keratins K10 and K10/13 were
observed in all tumors with a range of 10–70% of positive cells
(Tables 1 and 2 and Fig. 1).
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In triple-immunofluorescence studies, three types of cells
were observed (Fig. 2): (1) cells stained only with antibodies
against p63 and basal keratins K5/14, (2) cells positively
stained for p63/K5/14 and squamous keratins K10/13, (3) and
cells which only stained for squamous keratins K10/13. In this
cell lineage, a sequential expression pattern of basal keratins
K5/14, p63 and squamous keratins K10/13 with a gradual
decrease of p63 and K5/K14, and an increase of K10/13 could
be demonstrated, which mirrors the characteristic keratin distri-
bution patterns in normal non-neoplastic squamous epithelium
[62, 63]. In well-differentiated squamous cell carcinoma, a
zonation of p63, K514, and K10/13 could be observed with
p63/K5/14+ cells in the periphery and a transition to K10/13+
squamous cells in central cells similar to normal squamous
epithelium (Fig. 2). In contrast, grade 3 carcinomas usually
displayed a much more chaotic expression of squamous kera-
tins K10/13. Interestingly, one case coexpressed glandular ker-
atins K7 and another case K8/18 with squamous keratins K10/
13 in otherwise typical squamous carcinomas.

The immunohistochemical findings on two cases of ductal
carcinoma in situ (DCIS) showed the same p63, K5/14, and
K10/13 pattern as described for invasive squamous carcinoma
(Fig. 3). A compressed myoepithelial layer was confined to
the outer layer similar to classical DCIS.

Low-grade adenosquamous carcinoma/syringomatous
tumors

Twenty-one cases of low-grade adenosquamous carcinomas/
syringomatous tumors of the breast were part of this and of

another study, which has been published recently [9]. In
addition to glandular differentiation, all these lesions
contained areas of squamous differentiation (Table 3). The
most noticeable finding was the strong immunoreaction
for keratins K5/14 (70–90 %) and for p63 (30–90 %) in
all tumors investigated. The antibodies to squamous
keratins K10 and K10/13 displayed a range of positivity
from 5 to 50 %.

The results of the triple-immunofluorescence experiments
have been described in detail in a recent publication. Suffice it
to say here that the squamous differentiation lineage was again
characterized by a sequential expression of p63, K5/K14, and
K10/K13. A small number of hybrid cells were observed
which coexpressed glandular keratins K7 and/or K8/18 and
squamous keratin K10 (not shown here). As shown previous-
ly, the involvement of myoepithelial cells in both glandular
and squamous differentiations could be clearly ruled out [8].
However, the adjacent stroma of low-grade adenosquamous
carcinoma/syringomatous tumor may contain SMA-positive
myofibroblasts, which, in the vicinity of the tumor cells, may
be misinterpreted as myoepithelial cells [23].

Mucoepidermoid carcinoma

We analyzed 14 cases of low/intermediate-grade muco-
epidermoid carcinomas of the salivary gland origin All these
cases were shown to express the mucoepidermoid carcinoma-
specific CRTC1-MAML2 gene fusion (data not shown). All
cases contained solid and cystic areas with smaller basaloid,
intermediate/large cells with eosinophilic cytoplasm, clear,
onkocytic, and even epidermoid cells. Mucinous cells were
observed in all cases but usually in small numbers. Overtly
squamous differentiation was observed only in one case.

Immunohistochemically, we observed a moderate to strong
but variable reaction for p63, K5/6, and an intensive reaction
for the glandular keratin K7 in most of the tumor cells (Table 4
and Fig. 4). A constant finding was the paucity of K10+, K10/
13+ squamous cells accounting for less than 5 % of all tumor
cells with either individual positive cells or positivity in small
clusters of epidermoid cells. Interestingly, few cases did not
stain with the K10 antibody but showed a clear reaction with
the K10/13 antibody and vice versa. In two of the 14 cases, no
staining was observed with both K10 and K10/13 antibodies.

Table 1 Squamous carcinoma of the breast (n=8)

Cases Percentage
of positive
cells

K5 K7 K8/18 K10 p63 SMA Ki67

Invasive (n=6)
grades 2
and 3

0 5 5 6

5–10 3 2

11–60 1 2

61–90 6 1 1 6 3

DCIS (n=2)
grades 2
and 3

0 2 1 2

5–10 1 2

11–60 2 1

61–90 2 1

Table 2 Squamous carcinoma of
the salivary gland, grades 2 and 3
(n=2)

Percentage of
positive cells

K5
(n=2)

K7
(n=2)

K8/18
(n=2)

K10
(n=2)

p63
(n=2)

SMA
(n=2)

Ki67
(n=2)

0 2 2 2

5–10 1 1

11–60 1 1

61–90 2 2
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Triple-immunofluorescence experiments, performed on ten
tumors, revealed that the bulk of tumor cells coexpressed p63,

K5, and/or K7 (Fig. 5). This staining pattern was observed in
both basaloid and intermediate cells. Larger “epidermoid

Fig. 1 Invasive squamous
carcinoma, grade 3. H/E staining
and immunostainings for p63,
K5, and K10. Note intensive
staining for p63 and basal keratin
K5. Patchy positive staining for
keratin K10 indicates squamous
differentiation. Nuclei
counterstained with Ehrlich
hematoxylin. Scale bar=200 μm
for the entire layout

Fig. 2 Squamous carcinoma of
the breast. a Invasive squamous
carcinoma, grade 2. H/E stain and
triple immunofluorescence for
p63 (yellow), K5 (green), and
K10 (red) showing that p63/K5+
cells (tailed arrows) differentiate
through intermediary cells
(arrows) to squamous cells
(asterisks). b Invasive squamous
carcinoma, grade 3. Triple
immunofluorescence for p63
(red), K5 (green), and squamous
keratin K10 (pink). Nearly all
tumor cells express high levels of
K5 and p63. Squamous
differentiation is observed
showing increasing K10 staining
through intermediary cells
expressing p63. K5 and K10
(arrows) to K10+ squamous cells
(asterisk)
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cells” often expressed only K7, indicating glandular cell dif-
ferentiation. The single cells or small clusters of cells positive
for squamous keratins K10/13 usually coexpressed p63 and
K5. Furthermore, p63/K5/14+ only cells are observed in all
tumors.

Using triple-immunofluorescence experiments, we also an-
alyzed cells in two CRTC1-MAML2 fusion-positive
mucoepidermoid carcinoma cell lines. In both cell lines, we
observed glandular and squamous differentiation (Fig. 5c). In

contrast to the primary tumors, many tumor cells of both cell
cultures, however, showed a progenitor cell phenotype ex-
pressing K5.

Tumors with occasional squamous differentiation

Areas of squamous differentiation in the form of relatively
well-demarcated foci of cells with ample eosinophilic cyto-
plasm were occasionally seen in a number of benign or

Fig. 3 Ductal carcinoma in situ,
squamous type, grade 3. H/E
staining and immunostainings for
p63, K5, SMA, and K10. The
tumor cells display the same
staining pattern as invasive
squamous carcinoma with a
chaotic K10 staining for
differentiating squamous cells.
The compressed myoepithelial
cells express smooth muscle
actin. Nuclei counterstained with
Ehrlich hematoxylin

Table 3 Low-grade adenosquamous carcinoma/syringomatous tumor of the salivary gland (n=21)

Percentage of positive cells K5 (n=21) K7 (n=3) K8/18 (n=21) K10 (n=21) p63 (n=21) SMA (n=21) Ki67 (n=18)

0 1 14

5–10 11 8 1 15

11–60 4 9 12 10 5 3

61–90 21 1 11 1
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malignant neoplasms of breast and salivary glands. Here, we
have analyzed two cases of papillomas, two cases of
fibroadenoma/phyllodes tumor, four pleomorphic adenomas
(one breast, three salivary gland), three epithelial-
myoepithelial tumors (breast), and three carcinomas (breast)
with such squamous differentiation. In all these lesions, we
found histologically focal area(s) and in one case of phyllodes
tumor, even widespread squamous differentiation.
Immunohistochemically, the lesions displayed the well-

known staining patterns in regard to p63, K5, K8/18, and
SMA known from the literature. Thus, the two papillomas
and the fibroadenoma showed P63, K5, and SMA positivity in
the myoepithelial layer and K8/18 positivity in the luminal
layer with occasional coexpression of K5 in the latter cells.
Furthermore, pleomorphic adenomas and epithelial-
myoepithelial tumors contained p63+/K5+ cells that differen-
tiate toward glandular and/or myoepithelial cell lineages as
has been published recently [7, 8]. The three carcinomas (two

Fig. 4 Mucoepidermoid
carcinoma, low grade. PAS stain
and immunostaining for p63, K5,
K7, and K10. Note the intensive
staining for K7. Nuclei
counterstained with Ehrlich
hematoxylin

Table 4 Mucoepidermoid carcinoma of the salivary gland, low and intermediate grade (n=14)

Percentage of positive cells K5 (n=14) K7 (n=14) K8/18 (n=13) K10 (n=13) p63 (n=14) SMA (n=14) Ki67 (n=14)

0 3 2 14

5–10 1 1 7 9 14

11–60 11 1 2 2 11

61–90 2 12 1 3
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medullary and one NST, grade 3) showed positivity for p63,
K5, and K8/18 but were negative for SMA. Although these
tumors showed considerable heterogeneity in its cellular com-
ponents in isTIF stainings, the common denominator of all
these 14 lesions is the presence of p63+ and K5+ cells that
lacked any of the lineage markers such as glandular (K7; K8/
18) and myoepithelial markers (e.g., SMA and calponin).
Furthermore, in regard to squamous differentiation transition
from p63/K5+ cells to K10+ squamous cells with a zonation

similar to normal squamous epithelium or with a more chaotic
pattern of single or small groups of K10+, K10/13+ cells were
observed (Fig. 6).

Squamous metaplasia in non-neoplastic tissue

Squamous metaplasia is a rare event in normal breast and
salivary gland tissues alone or in conjunction with inflamma-
tory processes. Here, we analyzed one case with squamous

Fig. 5 Mucoepidermoid
carcinoma of the salivary gland. a
H/E stain of typical
mucoepidermoid carcinoma with
solid and microcystic growth
pattern with occasional mucinous
cells and triple
immunofluorescence for p63
(yellow), K5 (pink), and K7
(green) showing small clusters of
p63/K5-positive cells (asterisk).
Few cells express only K5
(arrow); some cells express either
K5 and the glandular keratin K7
(crossed arrow) or only K7
(hollow arrow). Note that this
staining pattern mimics normal
glandular differentiation in
excretory ducts of the salivary
glands. b Another area of the
same tumor. Triple
immunofluorescence for p63
(yellow), K5 (pink), and K10
(green). Many cells in this picture
express p63 and K5. Note that the
few cells with K10+ squamous
differentiation usually co-express
K5 and p63 (arrows). c Cell
culture of a mucoepidermoid
carcinoma of the salivary gland.
Triple immunofluorescence for
K5 (pink), K7 (green), and K10
(red). A number of tumor cells
express only K5 (arrows). K5-
positive cells differentiate toward
glandular cells expressing K7
(crossed arrows), and only few
cells also differentiate to
squamous cells (asterisks)
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metaplasia of lactiferous duct, two cases with displacement of
breast epithelium after needle biopsy with squamous metapla-
sia, and four cases of sialometaplasia of the salivary glands.
Three cases of sialometaplasia displayed only p63+ and K5/
14+ cells. In one case of sialometaplasia and in all cases of
squamous metaplasia in normal breast tissue p63/K5/14+,
cells were observed which transformed from p63+, K5/14+,
and K10/13+ cells to only K10/13+ squamous cells.

Identification of p63/K5/14 cells in normal breast and salivary
duct epithelium

In order to understand the cellular relationship of these lesions
to normal epithelium, we applied triple-immunofluorescence
experiments on normal salivary and breast duct epithelium.
p63/K5+ progenitor cells were observed in small clusters of a
few cells basally located in salivary duct epithelium and at the

interface between the myoepithelial and luminal layers of
breast duct epithelium (Fig. 7).

qPCR Analyses

The expressions of basal keratins K5 and K14, luminal kera-
tins K8 and K18, and epidermal/squamous specific keratin
K10 were studied by qPCR in 19 tumors with squamous
differentiation (Fig. 8). As shown in this figure, we found
similar levels of up-regulated mRNA of basal keratins in all
tumors, whereas the K10 mRNA levels of mucoepidermoid
carcinomas were found to be low corroborating the immuno-
histochemical observations of only single or few K10-positive
cells in these lesions. Interestingly, the mRNA levels of lumi-
nal keratins K8 and K18 displayed a great variability with the
highest levels observed in mucoepidermoid carcinomas. The
mRNA expression data corroborated the immunohistochemi-
cal findings implying that these tumors represent basal-type
tumors with squamous differentiation.

Discussion

The histogenesis of squamous differentiation of breast and
salivary gland tumors is far from being understood. In this
study, we therefore analyzed the differential expression of
different keratin subtypes [39, 62–65], p63 (a p53 homologue)
[19, 68, 72], and SMA [16, 22, 25, 31, 38, 40, 53, 57, 66, 71,
75, 81, 84] to get a deeper insight into the cellular pathways of
squamous differentiation in 60 tumors of breast and/or sali-
vary glands and in 7 non-neoplastic squamous metaplasia of
both glands. We used triple-immunofluorescence staining ex-
periments for molecular mapping at the resolution of single
cells and qPCR analyses of tissue sections for specifically
identifying the phenotypic signature of the constituent cells.
We demonstrated (1) that all non-neoplastic and neoplastic
lesions with squamous/epidermoid differentiation contain pro-
genitor cells expressing only the basal keratin K5 and p63 [4,
68, 84], but lacking lineage markers, and (2) that the squa-
mous lineage revealed by triple-immunofluorescence staining
can be arrayed in a succession of various cell types starting
from p63/K5+ progenitor cells and, with increasing matura-
tion, showing a transition to K10+ and/or K10/13+ state via an
intermediary state of p63+, K5+, K10+, and/or K10/13+ cells.
Therefore, non-neoplastic squamous metaplasia and squa-
mous differentiation in these tumors recapitulate the tightly
regulated differentiation-specific expression pattern of p63
and keratins in normal squamous epithelium [19, 63, 87, 97,
100] and in squamous carcinomas of other sites [62–64]. This
interpretation contradicts the most held current viewpoint
which, based on the p63 expression in both myoepithelial
and squamous cells, explains the origin of squamous

Fig. 6 Squamous metaplasia in infarcted papilloma. a H/E staining. b
Triple immunofluorescence for p63 (yellow), K5 (green), and smooth
muscle actin (pink). Note that the cells with squamous differentiation lack
any SMA staining. Insert: double immunofluorescence for p63 (red) and
K10 (green). Note the focal expression of squamous keratin K10 (green)
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epithelium from myoepithelial cells [21, 28, 29]. In contrast,
we regard the occurrence of myoepithelial and squamous and
other elements in some of tumors with multilineage differen-
tiation to represent the differentiative progeny capability state
of p63/K5+ progenitor cells within this cell model. We fur-
thermore hypothesize that the squamous and glandular differ-
entiation potential [79, 98] may reflect the physiological dif-
ferentiation potential of the ontogenetic ectodermal rudiment
where breast and salivary glands are derived from. How these
data modify the way, in which squamous metaplasia and
tumors with squamous differentiation of breast and salivary
glands can be thought or modeled, is shown in the schematic
diagram in Fig. 9.

Each classification system of tumors draws its life from
analogies to normal tissues. The data shown here provided
several important insights and raise critical questions relevant
to understanding and exploiting progenitor cell function of
p63/K5+ cel ls . Recognizing that in s i tu t r iple-
immunofluorescence experiments provide a simple method
for specifically identifying and tracing such cells and their
progeny in tissue sections, the authors took advantage to
determine the anatomical location of cells of identical pheno-
type in normal breast and salivary gland tissues. We have

found physiological progenitors with an identical p63/K5+
immunophenotype, similar to non-neoplastic squamous meta-
plasia and in tumors with squamous differentiations, residing
at the interface of myoepithelial and luminal cells of breast
ducts [8], and furthermore, identical cells were observed in a
basal position of excretory and striated ducts of the salivary
glands [20, 44].

However, the question arises, do p63+ and K5+ tumor
progenitor cells originate from normal cells of the same phe-
notype or can tumor cells acquire this phenotype due to the
mutagenic events? Our results provided by this observational
study are clearly not sufficient to prove a p63/K5+ cell of
origin for these tumors. However, our findings raise the inter-
esting possibility that these physiological counterparts or a
subpopulation of these cells may play a role in the develop-
ment of squamous metaplasia and tumors with squamous
differentiation. This interpretation is in agreement with data
that p63 positivity is found in reserve cells of the human
endometrium and cervical epithelium and its metaplastic
(squamous or mucinous) epithelia, either alone or in conjunc-
tion with hyperplasias or carcinomas [60, 69, 70, 76, 78]. And
finally, in the authors’ experience, squamous differentiations
in adnexal tumors of the skin [47, 54] may be further examples

Fig. 7 Excretory duct of the salivary gland and normal nipple duct. a–c
Excretory duct of the salivary gland. Triple immunofluorescence for p63
(red), K5 (yellow), and K7 (green) showing p63/K5+ cells at the base of
the duct epithelium with formation of three more prominent clusters
(asterisks). Some cells of these clusters are more tethered to the luminally
located epithelium showing a decrease in p63 and finally leading to K5+
only cells (arrow). In K5+ cells, increasing staining of K7 is seen (crossed
arrows). Finally, K7+ only glandular cells are observed which form the
bulk of the duct epithelium. From these findings, we conclude that p63/

K5+ cells function as glandular progenitors in excretory ducts. d–f Large
segmental duct. Triple immunofluorescence for p63 (red), K5 (green),
and SMA (pink). Note that p63 is expressedmainly in K5-positive basally
located cells, most of which also co-express SMA (hollow arrows). Thus,
these cells have to be interpreted as myoepithelial cells. Notice the
occasional cells at the interface between myoepithelial and luminal layer
which co-express p63 and K5 (asterisks). These cells do not express
SMA and do not express K8/18 (not shown here). Interestingly, the more
luminally situated cells express only K5 (arrows)
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of the same theme. These findings are also in line with
observations on squamous epithelium of the esophagus, squa-
mous metaplasia in the tracheobronchial tree, and low-grade
squamous carcinoma showing K5 and p63 colocalization in
less-differentiated cells, whereas more differentiated regions
do not express K5 and p63 [19, 68, 85].

However, despite the idea of phenotypically defined p63/
K5+ progenitors with their specific differentiation capacities
in both normal tissues and their matching tumors, several
questions arise. Specifically, all tumors analyzed are assumed
to be characterized by a proportion of p63/K5/14+ precursors.
However, some lesions (low-grade mucoepidermoid

Fig. 8 mRNA expression patterns for basal keratins K5 and K14, glan-
dular keratins K8 and K18, and squamous keratin K10 in carcinomaswith
squamous differentiation. Note the high expression levels of basal kera-
tins K5 and/or K14 in all carcinomas with squamous differentiation
compared to normal breast tissue (zero line). Likewise, the K10 mRNA
level of MECs is low to intermediate compared to squamous carcinoma.

The glandular keratins K8 and K18 display variable levels in low-grade
adenosquamous carcinomas/syringomatous tumors, but usually high
mRNA levels in low-grade mucoepidermoid carcinoma. One case of
squamous cell carcinoma showed down-regulation of both luminal ker-
atins K8 and K18, whereas the other case, displayed up-regulated K18
mRNA level

Virchows Arch (2015) 466:21–36 31



carcinoma, adenoid cystic carcinoma) contained only few
progenitors or small groups of cells expressing only p63 and
K5/14, whereas p63/K5/14+ progenitors were easily found in
other lesions (e.g., squamous carcinoma, low-grade
adenosquamous carcinoma/syringomatous tumor pleomor-
phic adenoma, and non-neoplastic squamous metaplasia).
Furthermore, K10/13+ squamous differentiation varies tre-
mendously, and K10/13+ squamous differentiation is only a

minor component or even lacking in some tumors (for exam-
ple in mucoepidermoid carcinoma). Vice versa, glandular
differentiation is the main component in low-grade
mucoepidermoid carcinoma but usually a minor component
in low-grade adenosquamous carcinoma/syringomatous tu-
mor. Interestingly, studies of two CRTC1-MAML2 fusion-
positive low/intermediate-grade mucoepidermoid carcinoma
cell lines showed the majority of cultured tumor cells

Fig. 9 Models of progenitor relationships. In normal breast duct epithe-
lium (and in salivary gland duct, not shown here), p63+/K5+ progenitors
give rise to early glandular cells (K5+), then mature to intermediary
glandular cells (K5+/K7+/K8/18+), and finally to glandular cells (K7+/
K8/18+). During glandular differentiation, expression of p63 is down-
regulated in normal duct epithelium. Likewise, in normal nipple squa-
mous epithelium, immunophenotypically identical p63+/K5+ bipotent
progenitors give rise to smooth muscle actin-positive myoepithelial cells
and further to p63+/K5+/K10+ cells, which then mature to K7+ and/
orK8/18+ glandular cells. The similarity in immunophenotypical appear-
ance of the progenitors in these epithelia and the fact that they differen-
tiate in either glandular or myoepithelial cell fates suggest robust lineage
commitments in each site. All three tumors (squamous carcinoma, low-
grade adenosquamous carcinoma/syringomatous tumor, and

mucoepidermoid carcinoma) and squamous metaplasia contain p63+/
K5+ progenitors, which differentiate to squamous (K10+) and glandular
(K7+/K8/18+) cells through intermediary stages. It should be noted that
the glandular differentiation in most tumors starts with down-regulation
of p63 similar to the normal duct epithelium. The squamous lineage
differentiation of all tumor types is a mirror of normal squamous epithe-
lium of the ectoderm in which the organs arise. It is characterized by a
sequential expression of p63 and K5, on one hand, and K10, on the other
hand. Both p63 and basal keratin K5 may finally be down-regulated,
whereas K10 is up-regulated. We assume that different cell lineages may
arise via reprogramming of the target physiological progenitors during
malignant transformation. Thickness of arrows here corresponds to the
amount of differentiation found in these tumors

32 Virchows Arch (2015) 466:21–36



displaying the classical p63+/K5/14+ progenitor phenotype.
Thus, we conclude from our findings as indicating that low-
grade mucoepidermoid carcinomas contain tumor cells with a
progenitor cell phenotype as evidenced by the expression of
p63 both in primary tumors [33] and in mucoepidermoid
carcinoma-derived cell lines. Further molecular studies of
these tumors are expected to give insights into the complex
processes of cellular differentiation and the molecular patho-
genesis of these interesting lesions.

Recent microarray-based gene expression profiling and/or
immunohistochemical studies [18, 39, 49, 50, 56, 64, 67, 73,
74, 92, 93, 101] have led to a paradigm shift in understanding
breast and salivary gland tumors, with a particular focus on
basal-like tumors [3, 45, 80, 82, 96, 99] According to this
concept, look-alike tumors with overt myoepithelial differen-
tiation, tumors such as secretory carcinomas and carcinomas
with squamous differentiation, preferentially pertain to the
basal-like subgroup and have been shown to express basal
keratins (K5, K14, and K17) and p63 in most, if not all, cases
[1, 2, 15, 24, 32–34, 50, 52, 59, 82] Of interest, in benign
lesions with squamous differentiation and also of non-
neoplastic squamous metaplasias, the cellular components
regarding squamous differentiation are identical to the carci-
nomas tested. More important, many tumors of this group are
characterized by the presence of p63/K5+ progenitors which
show the ability to enter into different phenotypic states asso-
ciated with alternate lineage differentiations. This character-
izes the p63/K5+ progenitor in regard to differentiation capac-
ity as a highly versatile cell. These data are in contrast to the
recent findings of basal-like breast cancers arising in women
carrying mutations in the BRCA1 gene. Thus, Lim et al.
(2009) observed that these tumors were more similar to nor-
mal luminal progenitor cells (p63-negative; but K5- and K8/
18-positive) [55]. Identification of these different subtypes of
basal-like tumors is thought to be relevant from a biological
point of view and may provide a conceptual framework to
understand the complexity and heterogeneity of these lesions.

In summary, our findings demonstrate that cells of non-
neoplastic squamous metaplasia and of carcinomas with con-
stitutively or occasionally found squamous/epidermoid differ-
entiation undergo a transition from its original p63/K5/14+
precursor state to a new K10/13+ squamous lineage state,
which can be demonstrated by in situ triple immunofluores-
cence labeling and mRNA expression studies. Given the
phenotypic similarity of p63/K5/14+ tumor cells to their
physiological counterparts in the normal breast and salivary
duct epithelium and considering the fact that these cells in a
number of epithelial tissues give rise to different progeny with
specific differentiation lineages, we suggest that the p63/K5+
progenitor cell type and its differentiation potential provide an
important ontogenetic key to a better understanding of the
pathogenesis of these lesions which are proposed to constitute
a special type of basal-like tumors.
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