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SUMMARY: Pleomorphic adenoma gene 1 (PLAG1), a zinc finger transcription factor gene, is consistently rearranged and
overexpressed in human pleomorphic adenomas of the salivary glands with 8q12 translocations. In this report, we describe the
immunohistochemical localization of PLAG1 protein in pleomorphic adenomas of the salivary gland and corresponding normal
tissue, in relation to cytokeratin, vimentin, and BCL-2 expression. Normal salivary gland tissue was not immunoreactive for
PLAG1. In primary pleomorphic adenomas, cells strongly immunoreactive for PLAG1 were detected in the outer layer of
tubulo-ductal structures, which are thought to be the origin of cells with bi-directional, epithelial, and mesenchymal phenotypes.
In contrast, epithelial cells with abundant cytokeratin in the inner tubulo-ductal structures only sporadically expressed PLAG1.
BCL-2 immunoreactivity was found mainly in the cells surrounding the tubulo-ductal structures and in the solid undifferentiated
cellular masses, within the areas that had moderate PLAG1 immunoreactivity. The variability of PLAG1 expression in neoplastic
cells seemed to reflect the morphologic heterogeneity that correlated with the stage of differentiation of the tumor cells.
Immunohistochemical/cytogenetic evaluation of two pleomorphic adenomas with t(3;8)(p21;q12) or t(5;8)(p13;q12) translocations
demonstrated the clonal nature of immunophenotypically diverse cells. This finding confirms the theory that pleomorphic
adenoma cells share a common single-cell origin, most likely from the epithelial progenitor basal duct cells. (Lab Invest 2001,
81:1289–1297).

P leomorphic adenomas, the most common benign
tumors of the salivary gland, are classified as

tumors of epithelial origin (Seifert et al, 1990). They are
morphologically characterized by a biphasic pattern
containing both epithelial and mesenchymal areas
(Dardick et al, 1982, 1987; Erlandson et al, 1984;
Palmer et al, 1985). The epithelial component of these
tumors contains double-layered cystic, tubular, or
solid structures, usually with a distinct inner layer

facing a lumen and an outer layer facing the stromal
components. In some of the epithelial clusters, these
layers expand and lead to masses of spindled cells in
connection with the tumoral stroma. Aberrantly differ-
entiated cells in the outer layers of tubulo-ductal
structures (so-called “modified myoepithelial” or
myoepithelium-like cells) have a bi-directional, epithe-
lial and mesenchymal phenotype (Palmer et al, 1985;
Sunardhi-Widyaputra and Van Damme, 1995; van den
Oord et al, 1993). These cells are thought to play an
important role in the formation of the extracellular
matrix and thereby in the creation of the histologic
diversity that is characteristic of pleomorphic adeno-
mas (Neureiter et al, 1999). Although these cells com-
prise a major component of pleomorphic adenomas
and are responsible for the spectrum of growth pat-
terns seen in these tumors, the cytologic origin of the
chromosomal abnormalities in pleomorphic adenoma
has not been clearly established.
The pleomorphic adenoma gene 1 (PLAG1) on chro-

mosome 8q12 plays a significant role in the develop-
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ment of pleomorphic adenoma of the salivary gland.
Activation of PLAG1 gene expression is the result of
recurrent chromosomal translocations that may in-
volve a large number of different partners (Bullerdiek
et al, 1987). In the two most frequent translocations,
t(3;8)(p21;q12) and t(5;8)(p13;q12), the replacement of
the PLAG1 promoter, which is inactive in mature
salivary glands, by a strong promoter derived from the
�-catenin (CTNNB1) and leukemia inhibitory factor
receptor (LIFR) genes, respectively, leads to abnormal
expression of PLAG1 in the tumor cells (Kas et al,
1997; Voz et al, 1998). Because PLAG1 seems to act
as a transcriptional regulator, this ectopic expression
probably results in deregulation of target genes (Kas et
al, 1998; Voz et al, 2000).

In this report, we describe the histologic localization
of the PLAG1 protein in salivary gland tumors with
8q12 translocations. Immunohistochemistry was per-
formed on pleomorphic adenomas using antibodies
raised against the C- or N-terminal parts of the PLAG1
protein. PLAG1 immunoreactivity was related to the
protein expression of cytokeratins and vimentin, his-
tologic markers of epithelial and mesenchymal differ-
entiation, respectively, and BCL-2, a marker of cellular
immaturity. To determine the histogenetic origin of the
cells with chromosome translocations, a combined
immunocytologic/cytogenetic approach was devel-
oped that enabled simultaneous ascertainment of
cytogenetic aberrations and immunophenotypic fea-
tures in individual cells.

Results

Generation of Specific PLAG1 Antibodies

GST-PLAG1 (N2-C41) and GST-PLAG1 (N341-C500)
fusion proteins were expressed in Escherichia coli and
the fusion proteins were purified on Glutathione
Sepharose columns and injected into rabbits to obtain
the PEM195 and PEM190 antibodies, respectively
(see “Material and Methods”). The affinity and speci-
ficity of the antibodies were tested by Western blot
analysis. For that purpose, we expressed PLAG1 by in
vitro transcription and translation of the pCDNA3-
PLAG1 expression vector that contains the complete
open reading frame of PLAG1 preceded by its own
Kozak consensus translation start site (Voz et al,
2000). This expression leads to the generation of three
isoforms, the full-length PLAG1 protein and two alter-
native isoforms generated by the initiation of the
translation at methionines 83 and 100. As seen in
Figure 1, the PEM190 antibody, directed against the
C-terminal part of PLAG1, recognized the three iso-
forms (Lane 1). In contrast, the PEM195 antibody,
directed against the N-terminal part of PLAG1, recog-
nized only the full-length protein (Lane 3). Preimmune
sera did not detect any PLAG1 proteins (Lanes 2 and
4).

Histologic and Immunohistochemical Study

PLAG1 Immunoreactivity in Pleomorphic Adenomas
versus Normal Salivary Glands. PLAG1 expression

was not detected in normal salivary gland tissue (Fig.
2, E and F), in agreement with the absence of PLAG1
transcripts in this tissue (Kas et al, 1997; Voz et al,
1998). In contrast, nuclear immunoreactivity was
found in up to 75% to 80% of the various cells in the
pleomorphic adenoma with a t(3;8) (p21;q12) translo-
cation that has been shown to express high level of
PLAG1 transcripts (Kas et al, 1997). Immunoreactivity
was mainly restricted to the nuclei and was stronger
with PEM195 (Fig. 2D) than PEM190 (Fig. 2C). Weak
PLAG1 immunoreactivity was found in the inner cell
layer of tubulo-ductal structures, and strong immuno-
reactivity was found in the outer cell layer (Fig. 2, C
and D). Moderate PLAG1 immunoreactivity was also
found in the solid undifferentiated cellular areas. As
expected, no immunoreactivity was observed with the
preimmune sera (Fig. 2, A and B).

PLAG1 Immunoreactivity versus Cytokeratin, Vi-
mentin, and Bcl-2 Expression. To reveal which types
of cell expressed PLAG1, serial sections were cut and
processed for immunohistochemistry with different
antibodies. In the nontumoral parts of the salivary
glands, cytokeratin expression was restricted to aci-
nar cells and ducts (data not shown). In pleomorphic
adenoma, strong cytokeratin immunoreactivity was
found in the inner layer of tubulo-ductal structures,
whereas the outer layer was less immunoreactive.
Scattered neoplastic cells in the undifferentiated cel-
lular mass were also immunoreactive (Fig. 3D).

In normal parotid tissue, vimentin expression was
found only in stromal areas of the gland (not shown). In
salivary gland pleomorphic adenomas, vimentin im-
munoreactivity was found in the undifferentiated cel-
lular areas and in scattered cells that surround the
epithelial gland-like structures (Fig. 3E). Some of the
scattered cells surrounding the epithelial gland-like
structures were also immunoreactive for cytokeratins.

In normal salivary glands, BCL-2 expression was
restricted to the basal and dark cells of excretory and

Figure 1.
Western blot analysis. Five microliters of in vitro transcription and translation
of pCDNA3-PLAG1 (Lanes 1 and 3) and of mock translated products (Lanes 2
and 4) were subjected to SDS-PAGE, transferred to nitrocellulose, and
incubated with PEM190 (Lanes 1 and 2) and with PEM195 antibodies (Lanes
3 and 4). The arrow marked f.l. indicates the full length PLAG1 protein. The
arrow marked Alt. shows the two alternative isoforms generated by the
initiation at met 83 and met 100, which co-migrated in a single band.
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striated ducts, and to some stromal inflammatory
cells (not shown). In pleomorphic adenomas, cells
surrounding tubulo-ductal structures expressed
BCL-2 (Fig. 3C). Strong immunoreactivity for BCL-2
was also found in solid undifferentiated cellular
masses. Some of the solid undifferentiated cellular
masses were also immunoreactive for PLAG1. Over-
all, however, the strongest PLAG1 immunoreactivity

was found mainly in the outer layer of tubulo-ductal
structures. In contrast, stromal and undifferentiated
tumoral masses with extensive BCL-2 and vimentin
expression had moderate PLAG1 immunoreactivity
(Fig. 3, A and B).

The distribution of PLAG1, cytokeratin, and vimentin
proteins in normal human salivary gland and pleomor-
phic adenoma is summarized in Table 1. All controls

Figure 2.
Using the preimmune serum of PEM190 (A) and PEM195 (B), there was no immunoreactivity in the primary pleomorphic adenoma sections. Moderate (C) and strong
(D) immunoreactivity for pleomorphic adenoma gene 1 (PLAG1) was found in the nuclei of the outer layer (o) of the tubulo-ductal structures and in the undifferentiated
cellular masses (m) using PEM190 (C) and PEM195 (D) antibodies, respectively. Immunoreactivity to PLAG1 using PEM190 (E) and PEM195 (F) antibodies was not
found in the normal salivary gland. Cryostat sections, PAP with Hemalum counterstain. Original magnification, �250.
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(replacing the primary antibody with nonimmune rab-
bit or mouse serum) were negative.

Molecular Cytogenetic Analysis

On metaphase cells of the pleomorphic adenoma with
the 46,XY,t(5;8)(p13;q12) karyotype, a YAC 906F4/
LIFR-specific probe revealed a green signal at band
5p13 of the normal chromosome 5 and a split signal at
the breakpoint sites of both derivatives chromosomes
der(5) and der(8). A YAC 935E9/PLAG1-specific probe
revealed red signals at band q12 on the normal
chromosome 8 and a fusion with the signal from the
YAC 906F4 probe on chromosome der(8), confirming
the involvement of PLAG1 and LIFR genes in the 5;8
translocation (not shown). Interphase fluorescence in
situ hybridization (FISH) analysis, using these probes,
revealed two green signals, one red signal, and one
fusion (yellow) signal in 90% of the nuclei (Fig. 4, B and
D).

On metaphase cells of the pleomorphic adenoma
with the 46,XY,t(3;8)(p21;q12) karyotype, a YAC
750D3/CTNNB1-specific probe revealed a green sig-
nal at band 3p21 of the normal chromosome 3 and a
split signal at the breakpoint sites of both derivatives
chromosomes der(3) and der(8). A YAC 935E9/
PLAG1-specific probe revealed red signals at band
q12 on the normal chromosome 8 and a fusion with
the signal from the YAC 750D3 probe on chromosome
der(8), confirming the involvement of PLAG1 and
CTNNB1 genes in the 3;8 translocation. Interphase
FISH analysis revealed two green signals, one red
signal, and one fusion (yellow) signal in approximately
80% of the nuclei (not shown).

Triple-color Immunofluorescence Cytochemistry and FISH
Analysis on Pleomorphic Adenomas Propagated In Vitro

Using both the PEM190 and PEM195 antibodies, clear
immunoreactivity was found in up to 90% of the cells
from the tumors carrying specific t(3;8) and t(5;8)
translocations. PLAG1 immunoreactivity was present
mainly in the nuclei, whereas the cytoplasm was
immunoreactive for cytokeratins and vimentin. A large
degree of heterogeneity in cellular size and shape and
intensity of PLAG1 immunoreactivity was observed
(Fig. 4, A and C). In contrast, only weak nuclear
anti-PLAG1 immunoreactivity was found in approxi-
mately 10% of the control pleomorphic adenoma cells

Figure 3.
Serial sections of primary pleomorphic adenoma. Immunoreactivity to PLAG1
using PEM190 (A) and more intense immunoreactivity to PEM195 (B)
antibodies was found in the nuclei of the outer layer of the tubulo-ductal
structures (o) and in the undifferentiated cell clusters (m). Immunoreactivity
for BCL-2 (C) was found in cells surrounding (s) the tubulo-ductal structures
and in the undifferentiated cellular mass (m). Cells strongly immunoreactive
for cytokeratin (D) were found in the inner (i) layer of the tubulo-ductal (}) and
cystic structures (*). The outer layer (o) and some cells within the undiffer-
entiated tumoral masses (m) were also immunoreactive, but with markedly
less intensity. Strong vimentin immunoreactivity (E) was commonly present in
the undifferentiated tumoral mass (m) and in some cells surrounding (s) the
cyst structures. Cryostat sections, PAP with Hemalum counterstain. Original
magnification, �250.
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with t(3;12) or t(X;2) aberrations, confirming the spec-
ificity of the antibodies and ruling out the possibility of
PLAG1 induction during in vitro propagation.

After 3 days of culturing, round, epithelioid cells,
with big nuclei and a narrow rim of cytoplasm repre-
sented approximately one third of the cellular popula-
tions. The majority of the epithelioid cells were clearly
immunoreactive for cytokeratin, weakly immunoreac-
tive for vimentin, and moderately to strongly immuno-
reactive to both anti-PLAG1 antibodies (Fig. 4, A and
C, arrowheads). Approximately 15% to 20% of the
epithelioid cells were cytokeratin and PLAG1 but not
vimentin immunoreactive (Fig. 4C, arrow). Expression
of PLAG1 protein in these cells was much lower than
in the cells with bi-directional, epithelial and mesen-
chymal phenotype, as assessed by the immunofluo-
rescence intensity. Few epithelioid cells were immu-
noreactive for cytokeratin but not for vimentin or
PLAG1.

Elongated or polygonal, fibroblast-like cells that
frequently formed filopodia and long cytoplasmic ex-
tensions with bulbous endings represented the other
cellular compartment proliferating in vitro. The pre-
ponderance of fibroblast-like cells (80%) were also
immunoreactive to anti-vimentin and anti-cytokeratin.
However, the cytokeratin immunoreactivity was less
intense than the vimentin. In the majority of these cells,
immunoreactivity was evident with both antibodies
directed against PLAG1, although not as intense as in
the epithelioid cells. In the remaining 20% of the
fibroblast-like cells the expression of vimentin and
PLAG1 (indicated by the arrow on Fig. 4A) but not
cytokeratin was observed. Again, immunoreactivity to
PLAG1 in these cells was weaker, than in the cells with
bi-directional phenotype, as assessed by immunoflu-
orescence intensity.

All cells with PLAG1 immunoreactivity carried chro-
mosomal 3;8 or 5;8 translocations (Fig. 4, B and D). A
small fraction of cells, however, had cytokeratin or
vimentin immunoreactivity and carried the transloca-
tions but did not express PLAG1 by immunofluores-

cence (not shown). The presence of the translocation
in cells of epithelial, mesenchymal, or bidirectional
phenotype unambiguously demonstrated the clonal
nature of the different components of the tumor (Fig.
4, A, Aa, Ab, Ac; C, Ca, Cb, Cc).

Discussion

In this report, we described the histologic pattern of
PLAG1 expression in pleomorphic adenomas of the
salivary gland. We used two polyclonal antibodies
obtained by immunizing rabbits with two nonoverlap-
ping parts of the PLAG1 protein (the amino acids 2 to
41 for PEM195 and 341 to 500 for PEM190). Several
lines of evidence indicate that these antibodies react
specifically with PLAG1 in immunohistochemistry and
immunofluorescence studies. Firstly, these two com-
pletely different antibodies gave exactly the same
expression pattern on pleomorphic adenomas
whereas no immunoreactivity was observed with the
preimmune sera. Secondly, no immunoreactivity was
observed with these two antibodies in normal salivary
gland, in which no PLAG1 transcripts were detected
by Northern blot analysis in a previous study (Kas et al,
1997). In contrast, strong reactivity was observed on
pleomorphic adenomas carrying 3;8 or 5;8 transloca-
tions that had shown high level of PLAG1 transcripts.
Finally, pleomorphic adenomas without PLAG1 gene
rearrangements did not show any PLAG1 reactivity by
immunofluorescence.

PLAG1 expression was restricted to the neoplastic
component but widespread within the tumoral tissue.
Although the inner layer of tubulo-ductal and cyst-like
structures showed no or only occasional PLAG1 im-
munoreactivity, the outer layer and cells that expand
from the outer layer toward tumoral stroma were
strongly immunoreactive. In the dense undifferenti-
ated solid masses, most cells were moderately immu-
noreactive, but few cells were intensely immunoreac-
tive. This pattern of PLAG1 expression seemed to
correlate with the lack of differentiation of the tumoral

Table 1. Distribution of PLAG1, Cytokeratin, Vimentin and BCL-2 Proteins in Normal Salivary Gland and Pleomorphic
Adenomas

Histology

Antigens

PLAG1 Cytokeratins Vimentin BCL-2

Normal salivary gland
Acinar cells of glandular structures � ��� � �
Ductal structures
Light cells � ��� � �
Dark and basal cells � ��� � �

Pleomorphic adenoma
Tubulo-ductal structures
Inner rim �/� ��� � �
Outer rim ��� � � �

Cyst-like structures:
Inner rim �/� ��� � �
Outer rim ��� � � �

Undifferentiated tumoral masses � � ��� ���
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Figure 4.
Triple-color, immunofluorescence images of PLAG1, cytokeratin, and vimentin expression in human pleomorphic adenoma cells carrying t(5;8)(p13;q12)
translocation and propagated for 3 days in vitro (A and C). Anti-PLAG1, anti-vimentin, and anti-cytokeratin immunoreactivity was revealed using
Texas-Red–conjugated donkey anti-rabbit (red), FITC-conjugated rabbit anti-goat (green), and AMCA-conjugated anti-mouse (blue) secondary antibodies,
respectively. Individual color images corresponding to superimposed images in A and C are given in a, b, and c. Long arrowheads indicate bi-directionally
differentiated cells with high PLAG1 expression (A and C); arrows indicate cells with either vimentin (A) or cytokeratin (C) immunoreactivity that had low levels
of PLAG1 expression. Double-color interphase fluorescence in situ hybridization (FISH) analysis of cells corresponding to A and C are given in B and D,
respectively. FISH was performed using a combination of digoxigenin-labeled YAC 935E9 (red signals) and biotin-labeled YAC906F4 (green signals), which
map to the PLAG1/8q12 and LIFR/5P13 genes, respectively, clones as molecular probes. The presence of translocation is visualized by the juxtaposed,
overlapping green and red signals, indicated by arrows.
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cells. Indeed, the areas that were immunoreactive for
BCL-2 were also immunoreactive for PLAG1. BCL-2
protects cells from apoptosis and its expression is
seen in undifferentiated cells in association with cel-
lular immaturity (Hockenbery et al, 1993). Moreover,
some cells within the outer rim, cells surrounding
tubulo-ductal structures, and cells in solid tumoral
masses expressed vimentin; a reflection of their aber-
rant differentiation during the neoplastic transforma-
tion. However, the most differentiated epithelial cells
of the inner tubulo-ductal structures, which show
normal cytokeratin presence, only sporadically ex-
pressed PLAG1. Our findings indicate that the inner
layer cells follow a normal rather than an aberrant
differentiation, whereas there is an abnormal differen-
tiation in the outer layer of tubulo-ductal structures of
pleomorphic adenomas.

Our immunohistochemical findings were further
confirmed by the immunofluorescence cytochemical
studies performed on cultured cells. Both cases with
specific 3;8 and 5;8 translocations associated with
PLAG1 rearrangements revealed clear widespread
PLAG1 expression, whereas the majority of pleomor-
phic adenoma cells without 8q12/PLAG1 rearrange-
ments did not have PLAG1 immunoreactivity. In cases
with recurrent 3;8 and 5;8 translocations, the majority
of the cells showed bi-directional, anti-cytokeratin and
anti-vimentin immunoreactivity, with the expression of
PLAG1 in these cells being most prominent. Addition-
ally, we identified minor fractions of cells that had
PLAG1 immunoreactivity but selective cytokeratin or
vimentin immunoreactivity. Judging from the immuno-
reactivity intensity, the expression of PLAG1 in these
cells was moderate or low. Irrespective of their phe-
notypes, however, all cells that expressed PLAG1
protein carried specific chromosomal translocations.
These results confirm the role of specific transloca-
tions in PLAG1 up-regulation, unambiguously demon-
strate the monoclonal origin of pleomorphic adeno-
mas, and provide evidence for a common single cell
origin for the epithelial and the mesenchymal compo-
nent of these tumors. They confirm the conclusion of
clonality studies performed by others using the human
androgen receptor gene (HUMARA) assay (Lee et al,
2000; Noguchi et al, 1996). Our results and the results
of others could indicate that pleomorphic adenoma
cells share a common origin from a single uncommit-
ted cell that possesses the capacity for differentiation
into tumor cells of epithelial, mesenchymal, or both
phenotypes. Alternatively, pleomorphic adenomas
could develop from the committed progenitor cells,
eg, from the epithelial basal ductal cells (Batsakis,
1980; Eversole, 1971; Sunardhi-Widyaputra and Van
Damme, 1995). Because of neoplastic transformation,
these progenitor cells could acquire the ability for
uncontrolled proliferation and for conversion into mes-
enchymal cells. The mechanisms by which cells acti-
vate putative mesenchymal master genes and turn off
epithelial genes, are only partially known (Hay, 1995).
In this context, the biologic implications of abnormal
PLAG1 expression in pleomorphic adenoma cells are
not yet fully understood. More data on genes interact-

ing with or induced by overexpressed PLAG1 need to
be accumulated before any conclusive interpretation
of pleomorphic adenoma tumorigenesis is possible.

Materials and Methods

Construction, Production, and Purification of
Recombinant GST-PLAG1 Fusion Proteins and Generation
of Specific PLAG1 Antibodies

The amino terminal part of PLAG1 fused to GST,
GST-PLAG1 (N2-C41), was obtained by digesting
GST-PLAG1 (N2-C244) (Voz et al, 2000) with StuI and
XhoI, blunt ending, and recircularization. The carboxyl
terminal part of PLAG1 fused to GST, GST-PLAG1
(N341-C500), was obtained by digesting GST-PLAG1
(N236-C500) with EcoRI and NdeI, blunt ending, and
recircularization. The GST-PLAG1 (N236-C500) was
obtained by cloning an EcoRI-XhoI–digested PCR-
amplified fragment into the EcoRI-XhoI–digested pG-
STag vector (Ron and Dressler, 1992). The oligonucle-
otides used to generate the constructs were G8N236
(5'-CCCGAATTCACAATCAAGAGCTTCTGAAG-3'), and
G8C500 (5'-GGGCTCGAGCTACTGAAAAGCTTGATG-
GAAAC-3'). GST-PLAG1 (N2-C41) and GST-PLAG1
(N341-C500) were expressed in Escherichia coli BL-21
cells and purified on Glutathione Sepharose 4B beads
(Pharmacia, Piscataway, New Jersey) according to the
manufacturer’s protocol. The protein sizes were esti-
mated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) followed by Coomassie
blue staining, and concentrations were determined by
comparison with a well defined concentration marker.
These purified proteins were used for the antibody
generation. Rabbits were injected with the purified pro-
teins (300 �g to 700 �g of protein for each injection) in
complete adjuvant, and boosting with proteins diluted in
incomplete adjuvant were repeated every 4 weeks for 20
weeks. The rabbit serum was tested for immunoreactiv-
ity against GST-PLAG1 and full-length PLAG1 proteins
expressed in reticulocytes lysates by Western blot
analysis.

Western Blot Analysis

PLAG1 proteins were obtained by in vitro translation
(TnT Kit; Promega, Madison, Wisconsin) using the
pCDNA3-PLAG1 expression vector containing the
complete open reading frame of PLAG1 preceded by
its own Kozak sequence (Voz et al, 2000). Five micro-
liters of the translated products were loaded on a 10%
polyacrylamide gel. After separation by size, proteins
were transferred by electrophoresis to nitrocellulose
membranes. The membranes were incubated with the
antibodies against the amino terminal part (PEM195)
and the carboxyl terminal part (PEM190) of PLAG1
(diluted 1:1000), followed by an incubation in
peroxidase-labeled swine anti-rabbit secondary anti-
body (diluted 1:2000, PROSAN; DAKO, Glostrup, Den-
mark). Detection was performed using the Renais-
sance detection kit (PerkinElmer Life Science
Products, Boston, Massachusetts) according to the
supplier’s instructions.
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Histologic and Immunohistochemical Study

Serial, 5-�m-thick frozen sections from the nontu-
moral part of parotid tissue and from primary parotid
pleomorphic adenoma with 46,XY,t(3;8)(p21;q12)
karyotype were used. Routine hematoxylin and eosin
staining confirmed the histopathologic diagnosis. Im-
munohistochemical studies were completed using
polyclonal rabbit antibodies to PLAG1 (diluted 1:60,
PEM190 and PEM195) and BCL-2 (diluted 1:10; Da-
kopatts, Glostrup, Denmark), and monoclonal anti-
bodies against a mixture of low molecular weight
cytokeratins (diluted 1:50, KL1, M42128M; Biodesign
International, Kennebunk, Maine) and vimentin (diluted
1:30; DAKO), using an indirect peroxidase procedure.
Briefly, the serial frozen sections were dried overnight
and fixed either in cold, buffered 4.0% paraformalde-
hyde (for PLAG1 immunoreactivity) or absolute ace-
tone (for other proteins) for 10 minutes. After fixation,
tissue sections were pretreated with either swine or
mouse serum for 7 minutes and incubated with the
selected primary antibodies. Peroxidase-conjugated
swine anti-rabbit (diluted 1:100, SWAR/PO; DAKO) or
rabbit anti-mouse Ig (diluted 1:50, RAM/PO; DAKO)
were applied as the secondary antibodies, in PBS (pH
7.2), containing 10% normal human AB-serum. Each
antibody incubation was for 30 minutes at room tem-
perature and was followed by three washes in PBS
(pH 7.2). Finally, sections were incubated for 10 min-
utes in 0.05 M acetate buffer (pH 4.9) containing
0.05% 3-amino-9-ethylcarbozole and 0.01% H2O2,
resulting in a red precipitate, and were lightly counter-
stained with Mayer’s Haemalum stain. Negative con-
trols were prepared by replacing the primary antibody
with preimmune serum.

Cytogenetic Analysis

Four pleomorphic adenomas of the salivary glands
were retrieved from the tumor bank of the Center for
Human Genetics, Catholic University of Leuven. All
were primary tumors originating from the parotid gland
in previously untreated patients. Chromosome met-
aphases of tumor cells were prepared from short-term
primary cultures according to a routine method. Two
pleomorphic adenomas demonstrated 8q12 rear-
rangement, carrying recurrent t(3;8)(p21;q12) and
t(5;8)(p13;q12) translocations. Two other tumors, with
clonal t(3;12)(p25;q15) and t(X;2)(p11;q35) transloca-
tions as the sole anomalies, were selected for the
control study.

FISH Analysis

FISH analysis on metaphase chromosomes was per-
formed to confirm the involvement of CTNNB1 and
LIFR genes in cells carrying specific translocations.
Double-color FISH analysis, using as probes
digoxigenin- or biotin-labeled inter-Alu PCR products
of YACs 935E9, 906F4, and 750D3 clones (specific for
PLAG1, LIFR, and CTNNB1 genes, respectively) (Kas
et al, 1997; Voz et al, 2000), was performed as
previously described (Dierlamm et al, 1996). After

dehydration and air drying, chromosomes were coun-
terstained with DAPI and mounted with antifade solu-
tion. Hybridization signals were analyzed with an Ax-
ioplan 2 fluorescence microscope equipped with a
cooled CCD camera and run by Cytogen TM system
for capture and software analysis (Imstar S.A., Paris,
France).

Triple-Color Immunofluorescence and FISH Analysis

Primary in-situ cultures were obtained from the origi-
nal single-cell suspensions of tumor cells and grown
to 40% to 60% confluence for 3 days. The cells were
fixed in cold acetone followed by methanol (5 minutes
each) and air-dried. Cells were permeabilized and
blocked in PBS containing 0.2% Triton X-100 and
0.5% blocking reagent (Boehringer Mannheim, Mann-
heim, Germany) for 30 minutes at room temperature.
Subsequently, the slides were incubated with poly-
clonal rabbit antibodies to PLAG1 (diluted 1:50,
PEM195 or PEM190) in PBS with 0.5% blocking
reagent (PB) for 1 hour at room temperature; followed
by incubation with Texas-Red–conjugated donkey
anti-rabbit secondary antibody (diluted 1:100; Amer-
sham Pharmacia Biotech, Uppsala, Sweden) in PB
for 1 hour at room temperature. The slides were
incubated with the polyclonal goat antibody to vimen-
tin (diluted 1:50, C-20; Santa Cruz Biotechnology,
Santa Cruz, California) in PB for 1 hour at room
temperature, followed by FITC-conjugated rabbit anti-
goat secondary antibody (diluted 1:100; Jackson
ImmunoResearch Laboratories, West Grove, Pennsyl-
vania) in PB for 1 hour at room temperature. Finally,
slides were treated with a monoclonal mouse antibody
to cytokeratin (diluted 1:50, MO717; DAKO) in PB for 1
hour at room temperature, followed by incubation with
a goat AMCA-conjugated anti-mouse antibody (dilut-
ed 1:2000, Alexa 350; Eugene, Leiden, The Nether-
lands) in PB for 1 hour at room temperature. Each
detection step was followed by three washes for 10
minutes each in PBS containing 0.2% Triton X-100.
After the last wash, slides were mounted in Vectash-
ield (Vector Laboratories, Burlingame, California)
mounting medium. Fifty randomly chosen cells from
each slide were photographed using an Axioplan
2-fluorescence microscope (Imstar S.A., Paris,
France). Subsequently, FISH was performed on the
same slides using the probes described above, and
the cells were photographed again. Comparison of
immunofluorescence and FISH images allowed iden-
tification of cells with chromosome translocations
within the populations of diverse cellular phenotype.
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