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The molecular mechanisms underlying salivary gland tumorigenesis remain unclear. In order to identify genetic
changes that occur during the development of invasive adenocarcinoma from normal salivary gland, we used
the Smgb-Tag transgenic mouse model. This transgene induces the progressive development of dysplasia to
invasive adenocarcinoma in the submandibular salivary gland. Gene expression patterns from 20 submandib-
ular glands (two normal, nine dysplasia and nine adenocarcinoma samples) were assessed using a mouse 15K
cDNA array. Unsupervised hierarchical clustering was used to group gene expression based on 157
differentially expressed genes distinguishing between dysplasias and adenocarcinomas. Further analysis
identified 25 significantly overexpressed and 28 underexpressed cDNA sequences in adenocarcinoma as
compared to dysplasia. Differential expression of five genes (Lcn2, Ptn, Cd24a, Mapk6 and Rnps1) was
validated by quantitative real-time RT-PCR in a total of 48 mouse salivary gland tissues (seven histologically
normal, 13 dysplasias and 28 adenocarcinomas), including the 20 samples analyzed by cDNA arrays.
Immunohistochemical analysis was used to validate the expression of Ptn and Cd24a at the protein level in a
subset of 16 mouse salivary glands (four normal, five dysplasia and seven adenocarcinoma samples), as well as
in 23 human submandibular gland tumors (16 pleomorphic adenomas, three adenoid cystic carcinomas, one
acinic cell carcinoma, one adenocarcinoma NOS, one myoepithelial and one mucoepidermoid carcinoma). We
thus demonstrated that the Smgb-Tag transgenic mouse model is a useful tool for the identification of genes
that are deregulated in salivary gland adenocarcinomas. Our data suggest that Ptn and Cd24a may be genetic
markers associated with salivary gland tumorigenesis and/or progression.
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Salivary gland tumors are a heterogeneous and
relatively rare class of head and neck cancer, with
several histologically diverse subtypes, such as

carcinoma ex-pleomorphic adenomas, adenoid cys-
tic carcinomas (ACC), mucoepidermoid carcinomas
(MECA) and acinic cell carcinomas (AcCA).1 Risk
factors may include external radiation to the head
and neck, viral infection, and exposure to carci-
nogens.2 The morphological origin and clinical
behavior of these tumors differ from the majority
of other head and neck tumors, which are squamous
cell carcinomas; their genetic origins remain to be
elucidated.
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Recently, global gene expression profiling has
allowed investigation of genetic changes associated
with such poorly understood tumors, assessing the
expression of thousands of genes simultaneously.
Microarrays have recently been used to under-
stand the molecular basis of tumor initiation and
progression in breast cancer,3 meningiomas,4 soft
tissue tumors5 and head and neck squamous cell
carcinomas.6–10

Earlier reports of genetic alterations in human
salivary gland malignancy focused on cytogenetic
abnormalities, molecular changes involving large
chromosomal regions, or a few selected genes.11–16

However, little is known about genome-wide ex-
pression changes and their correlation with the
development and progression of human salivary
gland tumors. Only a few reports have used
microarrays to examine deregulated gene expression
in human salivary gland tumors. Microarray studies
have identified distinct gene expression profiles
between papillary cystadenoma lymphomatosum
and pleomorphic adenoma (PA),17 ACC vs normal
salivary gland samples,18 and targets of the PLAG1
(Pleomorphic adenoma gene) proto-oncogene in PAs
of salivary gland.19 These studies were performed
using various different subtypes of human salivary
gland tumors. In our study, by using a transgenic
mouse model of salivary gland malignancy, we
sought to minimize the genetic heterogeneity due
to the analysis of multiple subtypes of this tumor, by
focusing on only one subtype.

Transgenic mouse models of cancer allow a
detailed understanding of the biology of tumor
development and progression, and have been
widely used for the identification of genes and
pathways associated with human cancer.20,21 The
completion of the mouse, Mus musculus, genome
sequence has greatly contributed to the genomic
analysis of cancer using mouse models.22 For
example, transgenic mouse models have recently
been used to study genetic changes associated with
human astrocytomas,23 as well as acute promyelo-
cytic leukemia.24,25

Previously, one of us worked with a transgenic
mouse line (Smgb-Tag) that develops submandibular
gland adenocarcinoma of intercalated duct origin.26

In these mice, the oncogene SV40T antigen (Tag) is
expressed from the neonatal submandibular gland
secretory protein-b (Smgb) gene promoter. Expres-
sion of Tag within the salivary gland results in the
development of gland dysplasia in all animals by 3–
4 months of age. This disease progresses to invasive
salivary gland carcinoma in 450% of male mice
by the age of 12 months. We thus reasoned that
the Smgb-Tag mice could serve as a good model to
study the molecular genetic events involved in the
development and progression of the salivary duct
adenocarcinoma.

Our aim was to correlate histological progression
of disease with gene expression, in order to identify
genes associated with salivary gland tumor deve-

lopment and progression. We identified a subset
of differentially expressed genes in murine sub-
mandibular gland adenocarcinoma as compared to
dysplasia. The identification of such genetic differ-
ences may allow us to further understand human
salivary gland tumorigenesis using mouse model
systems.

Materials and methods

Transgenic Mice and Animal Care

The Smgb-Tag transgenic mouse line expresses the
Tag from the Smgb gene promoter, and exhibits
progression of normal submandibular gland to
dysplasia and to invasive adenocarcinomas.26 Mice
were maintained at the Animal Resource Center
of the Ontario Cancer Institute/Princess Margaret
Hospital, Toronto, Ontario, Canada. All animal
experiments were performed in accordance with
the Public Health Service Policy on Humane Care
and Use of Laboratory Animals. Mice were sacrificed
at the first sign of illness (ie, weight loss, loss of
appetite or lethargy).

Diagnosis of Salivary Gland Abnormalities

Dysplastic ducts showed accumulation of cells with
enlarged, hyperchromatic nuclei and readily identi-
fiable mitoses. Ductal in situ carcinomas were
diagnosed when clusters of dysplastic glands were
evident. These clusters exhibited increased accu-
mulation of atypical cells, but without invasion or
replacement of the surrounding gland parenchyma.
Invasive carcinoma was defined when adjacent
parenchyma was replaced by proliferation of malig-
nant cells and/or when the supporting stroma was
invaded by the same cells.

Harvesting and Fixation of Mouse Submandibular
Glands

Mouse submandibular glands were dissected at
various time points. Samples were collected in
duplicate: one piece was sent for histopathological
examination, while the other was snap-frozen in
liquid nitrogen and subsequently used for RNA
extraction and microarray analysis. For histopatho-
logical analysis, we used two fixation procedures.26

Samples were fixed in 10% neutral-buffered for-
malin or in methacarn (10% acetic acid, 90%
methanol) overnight at 41C and paraffin-embedded.
Five micrometer sections were cut from the paraffin
blocks and placed on slides using standard techni-
ques. In order to determine the histopathological
diagnosis, slides were stained with hematoxylin and
eosin, and analyzed by a pathologist (CM) to ensure
the presence of 480% malignant cells in the
adenocarcinoma glands.

Molecular profiling of salivary gland tumors
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RNA Extraction

Salivary gland tissues were homogenized and total
RNAwas extracted using a guanidinium isothiocya-
nate-acid phenol procedure (TRIZOL LS Reagent,
GIBCO BRL, Rockville, MD, USA), and purified on a
Qiagen mini-column (Qiagen, Valencia, CA, USA).
RNA quantity was determined by spectrophoto-
metry and quality by electrophoresis on a 1% de-
naturing formaldehyde agarose gel.27 RNA from all
samples was found to be suitable for cDNA micro-
array analysis.

cDNA Microarrays

cDNA microarrays were performed on 20 mouse
salivary gland tissue samples, including two histo-
logical normal, nine dysplasia and nine adenocarci-
noma samples. Mouse 15K1 cDNA arrays containing
15 286 sequences and 314 control spots were pur-
chased from the Microarray Centre, Ontario Cancer
Institute, University Health Network, Toronto, ON,
Canada. Information regarding the 15K1 clone
set is available at http://www.microarrays.ca/
support/glists.html. Labelling and hybridization
were performed as previously described.9 Gene
fluorescence intensities were quantified using
GenePix Pro 3.0 software (Axon Instruments, Foster
City, CA, USA). Scatter plots of the Cy3 and
Cy5 fluorescence intensities were evaluated in
order to confirm that the Cy5/Cy3 fluorescence
intensity ratios were consistent between experi-
ments. Cy3 and Cy5 channels were normalized
based on the average intensity for each subarray,
and target sample/reference ratios were calculated
for each spot. Experimental replicates with recipro-
cal fluorochrome labelling were performed for each
sample and the expression ratio for each gene on the
15K1 array was averaged.

Data Normalization

Cy3 and Cy5 channels were normalized using the
Normalize Suite (v.1.63) software package (www.
utoronto.ca/cancyto). This method normalizes sec-
tions of the array rather than the whole array, thus
compensating for variations in background. The mean
background intensity was subtracted from mean
foreground, excluding differences in background,
flagged spots, saturated spots, and ghost spots (with
less than 50% intensity) across the array. Duplicate
spot intensities were averaged. Experimental repli-
cates with reciprocal fluorochrome labelling were
performed for each tumor sample. The replicate
expression ratio for each gene was averaged.

Clustering

In order to cluster gene expression across the 20
experimental samples, data were quantified using

Imagene (Biodiscovery) software version 5 (http://
www.biodiscovery.com/imagene.asp) and analyzed
by hierarchical Eisen Cluster.28 In this analysis, only
genes that were present in 480% of the samples
and with at least two- fold over- or underexpression
were included. Unsupervised Average Linkage
Hierarchical Clustering was applied to arrange both
genes and samples into groups. Cluster of samples
(dendogram) and cluster of gene expression were
visualized using Tree View.

Significance Analysis of Microarrays (SAM)

In order to reduce the false discovery rate and to
identify statistically significant differentially ex-
pressed genes among normal, dysplasia and adeno-
carcinoma samples, we applied SAM (http://
www-stat.stanford.edu/~tibs/SAM/index.html).

Validation of Microarray Data

Quantitative real-time RT-PCR
Validation of microarray results was performed
in a total of 48 mouse salivary gland tissues,
including the 20 samples analyzed by cDNA mi-
croarrays. Quantitative real-time RT-PCR was
performed using the ABI Prism 7700 Sequence
Detection System (PE Applied Biosystems), and
SYBR Green I, following our previously reported
protocol.29 This fluorescent dye binds to the double-
stranded DNA, allowing the quantitative detection
of products during amplification by the polymerase
chain reaction. Data were quantified and analyzed
using Sequence Detection System software (version
1.7) from PE Applied Biosystems. The relative
quantification of target gene expression in unknown
samples was accomplished by measuring the cycle
number (Ct), at which the amount of amplified target
reaches a fixed threshold is related to the amount of
starting target; the higher the starting copy number
of template, the fewer number of cycles it takes to
reach a point in which the fluorescence is first
recorded as statistically significant above back-
ground. In this analysis, 2 mg total RNA from each
sample were used for reverse-transcription in a
20 mL reaction volume. Subsequently, 1mL of the
RT product was used for PCR amplification. We
quantified the expression of the structural gene b-
actin as an internal control, which allowed normal-
ization of the amount of starting cDNA in the
reactions.

Analysis of Quantitative Real-Time RT-PCR Results

DDCt method
The relative quantification of the test and reference
samples was determined from Ct values in duplicate
for each target and internal control gene (b-actin).
DCt values were calculated for each sample, as
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follows: Duplicate Ct values were averaged and
subtracted to obtain DCt [DCt¼Ct (target gene) � Ct
(b-actin)]. Relative expression levels were deter-
mined to be 2�DDCt, where DDCt¼DCt (target sample)
� DCt (reference sample). For the reference sample,
DDCt equals zero, and 20 equals one, so there is no
change in the reference sample expression, by
definition. For the unknown samples, evaluation
of 2�DDCt indicates the fold change in gene expres-
sion relative to the reference sample.30

Standard Curve

A standard curve was constructed, using five serial
dilutions of cDNA synthesized from 2mg of mouse
universal RNA (standards). Dilutions of cDNA were
used to ensure that amplification efficiencies of
target and internal control genes were similar.
Reactions were not considered in the analysis and
were repeated if a correlation coefficient of less than
0.99 was obtained.

Genes and Primers

Five of the 53 genes identified by SAM analysis
(Ptn, Cd24a, Lcn2, Rnps1, Mapk6; see Tables 1
and 2) were selected for validation. These five genes
were selected because they were the most signi-
ficantly differentially expressed. Using bioinfor-
matics tools and international databases (eg http://
www.ncbi.nlm.nih.gov/LocusLink), we determined
whether these genes could potentially play an
important role in tumorigenesis. cDNA sequences
described in these databases were used to design
primers, using Primer Express software (version 1.5)
(PE Applied Biosystems, Foster City, CA, USA).
Primer and cDNA sequences were subjected to
BLAST searches (www.ncbi.nlm.nih.gov/BLAST)
to confirm identity and specificity, and are available
upon request.

PCR Amplification

Reaction mixtures contained cDNA reverse tran-
scribed from 2mg total RNA from each sample
and from mouse universal RNA (Stratagene, Van-
couver, BC, Canada), 10 mM of each primer and
12.5 ml of 2X SYBR Green I PCR Master Mix (PE
Applied Biosystems), including SYBR Green I, 0.5
units of AmpErase uracyl-N-glycosylase (UNG), 1.25
units of Ampli-Taq Gold DNA polymerase, and
200 mM dNTPs. Thermal cycling conditions were
501C for 2min (for UNG enzyme activity), 951C for
10min, and 40 cycles at 951C for 15 s followed by
601C for 1min. Each assay included five dilutions of
mouse universal cDNA and a nontemplate control.
Experiments were performed in duplicate for each
sample in the same reaction plate and repeated
when a coefficient of variation higher than 5% was

observed. Target genes and the b-actin internal
control gene were amplified in the same reaction
plate.

Immunohistochemistry

Immunohistochemical analysis was performed for
protein products of two genes (Ptn and Cd24a), for
which quantitative real-time RT-PCR showed con-
sistent results and for which antibodies were
commercially available. Unfortunately, commercial
antibody was not available for Lcn2.

Immunostaining for Ptn and Cd24a in Salivary Gland
Tissue Sections

In all, 4–5 mm thick sections were cut from paraffin-
embedded tissue blocks. Immunohistochemical
staining for Ptn and Cd24a was performed using
the Avidin–Biotin method following standard pro-
tocols.31 Briefly, slides were deparaffinized
in xylene, hydrated, then incubated with 0.5%
(v/v) H2O2 in methanol for 20min, to block
any endogenous peroxidase activity. Slides were
then washed with Tris-Buffered Saline (TBS)
and heated for 15min at 1001C in 10mM sodium
citrate buffer (pH 6.0) for antigen retrieval. Sections
were incubated with primary antibody against
mouse and human Ptn (H-75; stock 200ng/ml;
diluted 1:300) or Cd24a (FL-80 stock 200ng/ml,
diluted 1:300) in antibody diluent (Dako Co.,
CA, USA) for 16 h at 41C. Both the primary
antibodies were obtained from Santa Cruz Biotech-
nology Inc., CA, USA. The primary antibody was
detected using Avidin–Biotin complex by the ABC
method using the Dako LSAB plus kit (Dako Co., CA,
USA). The color was developed using diaminoben-
zidine (DAB) as the chromogen. The slides were
washed with TBS, three times for 5min each
after every step. Finally, the slides were counter-
stained with Mayer’s hematoxylin and mounted
with D.P.X. mountant. For negative controls, the
appropriate antibody was omitted and either the
antibody diluent alone or isotype-matched IgG
serum was used.

Positive Criteria for Immunohistochemical Staining

Tissue sections were graded as Ptn and Cd24a
immunopositive if Z10% of the cells showed
cytoplasmic staining. Ptn and Cd24a expression in
the tissue sections was evaluated using a semiquan-
titative scoring system: 0 for absent or detectable
immunostaining in o10% cells, þ 1 for 10–30%
positive cells, þ 2 for 31–60% positive and þ 3 for
460% positive cells. The immunostaining was
evaluated in five areas of the slide sections for
correlation and confirmation of the tissue analysis.
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Table 1 Classification by function of the 53 significantly differentially expressed genes in adenocarcinoma vs dysplasias of
submandibular gland in transgenic mice

Green represents underexpression and red, overexpression of genes in the adenocarcinomas relative to dysplasias.
N/A: Source clone ID only.
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Results

Histological Findings

Smgb-Tag transgene expression results in subman-
dibular gland tumor development and progression
in this mouse model. Early dysplastic changes
were seen in the salivary gland by 2.5 months of
age, and adenocarcinoma by 10–12 months.26

Salivary gland adenocarcinomas developed in
B50% of male mice and o1% of female mice.
Transgenic mice exhibited abnormalities only in
submandibular glands. No histological changes
were observed in the parotid or sublingual glands,
or in any other organs.

Histology of the submandibular glands ranged
from normal (Figure 1a) to dysplasia (Figure 1b) to
invasive adenocarcinoma of the intercalated ducts
(Figure 1c), and correlated with the age of
the mouse. All invasive carcinomas showed large
islands and sheets of tumor cells that contained
glandular lumens, and many of them exhibited foci
of necrosis. Most tumors were moderately differ-
entiated; however, some were poorly differentiated,
with a solid growth pattern and occasional areas
of spindled cells, reminiscent of sarcomatoid carci-
noma. Mice with invasive adenocarcinomas also
showed duct dysplasia and carcinoma in situ in
adjacent submandibular gland tissue. Malignant
cells showed moderate pleomorphism with hyper-
chromatic nuclei and an increased number of
mitoses. Their cytoplasm was lightly eosinophilic
and/or slightly granular, however, neither acinic
cells nor mucinous differentiation were identified.

cDNA Microarray Results

Mouse 15K1 cDNA arrays were used to determine
the gene expression profiles of two histologically
normal salivary glands, nine dysplastic lesions,
and 9 invasive salivary gland adenocarcinomas

harvested from transgenic mice. Results were
analyzed using unsupervised hierarchical Eisen
clustering. This method organizes genes and experi-
ments into groups, and may be used to delineate
clinically relevant patterns in a diverse set
of samples.32 Clustering was based on 157 differen-
tially expressed genes distinguishing between
dysplasias and adenocarcinomas. Three salivary
gland dysplasias (25D, 26D and 27D) clustered
together with the adenocarcinomas (Figure 2).
Further histological analysis of these dysplasias
revealed that they also contained a small region of
carcinoma in situ, in addition to dysplastic inter-
calated ducts. As the whole tissue sample was
processed and used for microarray analysis, it is
likely that the presence of a mixed cellular popula-
tion is responsible for these dysplasias being more
similar to the adenocarcinomas. Both histologically
normal samples (10N and 32N) clustered together
with the dysplasias (Figure 2). This observation
suggested that the histologically normal tissues were
more similar to the dysplasias than to the adeno-
carcinomas.

Further statistical analysis using SAM identified
53 genes as being statistically significantly deregu-
lated between adenocarcinomas and dysplasias. Of
these, 25 were overexpressed and 28 were under-
expressed in carcinomas, relative to dysplasias.
These sequences were classified as growth factors,
mitogen-activated protein kinases, transmembrane
and cell–cell signalling proteins, transcription fac-
tors, cell surface antigens, and cytoskeleton-asso-
ciated proteins (Table 1), based on functional
annotation using the Nucleotide, LocusLink and
Unigene tools from NCBI (http://www.ncbi.nlm.
nih.gov/). Several of these proteins are involved
in mechanisms crucial to tumor biology, such
as angiogenesis, apoptosis, and metastasis. In addi-
tion, a number of ESTs of unknown function
with significantly deregulated expression were also
detected.

Table 2 Function and mapping information of the five genes selected for validation

Unigene ID Gene symbol/name Mouse
chromosome

Human
chromosome

Function

Mm. 9537 Lcn2/lipocalin 2 2B 9q34 Binding/transport of small hydrophobic
molecules

Mm. 3063 Ptn/pleiotrophin 6B1 7q33–q34 Growth-associated protein, signalling molecule
with putative role in apoptosis and bone
formation

Mm. 6417 Cd24a/Cd24a antigen 10B2 6q21 Cell surface antigen/defense response

Mm. 1951 Rnps1/ribonucleic acid
binding protein S1

17A3.3 16p13.3 Nucleic acid binding protein/may play a role in
regulation of splicing and transcription

Mm. 18856 Mapk6/mitogen-activated
protein kinase 6

9D 15q21 Protein kinase, plays a role in signalling
regulating cell division
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AA Mäkitie et al

952

Laboratory Investigation (2005) 85, 947–961



Validation of Gene Expression

Quantitative real-time RT-PCR
We selected five genes for validation by quantitative
real-time RT-PCR: lipocalin 2 (Lcn), pleiotrophin
(Ptn), Cd24a antigen (Cd24a), mitogen-activated
protein kinase 6 (Mapk6) and ribonucleic acid-
binding protein S1 (Rnps1). Criteria for selection
included gene function, potential involvement
in malignancy, presence of human homologues,
and statistically significant differential expression
levels between dysplasias and adenocarcinomas
(Table 2). Validation was performed in all 20 mouse
salivary gland samples analyzed by cDNA array,
and in an additional 28 mouse salivary gland
samples (five histologically normal glands, four
dysplasias and 19 adenocarcinomas). Differential
expression of Lcn2, Ptn, Cd24a, Mapk6, and Rnps1
was validated in all 13 dysplasias and 28 adeno-
carcinomas. The overexpressed genes Ptn and Lcn2
showed higher relative expression in carcinomas
(6.4976.80, 45.28746.71, respectively), compared
to dysplasias (3.7772.31, 11.28719.48, respec-
tively) and normal samples (0.4670.76, 1.4471.17,
respectively), confirming our microarray data. These
differences in expression were statistically signi-
ficant for Ptn (P¼ 0.027) and Lcn2 (P¼ 0.019)
confirming our observation that normal samples

Figure 1 Histological characteristics of mouse salivary gland
samples obtained from the transgenic mouse line Smgb-Tag,
which develops submandibular gland adenocarcinoma of inter-
calated duct origin: (a) normal, (b) dysplasia, and (c) adenocarci-
noma. Magnification: � 400.

Figure 2 Dendogram obtained by hierarchical clustering of the
20 mouse salivary gland samples. Tree view represents the genes
that best distinguish between the distinct histological samples
(normal, dysplasia, and adenocarcinomas). The gene cluster
highlighted contains the genes most differentially expressed
(including the five genes used for validation) between normal,
dysplasia and adenocarcinoma samples.
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showed the lowest mean expression level, followed
by dysplasias and adenocarcinomas. Overexpres-
sion of Cd24a was confirmed in all dysplasias and
adenocarcinomas as compared to normal samples;
however, dysplasias showed higher expression
levels (26.33710.7) compared to adenocarcinomas
(14.678.64) (Figure 3).

Mapk6 and Rnps1 were underexpressed in all
normal tissues, dysplasias and carcinomas as com-
pared to the universal control RNA, as detected by
quantitative real-time RT-PCR. These results did not
validate our cDNA microarray data, which showed
underexpression of these two genes in adenocarci-
nomas and no change in dysplasias (Figure 3).
Although real-time PCR is a very sensitive and
reliable method for gene expression quantification,
we did not proceed with further validation of Mapk6
and Rnps1 expression.

Immunohistochemistry

Having observed, at the mRNA level, overexpression
of Ptn, Lcn2, and Cd24a in dysplasias and adeno-
carcinomas, we sought to further validate our array
results at the protein level using immunohistochemi-
stry. We randomly selected 16/48 mouse salivary
gland samples for immunohistochemical analysis:
four normal tissues, five dysplasias, and seven
adenocarcinomas. Normal mouse salivary glands
were used as controls in all experiments. Ptn
immunostaining was not detected in any normal
tissue section (Figure 4a, Table 3), while 4/5
dysplastic lesions and 7/7 carcinomas were Ptn
immunopositive (Figure 4b and c, respectively;
Table 3). Ptn immunoreactivity was localized to
the cytoplasm of the ductal cells. Occasional nuclear
staining was also observed.

Cd24a staining was detected in 2/4 normal mouse
salivary glands (Figure 4d, Table 3), 4/5 dysplasias
and 7/7 carcinomas (Figure 4e and 3f, respectively;
Table 3). Normal salivary glands showed less intense
staining compared to dysplasias and carcinomas.
Cd24a was predominantly localized to the cyto-
plasm of duct cells; occasional expression was seen
in the extracellular matrix.

Ptn and Cd24a protein expression was also
examined in a subset of 23 human submandibular
gland tumors (16 PAs, three ACCs, one AcCA, one
adenocarcinoma not otherwise specified (Adeno-
NOS), one myoepithelial carcinoma (MCA), and one
mucoepidermoid carcinoma (MECA). Normal sali-
vary gland tissue was present in the majority of
sections adjacent to the tumor. In all normal tissue
sections examined, Ptn and Cd24a expression were
present in the cytoplasm of intercalated ductal cells;
in the majority of normal tissues, expression of both
proteins was observed in 10–30% of cells and
graded as þ 1. In human tumor samples, Ptn and
Cd24a immunostaining was localized to the cyto-
plasm of ductal cells. Ptn expression was observed

in 30–60% of cells (graded as þ 2) in 8/16 PA, 1/3
ACC, and 1/1 MECA. Ptn was expressed in460% of
cells (graded as þ 3) in 6/16 PA, 2/3 ACC, and 1/1
AcCA. Cd24a was expressed in 30–60% of cells in 1/
2 AdenoNOS; 460% of cells showed Cd24a expres-
sion in 16/16 PA, 3/3 ACC, 1/1 AcCA, 1/1 MCA, and
1/1 MECA. These data are summarized in Table 4.

The majority of human samples analyzed were
PAs, a benign salivary gland tumor. PA samples
showed higher expression levels of Cd24a when
compared to Ptn levels. The observation of higher
expression levels of Cd24a in benign tumors agrees
with our real-time PCR data in the mouse samples,
which showed higher levels of Cd24a expression in
dysplasias compared to carcinomas. However,
Cd24a expression levels were also higher than Ptn
expression levels in the MCA and MECA samples.
Therefore, in order to confirm overexpression of
these proteins and to determine whether this
alteration is correlated with different tumor sub-
types, it is necessary to analyze a larger sample set,
including several malignant submandibular gland
tumors, as well as normal salivary gland tissues
from patients with diagnosis of conditions other
than cancer. We are assuming that tissue adjacent to
the tumor is normal; this may not be true from a
genetic perspective. Figures 5 and 6 show represen-
tative examples of Ptn (Figure 5a–f) and Cd24a
(Figure 6a–f) staining in human salivary gland
tissues. Histologically, normal salivary gland adja-
cent to tumor shows Ptn and Cd24a staining in
intercalated ducts. These two proteins showed high
levels of expression in PA, ACC, AcCA, AdenoNOS,
MCA, and MECA compared to histologically normal
samples.

Discussion

Salivary gland neoplasms are a diverse group of
tumors with a spectrum of histological appearance,
degree of differentiation and clinical behavior.
Although benign lesions can usually be controlled
by surgical excision, malignant lesions remain a
therapeutic challenge. In all, 50% of salivary gland
neoplasms are malignant33 and in addition to
surgical morbidity, malignant lesions have a high
rate of local recurrence.34 Thus, it is important to
identify genetic markers useful to distinguish
benign and malignant lesions. Identification of
deregulated genes may help increase effectiveness
of therapeutic intervention and lead to development
of new therapeutic options for salivary gland
adenocarcinomas, which have been treated primar-
ily using surgical approaches. As it is difficult to
obtain fresh tissue samples representative of disease
progression in humans, animal models of salivary
gland tumorigenesis are ideally suited for such
studies. One of us previously characterized the
Smgb-Tag transgenic mouse line and we sought to
assess its utility as a model for studying the
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development and progression of salivary gland
adenocarcinomas.26

Tumorigenesis in the Smgb-Tag mouse model is a
multistep process involving intercalated duct cells.
Hyperplasia of these ducts is apparent in 30-day-old
mice, progressing to dysplasia by 3–4 months of age
and marked dysplasia and carcinoma in situ at 4–6
months of age. Adenocarcinoma is observed in

450% of the adult male Smgb-Tag mice by
12 months of age. The oncogene Tag is detected in
submandibular glands of 3-day-old mice and per-
sists exclusively in altering intercalated duct cells,
carcinomas in situ and adenocarcinomas. Smgb-
Tag mouse submandibular gland tumors resemble
human adenocarcinoma, not otherwise specified
(NOS), a not uncommon neoplasm. Immunohisto-

Figure 3 Comparison between the relative expression levels of the five validated genes in the normal, dysplastic, and adenocarcinomas
mouse samples, as detected by quantitative real-time PCR. The baseline sample is mouse universal RNA, with expression level equal to 1.
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chemical and ultrastructural findings indicate that
intercalated duct cells are the source for carcinoma
in situ and adenocarcinomas.26 With the occasional

tumor cell having zymogen granules, the mouse
submandibular gland tumors also reflect the human
microcystic variant of AcCA, which mainly differ-
entiate into the neoplastic equivalent of intercalated
duct cells.35

There are a few instances of duct cell hyperplasia,
dysplastic phenomena or in situ carcinoma occur-
ring in human salivary gland tumors. For example,
presence of dysplasia and carcinoma in situ in
PAs,36 ductal dysplasia and intraductal carcinoma in
salivary duct carcinoma,37 hyperplasia of parotid
gland intercalated ducts in epithelial–MCAs,38,39

compact foci of intercalated duct-like structures in
benign and malignant tumors,40 and hyperplasia of
striated ducts basal cells and formation of micro-
adenomas in membranous basal cell adenomas.41

Such ductal changes and evidence of dysplasia in
certain human neoplasms indicates that this trans-
genic mouse model has relevance for human
salivary gland neoplasia.

While there are a number of other models of
salivary gland malignancy, few studies examining
gene expression profiles of salivary gland tumor
progression using mouse models exist. For example,
Tilli et al42 showed that the mechanism regulating
the reversal of early-stage salivary gland dysplasia is
cellular differentiation mediated by phosphoryla-
tion of DP-1 (differentiation-related transcription
factor-1 polypeptide-1). One other study assessed
the gene expression profiles of human ACCs of the
salivary gland and compared it to normal salivary
glands.18 The authors identified several genes over-
expressed in carcinomas, including Sox 4 and AP 2a

Figure 4 Representative immunostaining for Ptn and Cd24a staining in mouse salivary gland tissues. (a) and (d): histologically normal
mouse salivary gland, showing no expression of Ptn and Cd24a, respectively, in the ductal cells; some Cd24a staining was seen in the
extracellular matrix. (b) and (e): dysplastic salivary gland showing the ductal cells with cytoplasmic staining of Ptn and Cd24a,
respectively. (c) and (f): adenocarcinoma showing strong cytoplasmic expression of Ptn and Cd24a, respectively. Magnification: � 250.

Table 3 Comparison between the quantitative real-time RT-PCR
and immunohistochemistry results in normal, dysplastic, and
adenocarcinoma samples from the Smgb-Tag transgenic mice

Mouse # Q-RT-PCR Immunohistochemistry

Normal Cd24a fold
change

Ptn fold
change

Cd24
intensity
scoring

Ptn
intensity
scoring

10 6.79 2.18 +2 0
32 4.92 0.23 0 0
5 3.33 0.046 0 0
001 7.59 0.15 +1 0

Dysplasia
25 20.8 1.92 +1 0
26 18.12 5.75 +2 +1
27 14.02 6.32 0 +1
47 26.2 7.31 +1 +2
51 45.7 2.7 +2 +1

Adenocarcinoma
12 5.93 6.91 +1 +1
13 12.42 4.78 +1 +2
14 10.26 2.59 +1 +1
37 20.67 3.79 +2 +1
42 29.6 8.48 +2 +3
43 12.9 9.48 +2 +2
44 34.2 8.36 +2 +1

Intensity scoring: 0 for o10% cytoplasmic expression; +1 for 10–30%
positive cells; +2 for 31–60% positive cells; and +3 for460% positive
cells.
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(transcription factors), laminin b1 and Type IV
collagen a1 (extracellular matrix and basement
membrane components) and Cyclin D1 (cell cycle
regulator). In contrast to this study, Cyclin D1 and
Type IV collagen a1 expression were not altered in
salivary gland dysplasias or adenocarcinomas in our
microarray experiments.

We report overexpression of Ptn and Cd24a, and
their potential involvement in salivary gland malig-
nancy. Our results for Ptn agree with its described
function as an extracellular matrix-associated pro-
tein with mitogenic and angiogenic activities.43

Pleiotrophin is expressed in several normal tissues,
including tongue, larynx and lung (http://www.
ncbi.nlm.nih.gov/UniGene/ESTProfileViewer.cgi?uglist
¼Hs.371249). Its overexpression has been reported
to enhance bone formation and growth in transgenic
mice.44 In addition, a functional study investigating
a panel of angiogenesis-related factors in a

transgenic mouse model that develops mammary
tumors, showed that Ptn is a potential candidate
for angiogenesis-related metastasis.45 Comparative
genomic hybridization and spectral karyotyping
analyses revealed that 7q33–q34, containing Ptn, is
frequently gained in carcinomas of colon, kidney,
parathyroid gland, pancreas, among others (http://
www.ncbi.nlm.nih.gov/sky/webcghdrawing.cgi).

Ptn encodes heparin-binding growth factor 8
and neurite growth-promoting factor 1, and is a
paracrine growth and angiogenic factor produced
by glioma cells, contributing to their malignancy.46

Ptn is essential for the growth of melanoma cells.47

Its overexpression has been associated with progres-
sion of pancreatic carcinoma48,49 and lung cancer,50

and considered an adverse prognostic marker
in hepatocellular carcinoma.51 In a recent micro-
array study of a diverse group of salivary gland
tumors, Ptn was highly expressed in PA compared
to normal salivary gland.52 In our study, as Ptn
expression increased with disease stage in mice, it
may play a similar role in salivary gland tumorigen-
esis, leading to the development of more aggressive
tumors.

Cd24a encodes for the Cd24 antigen (small cell
lung carcinoma cluster 4 antigen), a heavily glyco-
sylated glycosylphosphatidylinositol-linked cell
surface protein, expressed in several tissues, includ-
ing colon, larynx, lung, breast, skin, and tongue
(http://www.ncbi.nlm.nih.gov/UniGene/ESTProfile
Viewer.cgi?uglist¼Hs.375108). The human homo-
logue maps to 6q21, a region frequently involved
in copy number gains in colon carcinoma NOS,
kidney, parathyroid gland, pancreas, lung and
other carcinomas (http://www.ncbi.nlm.nih.gov/sky/
webcghdrawing.cgi).

Overexpression of Cd24a has been associated
with reduced disease-free survival of ovarian cancer
patients53,54 and it has been detected as an indepen-
dent prognostic marker in non-small-cell lung
cancer.55 Furthermore, its high expression has been
associated with invasiveness in breast cancer cell
lines.56 Cd24a expression could be significant for
tumor invasion and dissemination via the blood
stream and the retention of cells in organs via its
ability to interact with endothelial cells.57 We
observed overexpression of Cd24a in dysplasias
and adenocarcinomas; its expression was higher in
dysplasias as compared to adenocarcinomas. Our
observation that Cd24a is higher in dysplasias
suggests that its overexpression might be necessary
for the dysplastic cells to invade the underlying
stromal tissue, leading to the development of
adenocarcinoma.

Although is not known if Ptn and Cd24a interact
in common pathways, it is interesting to note that
their functions are similar, and that they are both
overexpressed in salivary gland adenocarcinoma. It
is possible that these two proteins are not primary
etiological factors in tumorigenesis, but instead are
markers of an as-yet-unidentified upstream event.

Table 4 Immunohistochemical analysis results of Ptn and Cd24a
expression in 23 human submandibular gland tumors

Histopathological diagnosis/
sample number

PTN intensity
scoring

CD24a intensity
scoring

Pleomorphic adenoma
1* +3 +3
4 +2 +3
5 +2 +3
7 +2 +3
8 +2 +3
9 +3 +3
10 +1 +3
11 +2 +3
13 +2 +3
16 +3 +3
18 +3 +3
19 +2 +3
20 +3 +3
21 +1 +3
22 +3 +3
23 +2 +3

Adenoid cystic carcinoma
2 +3 +3
3 +2 +3
15 +3 +3

Acinic cell carcinoma
14 +3 +3

Adenocarcinoma NOS
12 +1 +2

Myoepithelial carcinoma
6 +1 +3

Mucoepidermoid carcinoma
17 +2 +3

The majority of histologically normal tissues adjacent to tumor
showed Ptn and Cd24a expression in 10–30% of cells and were
scored as +1.
*recurrent tumor.
Intensity scoring: +1 for 10–30% positive cells; +2 for 31–60%
positive cells; +3 for 460% positive cells.
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Identification of this putative event becomes impor-
tant in understanding the underlying mechanisms
of salivary gland malignancy.

In order to examine Ptn and Cd24a expression
in human salivary gland tumors, we performed
immunohistochemical analysis of 23 submandibular

Figure 5 Representative immunostaining for Ptn in human submandibular gland tumors. (a): histologically normal salivary gland in an
area adjacent to an ACC, showing Ptn staining specific to intercalated ducts, as indicated by the arrow. (b): MECA showing cytoplasmic
staining of Ptn predominantly in the intermediate cells. (c): adenocarcinoma NOS, showing cytoplasmic staining of Ptn. (d): AcCAwith
microcystic architecture; showing Ptn staining in acinar cells, intercalated ductular cells and glandular cells, NOS. (e): ACC with
perineural invasion; Ptn expression is observed in ductal and myoepithelial cells. (f): PA showing Ptn staining in ductal and
myoepithelial cells. Magnification: �250, except for (f): �100.

Figure 6 Representative immunostaining for Cd24a in human submandibular gland tumors. (a): histologically normal salivary gland in
an area adjacent to a PA, showing Cd24a staining specific to intercalated ducts, as indicated by the arrow. (b): MECA showing
cytoplasmic staining of Cd24a predominantly in the intermediate cells. (c): adenocarcinoma NOS, showing cytoplasmic staining of
CD24a. (d): AcCAwith microcystic architecture; showing Cd24a staining in acinar cells, intercalated ductular cells and glandular cells,
NOS. (e): ACC with perineural invasion; Cd24a expression is observed in ductal and myoepithelial cells. (f): PA showing Cd24a staining
in ductal and myoepithelial cells. Magnification: � 250, except for (f): �100.
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gland tumor samples. The majority of human
samples analyzed were PAs, which showed higher
expression levels of Cd24a when compared to Ptn.
Of the 23 tumor samples, one AcCA (sample #14)
with a predominantly microcystic architecture but
also with solid and follicular patterns was studied.
This tumor contained intercalated ductular cells
and glandular cells, NOS, reminiscent of the
glandular cells observed in many of the Smgb-Tag
mice tumors. This tissue showed high expression
levels of Ptn and Cd24a, with staining in all of
the architectural patterns and cell types present,
including the intercalated ductular and glandular
NOS type tumor cells.

In the majority of cases, histologically normal
tissue adjacent to tumor showed Ptn and Cd24a
expression in 10–30% of intercalated ductal cells.
Although histologically normal, tissue adjacent to
tumor can harbor genetic alterations. It is therefore
necessary to examine Ptn and Cd24a expression
levels in normal salivary gland tissues biopsied from
patients without cancer. Our preliminary data
suggest that Ptn and Cd24a are overexpressed in
human salivary gland tumors, although these results
need to be verified in a larger sample set, including
several types of malignant submandibular gland
tumors as well as normal salivary gland tissue from
patients without cancer. Studies such as these will
allow us to draw more definitive conclusions on the
involvement of these two genes in human tumors.

We were unable to validate the deregulation of
Lcn2 at the protein level due to lack of a commer-
cially available antibody. Lcn2 is an oncogene
involved in cell cycle regulation and belongs to a
superfamily of proteins capable of transporting
small molecules such as retinols and steroids.58 Its
human homologue maps to 9q34 and is expressed
in adult bone marrow, uterus, prostate, stomach,
salivary gland, and other tissues. Lcn2 overexpres-
sion was reported in human pancreatic adenocarci-
nomas,59 and its protein has also been identified in
the urine of patients with bladder cancer60 suggest-
ing its importance as a tumor marker. Microarray
analysis in a mouse model of hepatocellular carci-
noma identified Lcn2 as a differentially expressed
gene, and suggested that this gene may be an
important marker for liver carcinogenesis and
progression.61 Deregulation of Lcn2 thus may be an
important genetic marker associated with salivary
gland malignancy, although its role in tumor
progression remains unclear.

We suggest that Ptn, Cd24a, and Lcn2 may
constitute putative biomarkers of salivary gland
malignancy. Functional analysis of these proteins
as well as corollary studies in a larger number of
human salivary gland tumors from different histo-
logical classifications and subsites are currently
being performed in our laboratory, in order to
elucidate the role of Ptn and Cd24a in human
salivary gland tumorigenesis. These studies will
also allow us to build correlations with relevant

clinicopathological parameters and to determine
whether deregulation of these genes is a primary or
a secondary event in the formation of these tumors.
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AA Mäkitie et al

961

Laboratory Investigation (2005) 85, 947–961


	Molecular characterization of salivary gland malignancy using the Smgb-Tag transgenic mouse model
	Materials and methods
	Transgenic Mice and Animal Care
	Diagnosis of Salivary Gland Abnormalities
	Harvesting and Fixation of Mouse Submandibular Glands
	RNA Extraction
	cDNA Microarrays
	Data Normalization
	Clustering
	Significance Analysis of Microarrays (SAM)
	Validation of Microarray Data
	Quantitative real-time RT-PCR

	Analysis of Quantitative Real-Time RT-PCR Results
	ΔΔCt method

	Standard Curve
	Genes and Primers
	PCR Amplification
	Immunohistochemistry
	Immunostaining for Ptn and Cd24a in Salivary Gland Tissue Sections
	Positive Criteria for Immunohistochemical Staining

	Results
	Histological Findings
	cDNA Microarray Results
	Validation of Gene Expression
	Quantitative real-time RT-PCR

	Immunohistochemistry

	Discussion
	Acknowledgements
	References


