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Phenotypic composition of salivary gland
tumors: an application of principle component
analysis to tissue microarray data
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The tissue organization of the salivary gland is complex, and a large humber of salivary gland tumor entities
with a broad morphologic spectrum are listed, creating tumor classification schema for the salivary glands that
are difficult to understand. In the present study, we attempted to examine how the anatomical components of
the salivary gland are associated with morphological subtypes of tumors. We selected a panel of 12 molecules,
which labeled one or some of the components, with all of the markers covering every component of the salivary
glands. Using tissue microarray, expression profiles of these molecules were examined in four representative
spots from each of 88 salivary gland tumors. The resulting large data matrix was analyzed using principle
component analysis (PCA). We considered the first three eigenvectors to be significant; as the eigenvalues
were more than 1.0 and the cumulative proportion achieved was 67%. Comparison with expression patterns in
normal tissue suggested that the three components represented myoepithelial differentiation, and luminal and
basal cell phenotypes. Then, we compared the PCA results with individual morphologic subtypes. Individual
subtypes were clustered among the three dimensions of the components. This implies that salivary gland
tumors may be well characterized by using only three components.
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Salivary glands are anatomically composed of ducts
and acini. The ducts are subdivided into interca-
lated, striated and interlobular ducts, in each of
which basal cells at the outer side and luminal cells
at the inner side are recognized. The acinar region
consists of serous, mucinous and mixed glands,
although the predominant gland type is, different
among the three major salivary glands, that is, the
parotid glands are rich in serous glands and the
sublingual glands are rich in mucinous glands. The
acini are lined by luminal cells, which are enclosed
by myoepithelial cells. In addition to the complex
tissue organization in the salivary glands, a large
number of tumor entities have been listed, showing
a broad range of morphologic and/or immunohisto-
chemical features. One of the characteristics of
salivary gland tumors is that although pleomorphic
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adenoma constitutes more than half of salivary
gland tumors, the incidence of the other entities is
evenly distributed.” This is in contrast with breast
cancers, which in the majority are ductal carcino-
mas, with mixed tumor, myoepithelioma and ade-
nomyoepithelioma occurring rarely. Therefore, with
salivary gland tumors, it is difficult to achieve a
proper diagnosis occasionally, even using immuno-
histochemical analysis. In the present study, we
attempted to examine how the anatomical compo-
nents are associated with the morphological sub-
types of salivary gland tumors.

For identification of each anatomical component,
we used a panel of markers, each of which
individually labeled one or some of the components,
and together covered every component of the
salivary glands. Although the expression patterns
of CK7, CK8, CK14, CK19, a-smooth muscle actin
(¢SMA), caldesmon and calponin have been re-
ported already,”” there are only a few reports, or
none, describing the expression of p63,** maspin,
14-3-30, CD10° and CD44v6' in salivary gland
tumors. Briefly, the putative functions of these
molecules are summarized as follows. p63 is a
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homologue of p53 and has some relation to stem cell
function.”™"® Maspin is a member of a serine
proteinase inhibitor family (reviewed by Hendrix).**
Transfection of the maspin gene into a mammary
carcinoma cell line promoted aggressiveness of the
tumor cells through increased tumor growth, inva-
sion and metastasis.’® Because maspin expression is
observed in the myoepithelial cells of the breast,
Sternlicht et al'® suggested that myoepithelial cells
play a role as tumor suppressors. Hermeking et al*”
found that 14-3-3¢ is induced by y-irradiation and
by other DNA-damaging agents in a p53-dependent
fashion, and that exogenous expression of 14-3-3¢
causes G2 arrest in the colorectal cancer cell line,
HCT116. Later studies revealed that 14-3-3¢ seques-
ters the Cdc2/cyclin B1 complex in the cytoplasm,
which prevents entry into the mitotic phase, thus
causing mitotic catastrophe.'®'® CD10 is an antigen
well known as common acute lymphocytic leukemia
antigen (CALLA), and recently, expression of this
molecule has been reported in hepatocellular carci-
noma,*® mesonephric tumors,”® trophoblastic tu-
mors,*® breast cancers*’ and endometrial stromal
tumors.?* CD44 is a cellular adhesion molecule and
a complex pattern of CD44 splice variants are
expressed in various cancers (recently reviewed by
Ponta et al).?® CD44v6 is one such variant, and its
expression has been reported to be associated with
more malignant behavior.>*>°

Using these molecules, we describe here a novel
approach in order to achieve the aim of this study.
Principle component analysis (PCA) was applied to
a large data matrix of expression profiles in 88 cases
of salivary gland tumors, obtained by tissue micro-
array. Through shedding light on characteristics of
expression profiles in individual subtypes, the
results should give an overview of the salivary
gland tumors.

Materials and methods
Patients

We studied a series of 88 patients with salivary
gland tumors, selected from a file of the Department
of Pathology and Molecular Diagnostics, Aichi
Cancer Center Hospital. All the specimens were
obtained by surgical resection, fixed with formalin
and embedded in paraffin. The series included 21
cases of pleomorphic adenoma, 12 adenoid cystic
carcinomas, 12 adenocarcinomas not otherwise
specified (NOS), 11 Warthin’s tumors, eight carci-
nomas ex pleomorphic adenomas (five duct carci-
nomas ex pleomorphic adenomas, three
adenocarcinoma NOS ex pleomorphic adenomas),
four salivary duct carcinomas, three mucoepider-
moid carcinomas, two acinic cell carcinomas, and
one each of basal cell adenoma, malignant myoe-
pithelioma, oncocytic carcinoma and epithelial-
myoepithelial carcinoma, in addition to 11 squa-
mous cell carcinomas for comparison. The

Modern Pathology (2004) 17, 803—810

incidence of the subtypes was almost identical to
that of the cohort observed during the past 3 years in
our department, except that the number of pleo-
morphic adenomas examined in our series was
reduced.

Tissue Microarray

In order to represent a whole feature, four spots were
selected per tumor, and tissue microarrays were
constructed with an MTA-1 manual tissue arrayer
(Beecher Instruments, Inc., Silver Spring, MD,
USA). Briefly, selected spots of the donor paraffin
block were punched with a 0.6-mm core needle, and
transferred and arrayed in the recipient block using
the arrayer. Then, serial 4-um-thick sections on
coated slide glasses were prepared for immunohis-
tochemical analysis, similar to the procedure of a
regular paraffin block. Verification of the tissue
microarray has been described previously.?”

Immunohistochemistry

Immunohistochemical examination proceeded ac-
cording to the standard avidin-biotin-peroxidase
complex method using the monoclonal antibodies
listed in Table 1. Optimized dilution of primary
antibodies and antigens retrieval method were noted
in Table 1. In each batch of experiments, a slide
microarrayed various tissues were stained as a
control. Each section stained was evaluated semi-
quantitatively with the following criteria. A more
than moderate intensity of signal was considered as
positive and the proportion was scored as
0 =negative; 1 =less than 25% positive tumor cells;
2=26-50% positive tumor cells; 3=51-75% posi-
tive tumor cells; 4 =more than 76% positive tumor
cells. During the procedure, some of the tissue dots
were noted to be missing and therefore 39 dots were
excluded from the analysis.

PCA

In order to interpret the large data matrix of the
expression profile with the molecules examined, we
applied PCA to the matrix of about 4000 data points
(88 cases x4 dots x 12 molecules), using SYSTAT
Software (SYSTAT Software Inc., Richmond, CA,
USA) and Microsoft Excel (Microsoft, Bellevue, WA,
USA). Briefly, based on original values, individual
data was set among n-dimension space. The first
component was given to maximize the variance of
the data, and the second component was given to
obtain the second largest variance of the data and
makes a right angle with the first component.
Similarly, this was followed by the third compo-
nent. We considered that a component with an
eigenvalue of more than 1.0 was a significant vector.



Results
PCA

Using PCA, we analyzed the data matrix, which was
obtained by four dots from each of the 88 salivary
gland tumors, multiplexed by the 12 molecules
examined. The results indicated that eigenvalues of
the first three components were more than 1.0, and
the cumulative proportion reached 67.1%, indica-
ting that the three components were able to
represent most of the expression pattern of the
individual dots (Table 2). Therefore, the three
components were used for further analysis.

We attempted to gain an insight into the biological
significance of each component. We focused on the
molecules with absolute values of more than 0.5 in
each component score (underlined, Table 2). The
selected molecules shared an average of 70% of the
cumulative component score. This implied that the
molecules were representative of the components.
With the criteria, all of the molecules examined
could be divided into one of the components.

Table 1 Antibodies used in the present study
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Caldesmon, aSMA, CD10, calponin and CD44v6
were selected as representative molecules for the
first component, CK7, CK19 and CK8 for the second
component, and p63, CK14, 14-3-3¢ and maspin for
the third component.

First component

In comparison with the staining pattern in the
normal salivary glands, the molecules selected for
the first component represented the feature of
myoepithelial differentiation (Table 3). «SMA, cal-
desmon and calponin were positive in the myo-
epithelium from acini to intercalated ducts. Pre-
dominant expression of CD44v6 was seen in acinic
cells, whereas basal-sided cells of acini and inter-
lobular ducts were weakly positive. A weak CD10
signal was seen in the myoepithelium, whereas
stromal fibroblasts were also positive in part.

Second component
The eigenvector of the second component was
directed toward the phenotype of luminal cells.

Antibody Clone Supplier Dilution Antigen retrieval
aSMA 1A4 DAKO 1:50 Microwave
p63 4A4 Pharmingen 1:200 Microwave
Maspin G167-70 Pharmingen 1:150 Microwave
CKs8 TS1 Novocastra 1:100 Microwave
CK7 OV-TL20/30 DAKO 1:25 Trypsin
CK19 b170 Novocastra 1:100 Trypsin
CK14 LL002 Novocastra 1:20 Microwave
CD44v6 F10 44-2 Novocastra 1:100 Microwave
CD10 NCL-CD10 Novocastra 1:40 Microwave in EDTA buffer
Calponin CALP Novocastra 1:50 Trypsin
Caldesmon TD107 Novocastra 1:50 Microwave
14-3-30 Polyclonal (N-14) Santa Cruz 1:150 Microwave
aSMA, o-smooth muscle actin; CK, cytokeratin.
Table 2 Component scores for the molecules examined

First component Second component Third component
Caldesmon 0.829 CK7 0.907 14-3-30 0.803
aSMA 0.815 CK19 0.869 p63 0.758
CD10 0.629 CK8 0.833 CK14 0.709
Calponin 0.577 CK14 —0.308 Maspin 0.682
CD44v6 0.537 Maspin —0.252 CD44v6 0.407
14-3-30 -0.471 p63 -0.217 CK8 —0.265
Maspin 0.406 Caldesmon —0.216 CK7 0.228
p63 0.221 aSMA 0.21 Caldesmon —0.191
CK19 —-0.218 CD10 —0.184 CK19 —0.095
CK14 0.176 CD44v6 —0.148 Calponin 0.078
CK8 0.075 14-3-30 0.057 aSMA 0.065
CK7 —-0.017 Calponin 0.007 CD10 —0.01
Proportion 24.07 21.892 21.094
Cumulative proportion 24.07 45.962 67.056

Underlines indicate the molecules which shared 70% or more of the cumulative component score in each component.
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Table 3 Expression patterns in the normal salivary gland

Acinar Intercalated Striated Interlobular
Basal Luminal Basal Luminal Basal Luminal Basal Luminal

Caldesmon ++++ — ++++ - + — _ _

aSMA ++++ - ++++ - + - — —
CD10 + — - - — — - -
Calponin +++ — +++ - + _ _ _
CD44v6 ++ +++ — — — - +++ —
CK7 - - — ++++ - ++++ — ++++
CK19 — — — ++ — ++++ ++ ++++
CK8 — ++++ — ++++ — ++++ ++ ++++
14-3-30 + - + - +++ - ++++ -
p63 ++++ - ++++ - ++++ - ++++ -
CK14 ++++ - ++++ — ++++ — ++++ —
Maspin ++++ - ++++ — ++++ — ++++ ++

++++, >75% of positive cells; +++, 50-75%; ++, 25-50%; +, <25%; —, negative.

Luminal cells from intercalated ducts and acini
were strongly positive for CK19, CK7 and CKa8,
while CK8 and CK19 were also positive in basal
cells in the interlobular ducts.

Third component

For representative molecules of the third compo-
nent, p63, CK14 and 14-3-3¢ and maspin were
selected. These molecules were expressed in basal-
sided cells throughout the salivary gland epithe-
lium. All of these molecules were positive in the
myoepithelium of the acinic region and the basal
cells in the duct regions. Cells positive for 14-3-3¢
were less frequent in the acini than in the duct
regions.

Taken together, PCA categorized the expression
profiles of the salivary gland tumors in the current
series based on the presence or absence of myoe-
pithelial differentiation, luminal cell phenotype and
the features in the basal-sided cell (Figure 1). In
other words, the expression profiles of the salivary
glands tumors were characterized by these three
features.

We then compared the results by PCA with
individual morphological subtypes. As shown in
Figure 1, each morphological subtype made clear
clusters among the three dimensions, suggesting
that the PCA results and morphological subtypes
were well correlated. For example, the distribution
of adenoid cystic carcinoma was restricted to the
positive area of the first component and the negative
area of the second components, while the values of
the third component varied greatly. This implied
that the carcinoma showed myoepithelial differen-
tiation, but lacked the luminal phenotype, with
varied expression of basal cell markers. In another
example, salivary duct carcinoma demonstrated a
lack of myoepithelial differentiation, a positive
luminal cell phenotype, and negative expression of
basal cell markers. This finding is compatible with
the widely accepted concept on the origin or
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differentiation features of salivary duct carcinomas.
The characteristics of individual morphologic sub-
types are summarized in Table 4.

In terms of individual tumors, averaged standard
deviations of the four dots from individual tumors
were 0.51 for the first component, 0.92 for the
second component and 0.61 for the third compo-
nent, in contrast to the overall standard deviations
of 1.75, 1.68 and 1.49, respectively, indicating
clustered distribution of the dots in the individual
tumors. This implied that the expression profiles of
individual cases were relatively uniform. However,
there were some outliers. All four dots of a case of
adenoid cystic carcinoma (ACC6) were distributed
outside the cluster of the other adenoid cystic
carcinomas (Figure 2). Histologically, this case was
not a typical adenoid cystic carcinoma, but a poorly
differentiated, solid variant. The other outlier was a
case of adenocarcinoma NOS. This tumor pheno-
typically resembled a pleomorphic adenoma, but
showed prominent nuclear atypia and infiltration of
the surrounding fat tissue without capsule. The
tumor could not be categorized to pleomorphic
adenoma, and the morphology was very different
from the other adenocarcinoma NOS, examined in
this study. The diagnosis of low-grade adenocarci-
noma NOS was finally made, but the feature of this
tumor was quite unusual.

Discussion

In the current study, recently developed tissue
microarray was used for the analysis. Tissue micro-
array has the advantage of simultaneous comparison
of the expression patterns of many molecules in the
same regions of tumors on the same slide.?®
Simultaneous staining on the same slide reduces
variation due to technical manipulations, and
simultaneous evaluation facilitates the application
of identical criteria throughout the subjects to be
evaluated. Furthermore, the tissue array is beneficial
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Figure 1 Scatter plots of the principle component scores of individual dots (left). Major six subtypes are displayed separately (right).

Table 4 Components and morphological subtypes

N First component

Second component Third component

Myoepithelial diff. Luminal phenotype Basal cellphenotype
Pleomorphic adenoma 21 Yes Variable Variable
Adenoid cystic carcinoma 12 Yes No Variable
Adenocarcinoma, NOS 12 Variable Yes No
Warthin’s tumor 11 No Yes Yes
Squamous cell carcinoma 11 No No Yes
Carcinoma ex pleomorphic adenoma 8 No Yes No
Salivary duct carcinoma 4 No Yes No
Mucoepidermoid carcinoma 3 No Yes Variable
Acinic cell carcinoma 2 Variable Variable No
Basal cell adenoma 1 Yes Yes Yes
Malignant myoepithelioma 1 No No No
Oncocytic carcinoma 1 No Yes No
Epithelial-myoepithelial carcinoma 1 No No No

in the case of heterogeneous staining pattern of the
tumors, which may cause inter- and intra- observer
differences. The region of an arrayed dot is small
enough to reveal a single pattern of the staining, and
heterogeneity is given by differences among the dots
of the individual tumors. These advantages were
exemplified by Torhorst et al,*® who reported better
correlation of p53 staining pattern with clinical

outcome by means of tissue microarray, than con-
ventional whole section analysis. One concern may
be whether a 0.6 um core of tissue used for the
microarray can represent the whole tissue section
and some articles have already addressed this
issue.**** A recent study by Camp et al** showed
that a two-fold redundancy per case can lead to more
than 95% concordance between tissue microarrays
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Figure 2 Example of an adenoid cystic carcinoma outlier. All of the four dots from ACC6 (in red) are apart from the others. The case
shows the peculiar morphologic picture of a poorly differentiated, solid variant.

and whole tissue sections.?’ Indeed, we recently
found that maspin expression in non-small cell lung
cancers was very heterogeneous, and tissue micro-
arrays well represented this heterogeneity.*®

Another benefit of using the tissue microarray is
that it provides a large data matrix. Diagnosis of
salivary gland tumors is very complex because the
salivary gland is composed of various components
and salivary gland tumors may be derived from a
single component or a mixture of components. To
understand this complexity, multivariate analysis is
very helpful. The present study describes a novel
approach, using one such multivariate analysis
based on the large data matrix of expression profiles
of salivary gland tumors.

PCA is a classical statistical method used to
reduce the dimensions of variables.** As it is
difficult to compare the expression pattern of the
12 molecules simultaneously, PCA converts the
reduced variables for ease of interpretation. Indeed,
three principle components were extracted based on
the characteristics of expression patterns using PCA.
In comparison with the expression pattern of normal
cells, the significance of the components could be
accessed; myoepithelial differentiation as the first
component, luminal cell phenotype as the second
component, and a basal/stem cell phenotype as
third component. According to the literature, the
extraction was quite reasonable. All of the myo-
epithelium-associated markers examined make a
single group of the first component. *SMA, calponin
and caldesmon are well-known markers for normal
and neoplastic myoepithelial cells,>*?%® and CD44v6
expression of myoepithelium in the normal salivary
glands has been reported.™

Current histological subclassification schemes for
the salivary glands are largely based on putative
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normal counterparts of the tumors.***” For example,
it is suspected that salivary duct carcinoma is
derived from duct epithelium, while canalicular
adenoma shows differentiation toward duct luminal
epithelium. In the present study, the three compo-
nents of PCA were obtained only by the expression
status of the 12 molecules, and thus, the results of
the PCA should be independent of morphological
subtypes. However, the morphological subtypes
were well clustered among three dimensions of the
PCA characteristics. As shown in Table 4, each
subtype showed distinct patterns. In a recent review,
Zarbo®® noted that the morphologic spectrum of
salivary gland tumors comprised three basic cellular
differentiations, that is, luminal, basal and myo-
epithelial cells, which are important for the biolo-
gical interpretation of the salivary gland tumors.
Most of the tumors keep within the spectrum
between pure ductal luminal differentiation (cana-
licular adenoma) and pure myoepithelial differen-
tiation (myoepithelioma). Our results are consistent
with the concept proposed by Zarbo, and the current
morphological subtypes are roughly characterized
by the three components.

It is of note that markers of the third component
label the basal-sided cells throughout the salivary
glands. Histologically, the basal-side cells were di-
vided into the myoepithelium and the duct basal cells,
but the uniform expression pattern of multiple
molecules appear to label a series of cells that share
a certain function. p63, a homologue of p53, is one of
the markers, and p63 is suspected to play a role in
association with the stem cell function of the
epithelium.” In fact, p63-knockout mice display
aphasia of the salivary glands.''* Regarding one of
the other molecules, we have reported that 14-3-3¢ is
upregulated during cell regeneration.?” Taken together,



in addition to the sphincter function of acini, the
myoepithelium may share a function with duct basal
cells, which may be related to the stem cell function.

There appeared to be several findings in our study
that were inconsistent with data in the literature.
Although malignant myoepithelioma needs to have
myoepithelial differentiation to establish the diag-
nosis, significant deviation of the first component,
suggesting myoepithelial differentiation, was not
revealed, as shown in Table 4. Similarly, epithelial—
myoepithelial carcinoma showed little deviation of
any of the components, whereas luminal and
myoepithelial differentiation could be observed in
the tumor. PCA results in Warthin’s tumor also seem
to disagree with the previous findings because of its
deviation to basal phenotypes. This discordance may
be explained by the trans-entity analysis in this
study. In the raw data of myoepithelial carcinomas,
actin and caldesmon were positive, but the extent
was rather small in comparison with adenoid cystic
carcinomas or some pleomorphic adenomas. Because
PCA generates a functional equation with the stain-
ing score to maximize the variances of the dot-to-dot
distances, it is possible that some principle compo-
nents neglect small scores, and/or overestimate rare
ones. The conversion leads to such artifacts, but the
converted results may represent characteristics from
a trans-entity view, that is, when a score is converted
to a small value by the analysis, the conversion may
suggest that the score is small enough to be negligible
in the general schema of immunophenotypic profiles
across salivary gland tumors.
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