
&p.1:Abstract The morphogenesis of salivary gland pleo-
morphic adenoma was examined in vitro using three-di-
mensional (3-D) collagen gel culture. Pleomorphic ade-
noma cells were isolated from three parotid gland tu-
mours and cultured as monolayers, after which they
were subcultured in floating-collagen gel sandwiches.
Cells cultured in both conditions were immunohisto-
chemically characterized and compared using antibodies
against various proteins representative of each histologi-
cal component of salivary glands. Monolayers had myo-
epithelial characteristics, being positive for vimentin
and α-smooth muscle actin. In collagen gels, however,
the cells assembled in epithelial nests, showing an archi-
tecture similar to that of pleomorphic adenoma. The
nests were composed of duct-lining epithelial cells that
were positive for epithelial markers, surrounded by
myoepithelial cells. Collagen gel culture induces multi-
directional differentiation of adenoma cells, suggesting
that pleomorphic adenomas originate from stem or re-
serve cells.
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Introduction

The pleomorphic adenoma is the most common neo-
plasm of human salivary glands. It is characterized by
mixtures of epithelial, myoepithelial, and stromal com-
ponents, with considerable morphological variability
within single neoplasms. The epithelial components
show various growth patterns, forming solid, cystic, tra-

becular, or papillary structures consisting of duct-lining
epithelial as well as myoepithelial cells.

Immunohistochemical and electron microscopic stud-
ies have demonstrated that inner layers of cell nests con-
sist of epithelial elements resembling those of acini or
intercalated ducts [6]. These cells are positive for epithe-
lial markers, such as cytokeratin (CK) and epithelial
membrane antigen (EMA). Cells of the outer layers, in
contrast, stain for α-smooth muscle actin (α-SMA) and
vimentin (VN), but are negative for epithelial markers,
reflecting their myoepithelial differentiation [3, 5, 6, 9,
11, 17, 20, 23, 24]. The stromal components of the tu-
mour also exhibit variety, with myxoid, chondroid,
myxochondroid, fibrous and vascular characteristics, and
constituent cells may also have a myoepithelial nature
[6]. These observations suggest that the tumour cells of
pleomorphic adenomas originate from stem or reserve
cells and are multi-potential for differentiation.

The characteristics of cell lines or strains derived
from salivary gland pleomorphic adenoma cells have
been examined by many authors [9, 20, 25]. In monolay-
er culture they show strong myoepithelial properties,
with only weak staining for epithelial markers including
EMA [8, 25]. These characteristics have led to the sug-
gestion that tumour cells are of myoepithelial cell origin
[8, 9], but this discrepancy between in vivo and in vitro
findings may be due to the influence of different envi-
ronments on growth and differentiation.

Several studies have shown that culture in three-di-
mensional (3-D) collagen gels of normal epithelial cells
obtained from thyroid [18, 22], mammary [26], tracheal
[12], and nasal mucosal glands [10] is associated with
organization into tubes and glandular structures. We used
this culture system to examine the morphogenesis of
pleomorphic adenomas in vitro. For this purpose, tumour
cells were isolated from three parotid gland pleomorphic
adenomas, cultured in a 3-D collagen gel matrix, and
characterized immunohistochemically. They were com-
pared with the same cells grown as monolayers.
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Materials and methods

Tumour cells were obtained from three male patients, all of whom
had undergone partial superficial parotidectomy for resection of
their neoplasms. Histopathologically all were pleomorphic adeno-
mas. The cell strains derived from these tumours were designated
as PA1, PA2, and PA3.

For primary culture, pieces of the resected tumours were
placed in ice-cold Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal calf serum (FCS), streptomycin
(0.5 mg/ml) and penicillin (500 U/ml) and transferred to the labo-
ratory. The materials were minced into fine pieces with scissors
and washed several times with Hank’s solution containing antibi-
otics. Next, the tissue fragments were transferred into DMEM
containing 0.1% collagenase (CLS2, Worthington, Freehold, NJ)
and agitated gently for 8–12 h at room temperature. The resulting
cell suspension was stood for 15 min and the supernatant was col-
lected. After being combined with 2 vol. of fresh DMEM supple-
mented with 10% FCS, the isolated cells were recovered by cen-
trifugation at 1000 rpm for 5 min. Finally, cell pellets were resus-
pended in culture medium (DMEM/10% FCS, 0.1 mg/ml strepto-
mycin, 100 U/ml penicillin), plated in T-75 tissue culture flasks
and incubated in 5% CO2/95% air at 37°C. The medium was
changed every 3 days. On reaching 80% confluency, the cells were
harvested by trypsinization with 0.05% trypsin and 0.02% ethyl-
enediaminetetraacetic acid (EDTA) solution and subcultured onto
glass coverslips or transferred to collagen gel cultures.

Preparation of type I collagen from rat tail tendons and colla-
gen gel culture was performed by a modified procedure described
by Dunn et al. [4]. In brief, 5 volumes of collagen solution
(2.2 mg/ml), 5 vol. of 2× concentrated Iscove’s Modified Dulbec-
co’s Medium (IMDM) and 1 vol. of FCS were mixed and poured
into the wells of 12-well plastic plates (1 ml/well). The plates
were warmed to 37°C for 30 min to let the gels form. Next, 1 ml
of cell suspension diluted with culture medium containing
3–5×105 cells was poured on each formed gel. The cells were al-
lowed to attach to the surface of the gels for 12 h, and the medium
and nonadherent cells were then removed, after which 1 ml of a
second collagen gel layer was overlaid to form collagen gel sand-
wiches. After gelatinization, the gels were further covered with
2 ml of the medium, and 1 day after seeding they were released
from the walls of the wells and floated in the culture medium.
These collagen gel cultures were then maintained for up to
4 weeks with the culture medium changed every 3 days. On days
5, 10, 15 and 30, collagen gel cultures were fixed with 10% forma-
lin in 0.1 M phosphate buffer. Some cultures were treated with
5 mM monensin for 6 h before fixation, to accumulate secretory
proteins. The gels were embedded in paraffin and sectioned at
4 µm for histological assessment.

Collagen gel and monolayer cultures of pleomorphic adenoma
cells were characterized by immunohistochemistry with antibodies
against antigens representative for various histological compo-
nents of salivary glands. Paraffin sections of the original tumours
along with normal portions of salivary glands were also immuno-
stained with the same antibodies as controls. The antigens evaluat-
ed in this study were α-amylase (AL), lysozyme (LZ), EMA, CK,
VN, α−SMA and S-100 protein. The primary antibodies used are
summarized in Table 1. Staining was performed by the labelled
streptavidin biotin (LSAB) peroxidase technique. After dep-
araffinization and rehydration, the sections were exposed to meth-
anol containing 0.3% H2O2 to inhibit endogenous peroxidase ac-
tivity. After incubation with the primary antibodies and treatment
with a SensiTek HRP kit (Scytek Laboratories, Logan, Utah), the
labelling was visualized with 0.02% diaminobenzidine and 0.01%
H2O2. Finally, the sections were lightly counterstained with hae-
matoxylin. To provide negative controls, the blocking solution in-
cluded in the SensiTek HRP kit was substituted for the antibodies.

Monolayer cultures on glass coverslips were stained by the in-
direct immunofluorescence technique using fluorescein isothiocy-
anate-conjugated goat anti-mouse IgG or anti-rabbit IgG (MBL,
Nagoya, Japan) as the secondary antibodies. In brief, the cells
were fixed with 10% formalin for 10 min, and subsequently treat-

ed with the same fixative supplemented with 0.02% Triton X-100
for 10 min. After being washed with PBS and treated with 10%
normal goat serum for 30 min, the cells were incubated with ap-
propriately diluted primary antibodies for 12 h at 4°C. Labelling
was analysed under a fluorescence microscope.

Results

Within 24 h of plating, most cells in primary culture had
attached to the surfaces of the flasks and begun to spread
and proliferate. Within 2 weeks, confluent monolayers
were obtained (Fig. 1A). Cells were harvested from these
and plated on collagen gel layers, where they attached
and began to form globular or polygonal-shaped clusters
within 12 h (Fig. 1B). Other cells, which were free from
the clusters, were spindle shaped or spherical. After the
second collagen gel layers were overlaid and the gels
were released from the plastic substratum of the wells,
the cell clusters grew in size and some of them fused. In
addition, the gels began to contract and become thick
and opaque. This phenomenon went on for a few weeks,
and it became impossible to observe the details by
phase-contrast microscopy within a few days. Haematox-
ylin-eosin staining of paraffin sections (Fig. 1C-F) of
fixed collagen gel cultures revealed that most cells had
formed ductal structures complete with a lumen by day 5
(Fig. 1C). Surrounding these were myoepithelial cells, as
in the original tumours. On day 10 some of the myoepi-
thelial cells appeared to have separated from the duct-
like assemblies and migrated into the gel matrix
(Fig. 1D). On day 30 the epithelial nests had grown, but
the architecture described above was preserved (Fig. 1E,
F).

The histological characteristics of the three original
tumours were assessed using paraffin sections stained
with haematoxylin-eosin. The original specimens of PA1
and PA3 consisted of myxoid areas containing nests of
duct-acinar structures, which occupied approximately
30% of each section. Half area of the original PA2 tu-
mour showed a myxoid stroma containing a few duct-ac-
inar structures, while the other half consisted of prolifer-
ating myoepithelial cells. No chondroid component was
seen in any of the three cases.
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Table 1 Technical data for the antibodies used (EMA epithelial
membrane antigen, α-SMAα-smooth muscle actin)&/tbl.c:&tbl.b:

Antigen Source Clonality Working
dilution

α-Amylase Nordic immunology, Polya 1:1000
Capstrano Beach, Calif.

Lysozyme DAKO Japan, Kyoto, Japan Polya 1:1000
EMA DAKO Japan E29b 1:100
Cytokeratin Sigma, St Louis, Mo. C11b 1:400
Vimentin DAKO Japan V9b 1:50
α-SMA DAKO Japan 1A4b 1:50
S-100 DAKO Japan Polya 1:200

a Rabbit polyclonal antibody
b Monoclonal antibody&/tbl.b:



Immunohistochemical characterization of the cells
was performed on the original tumour tissue together
with normal portions of salivary glands and monolayer
and collagen gel cultures. In normal salivary glands AL
was only positive in acinar cells, whereas LZ was present
in acinar cells and epithelial cells of intercalated ducts.
EMA was positive at the luminal surfaces throughout the
duct system, including the intercalated, striated, and ex-
cretory ducts. CK was positive in all epithelial cells of
the acini and ducts, but negative in myoepithelium. VN
and α-SMA were positive only in myoepithelial cells. S-
100 protein was positive in acinar cells, and partially in
myoepithelium around acini (data not shown). In the tu-
mour tissues, AL was negative and LZ was positive in
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Fig. 1A–F Monolayer and collagen gel culture of pleomorphic
adenoma cells. A Pleomorphic adenoma cells are polygonal or
spindle-shaped when cultivated as conventional monolayers. B
When transferred to collagen gel culture, the cells form spherical
assemblies (arrows) within 12 h. Paraffin sections of collagen gel
cultures were prepared on days 5, 10 and 30 and stained with hae-
matoxylin-eosin. C On day 5, a epithelial cell nest with a lumen
(*), surrounded by flattened myoepithelial-like cells (arrows), is
shown. D Myoepithelial cells are apparently migrating away from
an epithelial nest (arrowheads) on day 10. E A tangential section
and F a cross section of collagen gel cultures on day 30. The cell
nests have grown in size, but architectural characteristics of epi-
thelial cells and surrounding myoepithelial cells are preserved.
Bars: A, E 40 µm, B, C 25 µm, D 100µm, F 50 µm&/fig.c:



some of the epithelial cells forming ductal structures and
in the spindle cells in the myxoid and chondroid areas.
EMA was positive in the epithelial cells comprising the
walls of ductal structures and at the luminal surfaces
(Fig. 3A). Anti-CK antibodies labelled the epithelial
components but not the surrounding myoepithelial cells
(Fig. 3B), which were positive for VN and α-SMA
(Fig. 3C). VN was also positive in the stromal cells and
in the spindle-shaped myoepithelial cells forming solid
clusters, whereas α-SMA was negative. S-100 protein
showed only weak positivity in the parts of the epithelial
cell nests not forming ductal structures (data not shown).

In monolayer cultures, AL was negative in all the cell
strains. EMA and LZ were negative in PA1 and PA3, but
positive in less than 5% of the PA2 cells. Cells positive for
CK were less than 5% of PA1–3, but almost all of cells
were labelled with VN (Fig. 2A). α-SMA was positive in
degrees varying (approximately 5–80%) among the strains
(Fig. 2B). The majority of PA1 cells and a fraction of PA2
and PA3 cells were positive for S-100 protein.

In 3-D collagen gel cultures, AL was found to be pos-
itive within the lumina and in a few epithelial-like cells
of ductal structures (Fig. 3D). LZ was weakly labelled in

all types of cells forming nests in PA3 and in a few scat-
tered epithelial-like cells in PA2. EMA was positive in
luminal surfaces of the ductal structures and a few scat-
tered epithelial-like cells (Fig. 3E). CK was strongly pos-
itive in the epithelial-like cells, but negative in the myo-
epithelial-like cells (Fig. 3F). Myoepithelial-like cells
adjacent to collagen substratum were labelled by VN
(Fig. 3G) in PA1–3 and by α-SMA (Fig. 3H) in PA1 and
PA2, whereas the epithelial cells were negative. Cells
positive for S-100 protein showed a scattered distribution
in the nests. Isolated cells in the gel matrix were strongly
positive for VN and S-100 protein (Table 2). Mucinous
substances within the lumina in collagen gel cultures
stained strongly with periodic acid-Schiff (PAS) and
weakly with Alcian blue (AB). The gel matrix around
cell nests was also positive for PAS and AB (Fig. 3I, K).

Discussion

The present study clearly demonstrates that the pheno-
type of salivary gland pleomorphic adenoma cells in cul-
ture depends on the environmental conditions. Culture of
pleomorphic adenoma cells in a gelatin sponge matrix
results in the appearance of an epithelial-like arrange-
ment of cells that are nonepithelial in conventional
monolayer culture [21]. In Matrigel, the pleomorphic ad-
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Fig. 2A, B Immunofluorescence of pleomorphic adenoma cells
cultured as monolayers. The cells are labelled for A vimentin and
B α-smooth muscle actin. Bars: A 100µm, B 50 µm&/fig.c:

Table 2 Expression of histological markers by pleomorphic ade-
noma cells in monolayer and collagen gel culture. Positivities in
each cell strain for PA1/PA2/PA3, respectively. In monolayer cul-
ture, −, +, 2+ and 3+ denote that positive cells are absent, or com-

prise <30%, 30–70%, and 70%+, of the total, respectively. In col-
lagen gel culture, −, +, and 2+ represent negative, scattered or
weak positivity, and strong positivity in the majority of cells, re-
spectively. (Free isolated cells not belonging to cell assemblies)&/tbl.c:&tbl.b:

Markers Monolayer culture 3-D collagen gel culture

Epithelial Myoepithelial Free Mucus
cells cells

α-Amylase − +/+/+ − +/−/− 2+/−/–
Lysozyme −/+/− −/+/+ −/−/+ −/−/+ −
EMA −/+/− +/+/+ − − −
Cytokeratin +/+/+ 2+/2+/2+ − − −
Vimentin 3+/3+/3+ − 2+/2+/2+ 2+/2+/2+ −
α-SMA +/3+/2+ − 2+/+/− − −
S-100 2+/+/+ +/+/+ +/+/+ +/+/+ −

&/tbl.b:
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Fig. 3 Immunohistochemistry of A–C tumour and D–K collagen
gel cultures of pleomorphic adenoma. In the tumour inner cells in
duct-acinar structure are labelled for A epithelial membrane anti-
gen (EMA, arrows) and B cytokeratin (*). C The outer cells are
positive for vimentin (arrowheads), suggesting a myoepithelial na-
ture. D In collagen gel cultures, α-amylase is positive in mucinous
material within a ductal lumen (arrows). E Luminal surfaces of
ducts are positive for EMA (arrows). F Cytokeratin is present in
epithelial (white arrow), but not myoepithelial, cells (arrowheads).
G Vimentin and H α-SMA are labelled only in myoepithelial cells
(arrowheads). Mucinous material in lumina is positive for I peri-
odic acid–Schiff and K alcian blue (AB). Gel matrix surrounding
the cell nests is also weakly positive for AB. Bars: A–C, D, F, G,
I 25 µm, E, H, K 50 µm&/fig.c:

enoma cell lines, UNC4 and AP2, grow in organized
clumps and ductules [13, 25]. Recently, the floating-col-
lagen gel sandwich culture technique used in this study
has attracted increasing interest for the in vitro study of
epithelial cells [18, 19]. Not only is the architectural or-
ganization preserved, but cellular functions resembling
those in vivo can be maintained. We found that pleomor-
phic adenoma cells cultured in such collagen gels reorga-
nize into epithelial nests similar to the original tumour
tissues, with functional differentiation as indicated by the
expression of epithelial and myoepithelial markers. The
patterns were compatible with those found for these tu-
mours in previous immunohistochemical studies [3, 5, 6,
11, 17, 23, 24].



The anti-CK antibody used in this study reacts with
human CK 4, 5, 6, 8, 10, 13 and 18. It has been reported
that the subtypes of CKs expressed differ between myo-
epithelial and epithelial cells of normal salivary glands,
with acinar and ductal epithelial cells being positive for
CK 6, 8 and 18 and myoepithelial cells staining for
CK 14, 17 and 19 [1,14]. Using this antibody, we were
able to distinguish epithelial components from myoepi-
thelial cells. We also confirmed positive labelling of
myoepithelial-like cells in culture using an anti-CK 17
antibody (data not shown).

Many hypotheses have been proposed to account for
the histogenesis of salivary gland tumours, including
pleomorphic adenomas. The bi-cellular theory is a current
histogenic concept [7], which assumes the presence of re-
serve or stem cells located in the intercalated and excreto-
ry ducts as a source for cell renewal and induction of tu-
mours. Many types of salivary gland tumours, including
pleomorphic adenomas, adenoid cystic carcinomas, War-
thin’s tumours, oncocytomas and acinic cell tumours, are
considered to originate from such intercalated duct cells.
Other types, such as mucoepidermoid carcinomas and
squamous cell carcinomas, may originate from excretory
duct cells, although a common stem cell might be the ori-
gin of all types [16]. While this theory is plausible, direct
evidence for the existence of a stem cell or reserve cell is
lacking. In addition, all cell types in the normal salivary
gland can rapidly enter the cell cycle in steady state and
pathophysiological conditions, suggesting that they could
all be targets for neoplastic transformation [2, 15]. While
studies using cell or tumour lines have suggested that
myoepithelial cells or their precursors may give rise to
pleomorphic adenoma, this conclusion was reached main-
ly on the basis of the clearly myoepithelial characteristics
observed in monolayer culture, and this is clearly not a
situation analogous to the in vivo case [9, 20, 25]. When
cultured in floating-collagen gel sandwiches, the tumour
cells reconstructed ductal structures and redifferentiated
into epithelial and myoepithelial cells, in addition to
which the proportion of cells with epithelial characteris-
tics was significantly increased. All cell strains formed
similar cell nests in collagen gel culture, despite the vari-
ous histological patterns of the original tumours. This
suggests that pleomorphic adenoma cells can change their
phenotype for that of acinar or ductal epithelial cells or
that of myoepithelial cells, depending on the environ-
ment. This might explain the different characters of tu-
mour cells in monolayer cultures and tissues. Although
not solving the problem of the origin of myoepithelial or
stem cells, the multi-potentiality of pleomorphic adenoma
cells might be responsible for their demonstrably compli-
cated histological features.

The present 3-D culture system appears to be a useful
in vitro model for understanding the mechanisms of mor-
phogenesis of salivary gland tumours and of similarly
unusual lesions in other organs.
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