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SUMMARY: Breast biology and pathology are currently shaped by the two-cell concept that recognizes only glandular and
myoepithelial cells. In the present study, we have visualized a previously unidentified cell population within the epithelial
compartment of the breast, which displays the phenotypic characteristics of a committed stem cell. Immunofluorescence double
labeling with digital image processing and Western blotting were applied to normal breast tissue as well as to noninvasive and
invasive breast cancers using antibodies to basal cytokeratin 5 (Ck5), glandular cytokeratins 8/18 (Ck8/18/19), and smooth
muscle �-actin (SMA) as markers for myoepithelial cells (SMA). A distinct population of cells was identified that expressed Ck5
in the absence of Ck8/18/19 or SMA. These cells differentiate toward glandular epithelial or myoepithelial Ck5-negative end cells
passing through either Ck5/Ck8/18/19 or Ck5/SMA-positive intermediates. Our experiments clearly demonstrate a precursor or
committed stem cell function of the Ck5-positive cell that is responsible for regeneration of the human adult breast epithelium.
However, the observation that the vast majority of breast cancers display the glandular epithelial immunophenotype strongly
suggests that the neoplastic cells derive from a late stage of the glandular epithelial differentiation pathway. The significance of
this new cell biological model is that it might serve as a tool to unravel the regulatory mechanisms that govern regeneration and
abnormal proliferation of breast epithelium at the cellular level. (Lab Invest 2002, 82:737–745).

T he current system in the “descriptive set theory”
distinguishes two principal differentiated cell

types within the human mammary gland epithelium:
the inner glandular and the outer myoepithelial cells,
which are characterized by expression of glandular
cytokeratins (Ck) 8/18/19 or smooth muscle actin
(SMA), respectively (Taylor-Papadimitriou et al, 1991).
The question of whether stem cells exist in the human
breast has never been satisfactorily resolved, although
immunohistochemical and cell proliferation analyses
(Dulbecco et al, 1986; Joshi et al, 1986; Purkis et al,
1990; Taylor-Papadimitriou et al, 1991), developmen-

tal (Sonnenberg et al, 1986), single breast cell trans-
plantation (Kordon and Smith, 1998), and recent mo-
lecular studies (Lakhani and O’Hare, 2001; O’Connell
et al, 1994) gave indirect evidence of the existence of
stem cells in murine and human breast tissue.
Using a double-fluorescence method with antibod-

ies specific for Ck5/6, Ck8/18/19/19, and SMA, as well
as Western blotting techniques, we studied the rela-
tionship between Ck5-positive cells and Ck8/18/19-
positive glandular epithelial as well as SMA-
expressing myoepithelial cells in normal human breast
tissue and in breast cancer. Our results indicate that
Ck5-positive cells represent progenitor cells, ie, com-
mitted stem cells, for both the glandular and myoep-
ithelial lineages of mammary epithelium. Except in
some rare cases, breast cancer shows a purely glan-
dular phenotype. The direct visualization of cellular
subpopulations, in connection with molecular studies,
will aid dissecting the hierarchies of cell types and
their interplay in normal breast tissue and proliferative
breast disease and, thus, may help in designing new
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therapeutic concepts targeting cancer precursors at
distinct levels of differentiation.

Results

Double Immunofluorescence Staining Experiments:
Normal Nonlactating and Lactating Breast Tissue

CK5-positive cells differentiate to glandular epithe-
lial and myoepithelial cells via intermediary cells. Dou-
ble staining of eight normal breast tissues with anti-
bodies against either Ck5 and Ck8/18/19 or SMA
displayed variable, but usually small, proportions of
cells characterized by exclusive expression of Ck5.
These exclusively Ck5-positive cells, accounting for
less than 5% of the whole cell population, were
individually dispersed largely throughout the inner
layer of the ductal system. In normal breast lobules,
their distribution was irregular.

Cells expressing only Ck8/18/19 or SMA, correspond-
ing to fully differentiated glandular and myoepithelial
cells, respectively, were more numerous. Notably, inter-
mediary or transitory cells with coexpression of either
Ck5 and Ck8/18/19 or Ck5 and SMA were most abun-
dant in the ductal system and, again, irregularly distrib-
uted in the lobular system (Fig. 1). Such intermediary
glandular cells (Ck5�; Ck8/18/19�) were found in the
inner cell layer, and intermediary myoepithelial cells
(Ck5�, SMA�) in the outer layer, thus indicating transi-
tions of Ck5-positive cells to either differentiated glan-
dular or myoepithelial cells.

In lactating mammary gland tissue, however, lumi-
nal cells of lobules showed virtually exclusive immu-
nostaining for Ck8/18/19, whereas Ck5-positive lumi-
nal cells and transitional glandular cells (Ck5�; Ck8/
18/19�) were absent. In contrast, interlobular and
terminal ducts of the lactating gland revealed the
same Ck5� and Ck8/18/19� staining pattern as seen
in the nonlactating gland (Figs. 1 and 2).

Double Immunofluorescence Staining Experiments:
Noninvasive and Invasive Breast Cancer

Breast cancer cells usually display a glandular epi-
thelial phenotype. Sixteen out of 17 invasive breast
cancers (IBCs) (eight invasive ductal of different
grades; three tubular, all grade 1; two mucinous,
grade 1; four lobular, classical type, grades 1 and 2)
displayed the same characteristic Ck8/18/19� and
Ck5-immunoprofile of the tumor cells. The same pat-
tern was observed in 15 cases of ductal carcinoma in
situ (DCIS) of varying grades (n � 4, low nuclear grade;
n � 6, intermediate nuclear grade; and 5 of 6, high
nuclear grade) and in three lobular neoplasias. All of
these lesions displayed exclusive Ck8/18/19 expres-
sion in the neoplastic cell population (Fig. 3). Thus,
transitions from Ck5� progenitor cells to Ck8/18/19�
glandular cells were absent. Double staining for Ck5
and SMA showed a mixture of intermediary myoepithe-
lial (Ck5�, SMA�) and myoepithelial end cells
(SMA�;Ck5�) with only occasional Ck5� and SMA�
cells in the outer cell layer, thus indicating a normal basal
layer. Tumor cells coexpressing Ck5 and Ck8/18/19

were found in only two of the 38 cases of breast cancer,
one representing a DCIS of high nuclear grade, the other
one a grade 3 invasive ductal carcinoma (not shown).

Western Blotting Experiments

To corroborate the double-labeling immunofluores-
cence data, breast tissue samples were subjected to
Western blotting analysis. For electrophoretic separa-
tion of polypeptides, the lesions were microdissected.
Using mAbs against Ck5 and Ck8, distinct signals
were observed in normal breast tissue, such as a 58
kDa-band corresponding to the basal keratin Ck5 (Fig.
4, lane 3) and a similar signal on a 52.5 kDa band
corresponding to the glandular keratin Ck8. In DCIS, a
strong signal was only detected at the Ck8 band,
whereas a Ck5-specifc band was visible as a faint
signal, most probably corresponding to the non-
neoplastic basal layer (Fig. 4, lane 4). Western blotting
using monoclonal mAb Ck5/6 and mAb Ck8 revealed
the expected results in control cells with established
keratin composition, ie, presence of Ck5 and of Ck8 in
A-431 cells and the presence of Ck8 in A-549 cells
(Fig. 4, lanes 1 and 2). The data provide biochemical
proof of the specificity of the Ck5 antibody, thus
corroborating the immunofluorescence data.

Discussion

Using double immunolabeling with digital image pro-
cessing for simultaneous demonstration of the basal
Ck5 and the lineage-specific differentiation markers
Ck8/18/19 and SMA, we provided morphologic evi-
dence for the presence of a solely Ck5-positive cell
population fulfilling the morphologic requirements to
be addressed as a committed stem cell for the epi-
thelial compartment of normal breast tissue. We also
provided morphologic proof of the capacity of Ck5�
cells to differentiate to glandular (Ck8/18/19�) or to
myoepithelial cells (SMA�), respectively (see Fig. 5),
through intermediary cells. Over the course of the
lineage-specific differentiation process there is a grad-
ual decrease of Ck5 along with an increase in either
Ck8/18/19 in the glandular or in SMA in the myoepi-
thelial cell lineages. Terminally differentiated end cells
were characterized by expression of either Ck8/18/19
or SMA alone. Our data indicate that commitment to
either one of the lineages involves suppression of the
alternative lineage choice. We were not able to con-
firm recent in vitro observations regarding a pheno-
typic plasticity of “luminal” epithelial cells with trans-
differentiation to myoepithelial ones (Pechoux et al,
1999; Peterson et al, 2001).

When microdissected and subjected to Western
blotting analysis, normal breast tissue displayed ex-
pression of both Ck5 and Ck18. In the present study,
a monoclonal antibody described as specific for both
Ck5 and Ck6 was used whose specificity in breast
tissue for Ck5, but not Ck6, was established by
Western blotting, thus further sustaining our concept
in biochemical terms. The data are in accordance with
previous results obtained by two-dimensional gel
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electrophoresis, which showed that the keratin pattern
of normal breast tissue comprises Ck7, Ck8, Ck18,
and Ck19 in addition to Ck5, Ck14, Ck15, and Ck17,
but not Ck6 (Moll, 1998). We, therefore, assume that
Ck5 is the predominant type II keratin of progenitor
cells that is detected by the Ck5/6 mAb used. In view
of the results obtained, we conclude that Ck14 and

Ck17 represent the major type I partners of Ck5
(Cooper et al, 1985; Nagle et al, 1986). Also, recently
published gene expression data in normal breast
tissue and in breast cancer show gene-expression
patterns to be characteristic of “basal” and “luminal”
phenotypes (Perou et al, 2000). The correspondences
between these gene expression data and our immu-

Figure 1.
Digital image processing fluorescence double immunolabeling enables the simultaneous detection of two different antigens in the same cell and gives evidence that
progenitor cells of the breast give rise to both glandular and myoepithelial cells. a, Double immunolabeling of two acinar structures of a lobule for Ck5/6 (green signal
for FITC) and Ck8/18/19 (red signal for Cy3) displaying Ck5/6� progenitor cells (arrow), intermediary cells (asterisk), and Ck8/18/19� glandular cells (red signal).
b, The left part of figure 1a with a 57-pixel shift of the red component to the right, revealing a coincidence of the green and red signal in the intermediary glandular
cell marked with an asterisk. c, Double immunolabeling for Ck5/6 (red signal) and smooth muscle actin (SMA) (green signal). The arrow marks a progenitor cell
expressing Ck5/6 alone. Intermediary myoepithelial cells expressing both Ck5/6 and SMA are marked with an asterisk. The differentiated myoepithelial end cell is
indicated by a hollow arrow. Panels d, e, and f display single cells of the composite image in panel c with a 31-pixel shift of the red signal upward. Note that only
the intermediary cell in panel e expresses both Ck5/6 and SMA. g, Double immunolabeling for SMA (green) and Ck8/18/19 (red) clearly shows a glandular and
myoepithelial cell lineage. Note the absence of any transitional cells, indicating that there is no transdifferentiation between those two lineages.
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nofluorescence findings are also strong evidence for
our stem cell concept. Based on our immunofluores-
cence and biochemical data, we propose the concept
as it is depicted in Figure 5. Thus, normal breast tissue
is assumed to consist of the following five distinct cell
populations (Fig. 5): (1) committed stem (progenitor)
cells (Ck5�), (2) glandular precursor cells (Ck5�/Ck

8/18/19�), (3) glandular end cells (Ck8/18/19�), (4)
myoepithelial precursor cells (Ck 5/6�/SMA�), and (5)
myoepithelial end cells (SMA�).

The hypothesis of a stem cell function of the Ck5-
positive cells and hierarchical organization of the dif-
ferentiation process is further supported by the com-
partmentalization of the epithelial structures into a

Figure 2.
Lactating mammary gland. Hematoxylin-eosin stained section (a), HRP-immunohistochemical labeling of K5 (b), and double immunolabeling of paraffin-embedded
tissues, stained with AB to keratin subgroups Ck5 (green) and Ck8/18/19 (red) (c), and Ck5 (red) and SMA (green) (d). a, Small interlobular duct (ID) and a part of
a lactating lobule (L). b, HRP-immunohistochemical labeling of Ck5 of an interlobular duct (ID) and adjacent lactating lobule (L) reveals a heterogeneous staining
pattern. Note the negative reaction of the glandular epithelium of the acini. Some basal cells of acini are weakly stained (arrowheads). c, Double labeling for K5 and
K8/18 of an interlobular duct (ID) and of a lactating lobule (L). The lactating lobule contains fully differentiated lactating cells, expressing Ck8/18/19 alone (red). Only
the intralobular terminal duct contains Ck5� luminal cells (green) and some Ck5�, Ck8/18/19� intermediary cells (hybrid yellow color). At low magnification the
attenuated basal (myoepithelial) cells can hardly be seen. The myoepithelial cell layer of the interlobular duct also stains for Ck5 (arrowheads). d, Double labeling for
Ck5 and SMA of lactating acini. Notice that luminal cells are not stained. The outer layer contains Ck5�/SMA� intermediary myoepithelial cells (hybrid yellow color)
and SMA� differentiated myoepithelial end cells (green signal).
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functional and proliferative zone in the lactating mam-
mary gland. Under those conditions, the lobules har-
bor only Ck8/18/19-positive terminally differentiated
lactating end cells, whereas the terminal ducts remain
an important proliferative zone characterized by the
presence of committed stem and glandular precursor
cells. This compartmentalization seems to be a pre-
requisite of postlactational involution. The cellular
mechanisms of this process are currently not under-
stood (Anderson et al, 1982). In any case, it is thought
that all of the lactating cells ultimately undergo apo-
ptosis and, therefore, have to be replaced. We believe

that a subset of progenitor and/or glandular precursor
cells located in the terminal ducts may be instrumental
for the repopulation of the lobular compartments and
may thus contribute to the remodeling process re-
ferred to as postlactational involution.

An important implication of our study is that there
are different types of breast cancer, which can be
distinguished by their cytokeratin expression patterns.
The large majority of cases (� 95%) show a purely
glandular phenotype (Ck5�/Ck8/18/19�) with only a
small proportion displaying a glandular precursor phe-
notype (Ck5�/Ck8/18/19�). Carcinomas with a pure

Figure 3.
Ductal carcinoma in situ is a glandularly derived lesion. a, Double immunolabeling for Ck5/6 (green signal) and Ck8/18/19 (red signal) showing that the tumor cells
only express Ck8/18/19. b, Double immunolabeling for Ck5/6 (red signal) and SMA (green signal). The outer cell layer consists of normal myoepithelial cell lineage.
Note only occasional progenitor cells (red signal), many intermediary cells (hybrid signal), and some differentiated myoepithelial cells (green signal). The neoplastic
cells do not express Ck5/6. c, Double immunolabeling for SMA (green signal) and Ck8/18/19 (red signal).
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stem cell phenotype (Ck5�/Ck8/18/19�/SMA�) and
malignancies of myoepithelial type are exceptionally
rare (Lakhani and O’Hare, 2001). This data is in good
agreement with cell culture studies showing Ck5
mRNA and protein to be expressed in normal mam-
mary epithelial cells and to be absent from tumor-
derived cell lines (Trask et al, 1990). Furthermore,
many breast cancers are oestrogen receptor-positive,
as are the Ck8/18/19� glandular cells. (Allred and
Mohsin, 2001; Clarke et al, 1997; Elston and Ellis,
1989; Kelsey et al, 1993; Shoker et al, 2000; Willett et
al, 2001).

In conclusion, we present direct evidence that Ck5-
positive cells display stem cell properties and are
capable of forming glandular epithelial and myoepithe-
lial end cells. This cell model opens a new field in
which distinct cell subtypes are being evaluated to
generate lineage-specific end cells. We have begun to
draw possible functional links between the different
subsets of cells in terms of receptor expression pro-
files. If we were to understand the regulatory mecha-
nisms that govern the growth and differentiation (Siz-
iopikou and Schnitt, 2000), or even elimination of
“superfluous cells,” as it occurs during the normal
menstrual cycle and after weaning, we might be able
to design strategies of chemoprevention to eradicate

early transformed cells (Dooley et al, 2001) or even
cells of noninvasive breast cancer.

Materials and Methods

Tissues

Mammary tissue biopsy materials were obtained from 36
women (aged 32 to 71 years, median 55 years). The
procedure for the use of human tissue from surgical
pathology was approved by the institutional review
board and performed in accordance with the ethical
standards of the regional committee on human studies.

The lesions were diagnosed on routinely hematoxylin-
and eosin-stained sections and diagnosed indepen-
dently by three pathologists according to current classi-
fication schemes (Elston and Ellis, 1989; Holland et al,
1994; Page and Anderson, 1987; Silverstein et al, 1995;
Sloane, 2001). Eight samples obtained from seven pa-
tients consisted of normal breast tissue (five premeno-
pausal and two postmenopausal), 10 samples of DCIS,
17 of IBC of different subtypes with seven associated
DCIS (total of 17 DCIS: five low nuclear grade, five
intermediate nuclear grade, and seven high nuclear
grade), and three lobular carcinoma in situ.

Antibodies and Immunohistochemical Staining

For antigen retrieval, dewaxed and rehydrated sec-
tions cut from routine paraffin blocks after formalde-
hyde fixation were autoclaved in citrate buffer, pH 6.0,
at 120° C for 10 minutes for antigen retrieval. There-
after, sections were rinsed with Tris-HCl buffer, pH
7.6. Tris buffer was used for all washing steps. Sec-
tions were incubated 45 minutes at room temperature
with primary monoclonal mouse antibodies specific
for Ck5 (clone D5/16B4; Zymed, San Francisco, Cali-
fornia, diluted 1:50; and Dako, Hamburg, Germany,
diluted 1:80), Ck8/18 (used as a cocktail of Ck8 and
Ck18; clones C 51 and DC 10, diluted 1:10 and 1:20,
respectively; Quartett, Berlin, Germany), Ck8/18/19
(clone KL1; Immunotech, Marseille, France, diluted
1:50), and SMA (clone 1A4; Sigma, Taufkirchen, Ger-
many, diluted 1:200). In this study, the systematic use
of Abs to Cks8/18 and 8/18/19 revealed the same
results, which is why we prefer resorting the Ab to a
broader spectrum of glandular Cks. All Abs were
diluted in 10% RPMI (Sigma) complemented with 10%
BSA (Sigma) and 0.1% NaN3, pH 7.5. For simulta-
neous demonstration of pairs of mAbs, the following
strategy was used. After visualization of a first primary
monoclonal mAb with FITC-conjugated rabbit-anti-
mouse antibody (Dianova, Hamburg, Germany, di-
luted 1:50), sections were immunoreacted with the
second primary monoclonal mAb, which we biotinyl-
ated using the DAKO ARK biotinylating kit (Dako). The
biotin label was consequently visualized with Cy3-
conjugated streptavidin (Dianova, 1:500). The SMA
mAb was used as a FITC conjugate. Finally, nuclei
were counterstained with diamidino-2-phenylindole
(DAPI) (Sigma, 5 �g/ml Tris buffer) for 15 seconds.
Controls were incubated without primary mAb or
replacing of the primary mAb with mouse IgG applied

Figure 4.
Western blotting of breast tissue preparations and cultured cells. Lane 1,
A-431 cells (total cellular proteins); lane 2, A-549 cells (total cellular proteins);
lane 3, normal breast tissue (microdissected terminal ducts and lobular units);
lane 4, ductal carcinoma in situ (DCIS) (microdissected ductal lesions). a,
Western blotting reaction produced by monoclonal mAb Ck5/6. Only a very
faint Ck5 reaction is seen for DCIS (lane 4). As expected, clear-cut Ck5 bands
are present in normal breast tissue (lane 3) and A-431 cells (lane 1). b,
Subsequent Western blotting immunoreaction with anti-Ck8 after incubation
with mAb M20 against Ck8. Note the additional appearance of Ck8 bands
(arrowhead; 52.5 kDa) in all preparations (lanes 1–4). The Ck5 bands,
corresponding to the first blot reaction, are also visible.
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at the same concentration that was used for the
primary mAb. In the controls, no specific immunola-
beling was observed. All sections were also stained
using conventional enzyme labeling as previously de-
scribed (Otterbach et al, 2000).

Microscopy and Image Processing

Immunostained preparations were examined on a
Zeiss Axioplan 2 fluorescence microscope (Carl Zeiss-
Werke, Germany) equipped with appropriate filters.
Separate images for DAPI, Cy3, and FITC staining
were captured digitally from triple-stained specimens
into color-separated components using an AxioCam
digital camera (Carl Zeiss-Werke) and AxioVision2.05
multi-channel image processing (Carl Zeiss Vision
GmbH, Munich-Hallbergmoos, Germany). The red (for
Cy3), blue (for DAPI), and green (for FITC) components
were merged, and composite images were imported
as JPEG files into PhotoImpact 3.0 (Ulead Systems,
Inc., Torrance, California) for further analysis.

Western Blotting

For the Western blotting experiments, breast biopsy
specimens containing DCIS (nonhigh grade) or normal
breast tissue were snap-frozen in liquid nitrogen im-
mediately after surgical removal. Cell pellets of A-431
vulvar squamous cell carcinoma cells and A-549 lung
carcinoma cells (American Tissue Culture Collection,
Rockville, Maryland) were used as controls. Histolog-
ically defined tissue structures were microdissected
and prepared using high-salt extractions as previously
described (Moll et al, 1982).

SDS-PAGE and Western blotting were performed as
described (Achtstaetter et al, 1986; Taylor-Papadimitriou
et al, 1991). Molecular weight markers (SDS-6H; Sigma)
were run in the lateral lanes of the gel. SDS-PAGE-
separated polypeptides were transferred to a polyvinyli-
dene difluoride (PVDF) membrane (Immobilon P; Milli-
pore, Eschlhofen, Germany) using a semidry blotting
system (Trans-Blot SD; BioRad, Munich, Germany). After
blocking of nonspecific binding sites in 10% dried skim
milk in PBS containing 0.1% Tween (PBS-Tween), the

Figure 5.
A new cell biology concept based on our fluorescence immunolabeling and Western blot findings, complemented by gene expression studies from the literature. Ck5�
progenitor cells (yellow) give rise to both glandular cells (Ck8/18/19�; green) and myoepithelial cells (SMA�; red) via intermediary cells, which co-express Ck5/6
with the lineage-specific marker (either Ck8/18/19� or SMA�). This model describes the fundamental cellular differences between benign proliferative breast lesions
and most types of breast cancer.
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blot sheet was incubated with the Ck5/6 mAb (Chemi-
con, Hofheim, Germany) diluted 1:3000 in PBS-Tween
for 1 hour. Horseradish peroxidase (HRP)-conjugated
antibodies to mouse IgG (DAKO) were applied for 20
minutes (diluted 1:500 in PBS-Tween). The immunore-
active polypeptide bands were detected by enhanced
chemiluminescence (AmershamPharmacia Biotech,
Freiburg, Germany). After exposure of x-ray films, the
same PVDF membrane was rehydrated using methanol
(2 seconds) and distilled water (1 minute) and subjected
to a second immunoreaction using monoclonal mAb
M20 against Ck8 (Euro-Diagnostica, Arnhem, The Neth-
erlands). The resulting second enhanced chemilumines-
cence revealed both polypeptides immunoreactive for
Ck5/6 and polypeptides immunoreactive for Ck8. Finally,
the PVDF membrane was stained with Coomassie bril-
liant blue for control of complete polypeptide transfer.
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