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Plasmacytoid cells in salivary pleomorphic adenoma: an
alternative interpretation of their immunohistochemical
characteristics highlights function and capability for
epithelial -mesenchymal transition

Toannis G. Koutlas, DDS, MS,* Michelle Dolan, MD,” Mark W. Lingen, DDS, PhD, and
Prokopios P. Argyris, DDS, MS, PhD™!

Objectives. Plasmacytoid cells (PLCs) in salivary pleomorphic adenoma (SPA) are regarded as modified neoplastic myoepithelia
and define plasmacytoid myoepithelioma (pMYO). However, histochemically, immunohistochemically and ultrastructurally,
PLCs fail to demonstrate frank myogenous properties. Epithelial —-mesenchymal transition (EMT) may explain the phenotypes in
SPA. Our aim was to evaluate (1) PLCs with accepted or purported myoepithelial and EMT-related markers; and (2) pMYOs for
PLAGT aberrations by using fluorescence in situ hybridization.

Study Design. Eight SPAs with or without PLC-predominance and 3 pMYOs were immunohistochemically studied.

Results. PLCs in SPA and pMYO exhibited strong, scattered to diffuse positivity for K7, rare K14 positivity and were
mostly negative for a-smooth muscle actin, h-caldesmon, and p63/p40. S100 staining was strong and diffuse, whereas
calponin was variable. DOG1 was negative. PLCs in pMYO and PLC-rich SPA exhibited selective or diffuse WT1 and
D2-40 immunoreactivity. EMT markers SNAIL/SLUG exhibited strong and variable immunoreactivity in PLCs in contrast
to weak or absent E-cadherin expression. SOX10 was diffusely and strongly positive. PLAGT rearrangement was present
in T pMYO.

Conclusions. PLCs mostly fail to express myoepithelial markers; PLCs are neoplastic cells adapting to microenvironmental
changes and capable of EMT; and tumors composed solely of PLCs are apparently SPAs depleted of a ductal component. (Oral
Surg Oral Med Oral Pathol Oral Radiol 2019;128:515—529)

Plasmacytoid or hyaline cells (PLCs) in salivary pleo-
morphic adenoma (SPA) are well documented in the lit-
erature and regarded as modified myoepithelial cells. In

possibility of epithelial—mesenchymal transition
(EMT). The concept of EMT in SPA has not been
given appropriate attention,'® although such notion

infrequent cases where PLCs characterize the vast major-
ity of' or the entire neoplastic parenchyma, as seen espe-
cially in minor salivary glands, the neoplasm has been
defined as plasmacytoid myoepithelioma (pMYO).”™
However, ultrastructural,”®  histochemical,”'' and
immunohistochemical®'*"” studies in PLCs have not
confirmed frank evidence of a myoepithelial phenotype.
Indeed, a few investigators have posited a ductal origin
of these cells.”-'*"

PLCs are usually seen in association with a glycos-
aminoglycan-rich and, less often, hyalinized stroma.
Interestingly, besides their classic appearance, PLCs
may exhibit further phenotypic change, adopting a
fusiform or even spindle shape, suggesting the
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was raised many years ago under various descriptions
and terminology.'”'® The limited investigation of this
hypothesis may be related to the perception that (1)
nonluminal cells in SPA are neoplastic modified myoe-
pithelia, the predominant cells in SPA; and (2) the
myxochondroid, osseous, or collagenous stromal varia-
tions are their products.'”*’ Alternatively, EMT may
elegantly explain the plasticity and dynamic transitions
observed in the neoplastic cells of SPAs. If EMT is
occurring, downregulation or upregulation of genes
controlling the EMT process should be evident. Sup-
porting this hypothesis, downregulation of E-cad-
herin®’ and upregulation of SNAIL/SLUG has been
reported in adenoid cystic carcinoma.””

Given our hypothesis that PLCs are nonmyoepithe-
lial cells capable of EMT, we had 3 goals in this

Statement of Clinical Relevance

Plasmacytoid cells in salivary pleomorphic ade-
noma and myoepithelioma fail to consistently
express myoepithelial markers, whereas epithe-
lial—mesenchymal transition may elegantly explain
the plasticity and dynamic transitions observed in
neoplastic cells in this group of salivary gland
tumors.
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project: (1) to study the properties of PLCs with cur-
rently available and accepted or purported immunohis-
tochemical markers of normal and neoplastic
myoepithelium; (2) to investigate the expression of
EMT markers by immunohistochemistry; and (3) to
evaluate cases of pMYO for aberrations of PLAGI by
fluorescence in situ hybridization (FISH), knowing that
PLAGI rearrangements have been infrequently
reported in myoepithelioma (MYO).”**

MATERIALS AND METHODS

Specimen selection and tissue procurement

The present study was approved by the University
of Minnesota Institutional Review Board (IRB
#1406M51491). All cases studied were archived for-
malin-fixed, paraffin-embedded minor salivary gland
tumor tissues. The cohort included 4 SPAs with
PLC predominance, 4 SPAs with insignificant or no
PLC component, and 3 pMYO. Tumors diagnosed
as pMYOs had no or very few neoplastic ductal
structures after multiple consecutive tissue sections.”
Hematoxylin and eosin (H&E)—stained sections
of all tumors were reviewed by 2 of us (I.G.K.,
P.P.A.) to confirm the diagnosis. The clinical infor-
mation is summarized in Table I.

Immunohistochemical analysis of PLCs in minor
salivary gland tumors

For the first part of the study, the immunoprofile of
PLCs in SPAs and pMYO was investigated for the
expression of several critical proteins: structural fila-
mentous components K14 (myoepithelium) and K7
(myoepithelial and acinar/ductal cells), o-smooth mus-
cle actin (e-SMA), calponin and h-caldesmon; p63/p40
(nuclear markers of normal myoepithelia); S100 (S100
protein, a nonspecific marker of neoplastic myoepithe-
lium); and, D2-40 and DOGI1 (novel myoepithelial
markers). For the second part of the study, we investi-
gated EMT-related proteins SNAIL/SLUG, E-cadherin,
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WTl,25 and SOXIO,%‘27 which have also been reported
to be myoepithelial markers. The immunophenotype of
PLCs was analyzed in conjunction with the parenchy-
matous spindle cells of SPA because such a phenotype
may represent a late stage of EMT. In addition to stan-
dard positive controls for all antibodies, normal minor
salivary glands included in the tumors served as internal
controls. All primary antibodies used in this study are
tabulated in Table II.

Fluorescence in situ hybridization

FISH was performed on formalin-fixed, paraffin-
embedded tissue specimens of pMYO by using a
breakapart probe to PLAGI(8ql2.1) (Empire Geno-
mics, Buffalo, NY). Twenty-five to 50 cells were ana-
lyzed for each tumor studied; cells were interpreted as
positive for rearrangement when at least 2 signal
widths separated the 3’ and 5° components of the
probe. To validate the probe and to serve as additional
positive and negative controls for PLAGI genetic aber-
rations, we also tested cases of SPA, epithe-
lial—myoepithelial carcinoma, and carcinoma-ex SPA.

RESULTS

Immunohistochemical features of PLCs in pMYO
and SPA

K7 and K14 expression was positive in normal ductal
and myoepithelial cells. PLCs in pMYO (Figures
IA—1C) and SPA (Figures 1D—1F) exhibited strong
and scattered to diffuse, membranous and cytoplasmic
positivity for K7 and rare focal K14 positivity (see
Figures 1A—1F), whereas the spindle cell population
of SPA appeared, overall, K7- and Kl4-negative
(Figures 1G—11).

Normal myoepithelia were positive for «-SMA, cal-
ponin, and h-caldesmon. The vast majority of PLCs
were negative for «e-SMA (Figures 2A and 2F) and uni-
formly negative for h-caldesmon (Figures 2B and 2G).
Rare «o-SMA-positive cells were observed at the

Table I. Presentation of the clinicopathologic characteristics and PLAG] rearrangement status of the minor salivary
gland neoplasms with prominent PLC component analyzed in this study

Case No. Age/Sex Location Histopathologic diagnosis PLAGI rearrangement status
1 42/M Hard palate PLC-rich SPA Positive

2 26/F Hard palate PLC-rich SPA Hybridization failed
3 21/F Hard palate PLC-rich SPA Positive

4 81/M Hard palate PLC-rich SPA Hybridization failed
5 56/M Hard palate SPA Positive

6 48/F Upper lip SPA Positive

7 39/F Soft palate SPA Positive

8 15/M Upper lip SPA Negative

9 35/F Maxillary vestibule pMYO Negative

10 93/F Maxillary vestibule pMYO Positive

11 53/M Hard palate pMYO Negative

PLC, plasmacytoid cells; pMYO, plasmacytoid myoepithelioma; PLAG1, pleomorphic adenoma gene 1; SPA, salivary pleomorphic adenoma.
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Table II. Collective presentation of the primary antibodies used for the immunohistochemical analysis of plasmacy-

toid cells (PLCs) in benign salivary gland tumors

Primary antibody Clone Source Dilution  Incubation  Antigen retrieval method

time (min)
anti-o-SMA 1A4, mouse monoclonal Cell Marque 1:400 32 No antigen retrieval
anti-calponin CALP, mouse monoclonal DAKO 1:50 60 Steamer, citrate Buffer 20 minutes
anti-p63 4A4, mouse monoclonal Biocare Medical 1:50 60 Steamer, citrate Buffer 20 minutes
anti-p40 BC28, mouse monoclonal Ventana 1:200 16 CCl1 for 32 minutes
anti-CK7 OV-TL 12/30, mouse monoclonal DAKO 1:50 60 Steamer, Tris-EDTA pH 9, 20 minutes
anti-WT-1 6F-H2, mouse monoclonal DAKO 1:50 60 Proteinase K, 5 minutes
anti-S100 4C4.9, mouse monoclonal Thermo Fisher 1:100 60 Steamer, citrate Buffer 20 minutes
anti-SOX10 Rabbit polyclonal Cell Marque 1:100 60 Epitope retrieval 2, 20 min Bond RX
anti-D2-40 D2-40, mouse monoclonal DAKO 1:50 32 CCl1 for 60 minutes
anti-h-caldesmon h-isoform of caldesmon DAKO predilute 32 Standard CC1 for 64 minutes
anti-DOG1 SP31 Cell Marque predilute 32 Standard CC1 for 64 minutes
anti-CK14 LL002 Biocare Medical  1:100 30 Steamer, Diva Decloaker, 20 minutes
anti-SNAIL/SLUG  Rabbit polyclonal Abcam 1:100 Overnight  Steamer, Tris-EDTA pH 9, 60 minutes
anti-E-cadherin H-108, Rabbit polyclonal Santa-Cruz 1:100 Overnight  Steamer, Tris-EDTA pH 9, 60 minutes

a-SMA, a-smooth muscle actin; WT'/, Wilms tumor 1; CCI, cell conditioning 1.

periphery of the PLC tumor nests and in proximity to
tumor stroma (see Figure 2F). Calponin staining in
PLCs varied from absent or weakly positive to moder-
ate and diffuse (Figures 2C and 2H). Spindle cells in
SPA exhibited strong and diffuse expression of a-SMA
(Figure 2K) and calponin (Figure 2M) and weak or
negative staining for h-caldesmon (Figure 2L).

Nuclei of normal myoepithelia were decorated with
p63/p40. With the exception of a few isolated cells,
staining for p63/p40 was negative in pMYO PLCs
(Figures 2D and 2E). However, in PLC-rich SPA, ran-
dom and selective p63/p40 nuclear immunoreactivity

was observed (Figure 2I and 2J). In contrast, selective
p63/p40 positivity was observed in the spindle cells of
SPA (Figures 2N and 20).

S100 staining was positive in some ductal cells and
equivocal for normal myoepithelium. PLCs showed
strong and diffuse, nuclear and cytoplasmic S100
immunoreactivity (Figures 3A and 3D). The vast
majority of luminal cells of neoplastic ducts in SPAs
were negative. DOG1 was negative in normal salivary
glands. DOG1 was consistently and uniformly negative
in PLCs (Figures 3B and 3E). D2-40 was positive in
normal myoepithelia. PLCs in pMYO and PLC-rich

Fig. 1. (A), (D), (G), The microscopic features of plasmacytoid cells (PLCs) in plasmacytoid myoepithelioma (pMYO) and PLC-
rich salivary pleomorphic adenoma (SPA) (the inset demonstrates typical bilayered ducts in a different area of the same tumor),
and the spindle cells in SPA. (B), (E), (H), Keratin 7 (K7). (C), (F), (I), Keratin 14 (K14). PLCs in pMYO and SPA exhibited
strong and scattered to diffuse, membranous and cytoplasmic positivity for K7 and rare focal K14 positivity. Spindle cells in SPA
were, overall, K7- and K14-negative (hematoxylin ad eosin [H&E] and immunoperoxidase stain; original magnification A, D,

and G: x 320; B, C, E, F, H, and I: x 270).
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Fig. 2. (A), (F), (K), -Smooth muscle actin (SMA). The vast majority of plasmacytoid cells (PLCs) were negative for a-SMA.
Red arrows indicate apparent epithelial—mesenchymal transition of «-SMA negative plasmacytoid cells (PLCs) into a-SMA—-
positive fusiform and spindle cells at the periphery of the tumor nests adjacent to the stroma. Spindle cells in salivary pleomorphic
adenoma (SPA) exhibited strong and diffuse expression of a-SMA. (B), (G), (L), h-caldesmon. PLCs were uniformly negative for
h-caldesmon, whereas spindle cells showed weak or negative staining. (C), (H), (M), Calponin. Calponin staining in PLCs varied
from absent or weakly positive to moderate and diffuse. Spindle cells in SPA exhibited strong and diffuse expression of calponin.
(D), (I), (N), p63. (E), (J), (0), p40. Staining for p63/p40 was, overall, negative in plasmacytoid myoepithelioma (pMYO) PLCs.
However, in PLC-rich SPA, random and selective p63/p40 nuclear immunoreactivity was observed. Selective p63/p40 positivity
was observed in spindle cells of SPA (immunoperoxidase stain; original magnification A—O: x 340).

SPA exhibited selective and in areas diffuse, D2-40
cytoplasmic and membranous immunoreactivity,
which tended to be stronger at the periphery of PLC
nests and in proximity to the neoplastic stroma (Figures
3C and 3F). The spindle cell population in SPA was
diffusely positive for S100 and D2-40 (Figures 3G and
31I), and negative for DOG1 (Figure 3H).

EMT-related markers in neoplastic cells revealed the
following staining properties; WT1, which was not
expressed in normal myoepithelia, was scattered to
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diffuse and moderate to strong in PLCs (Figures 4A
and 4E). Interestingly, similar to D2-40, WT1 immuno-
reaction was stronger in some cases at the periphery of
PLC tumor nests (see Figure 4E). SOX10 was positive
in many, but not all, normal luminal and abluminal
cells of intercalated ducts and serous acini and negative
in mucous cells. PLCs exhibited strong and diffuse
SOX10 nuclear immunostaining (Figures 4B and 4F).
SNAIL/SLUG were positive in ductal cells and exhib-
ited strong and variable, nuclear and cytoplasmic

immunoreactivity. (B), (E), (H), DOG1. DOGI1 was consistently and uniformly negative in PLCs and spindle cells. (C), (F), (I),
D2-40. PLCs in plasmacytoid myoepithelioma (pMYO) and PLC-rich salivary pleomorphic adenoma (SPA) exhibited selective
and in areas diffuse, D2-40 cytoplasmic and membranous immunoreactivity. Black arrows highlight increased D2-40 immunore-
activity at the periphery of PLC nests and in proximity to the neoplastic stroma. The spindle cell population in SPA was diffusely
positive for D2-40 (immunoperoxidase stain; original magnification A—C: x 240; D—F: x 320, G—I: x 270).
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Fig. 4. (A), (E), (I); WT1. WTI staining was scattered to diffuse and moderate to strong in plasmacytoid cells (PLCs). WT1
immunoreaction was stronger at the periphery of PLC tumor nests. The spindle cell population in SPA was diffusely positive for
WTI1. (B), (F), (J), SOX10. PLCs and spindle cells exhibited strong and diffuse SOX10 nuclear immunostaining. (C), (G), (K),
SNAIL/SLUG. SNAIL/SLUG exhibited strong and variable, nuclear and cytoplasmic immunoreactivity in PLCs and diffuse posi-
tivity in spindle cells. (D), (H), (L), E-cadherin. E-cadherin expression was weak or absent in PLCs in plasmacytoid myoepithe-
lioma (pMYO) and PLC-rich salivary pleomorphic adenoma (SPA), and negative in spindle cells in SPA (immunoperoxidase

stain; original magnification A—D: x 240; E—L: x 270).

immunoreactivity in PLCs (Figures 4C and 4G) in con-
trast to weak or absent E-cadherin expression of the
same areas (Figures 4D and 4H). The spindle cell pop-
ulation in SPA was diffusely positive for WTI1
(Figure 4I), SOX10 (Figure 4J), and SNAIL/SLUG
(Figure 4K), but negative for E-cadherin (Figure 4L).

PLAG1 rearrangement status in pMYO

One of the three pMYOs (Figures 5SA—5D) and 5 of 6
successfully hybridized SPAs (Figures 6A—6D) exhib-
ited PLAG] rearrangement. PLAGI rearrangement was
observed in the apparent SPA component of carcinoma
ex-SPA  (Figures 7A and 7B), whereas -epithe-
lial—myoepithelial carcinoma was negative. The
PLAGI rearrangement findings are summarized in
Table I.

DISCUSSION
All epithelial components of salivary glands—acinar,
ductal, and myoepithelial cells—have the capacity for
proliferation”®" and, thus, can undergo neoplastic
transformation. This has led to the postulate that in
SPA, the neoplastic acinar—ductal unit, with modified
myoepithelial cells being the predominant component,
gives rise to the various parenchymatous and stromal
types observed.'”?” The significance of the myoepithe-
lium has been emphasized by some authors who pri-
marily compared the neoplastic parenchyma of SPA to
adenomyoepithelioma of the breast,”’** supported by
findings from histochemical studies.’'**> However,
these theories have not been universally accepted.”*’
PLCs have been typically included among the so-
called modified myoepithelial cells. Ultrastructural

studies of PLCs"®® have interpreted haphazardly
arranged cytoplasmic fibrillar meshworks, composed
of approximately 6-nm long intermediate fibrils as
myofilamentous, despite the lack of dark bodies that
represent aggregates of myofilaments in normal
smooth muscle. The presence of these filaments,
together with the fact that PLCs are neoplastic cells
and, as such, are capable of phenotypic modifications,
have been the reason for referring to them as modified
neoplastic myoepithelia.”® However, this theory has
been challenged,” with Chaudhry et al.” and Ogawa

Fig. 5. (A), (B), This plasmacytoid myoepithelioma (pMYO)
featured whorl-like aggregates of neoplastic cells with plas-
macytoid morphology embedded in a rich myxoid stroma
and was positive for PLAGI rearrangement (hematoxylin and
eosin [H&E]; original magnification x 450). (C), (D), A case
of pMYO with 2 intact copies of PLAGI in each cell (H&E;
original magnification x 450).
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Fig. 6. (A), Histopathologic features of salivary pleomorphic
adenoma (SPA). (A) A well-demarcated unencapsulated
mass composed of neoplastic cells forming bilayered ductal
structures (hematoxylin and eosin [H&E]; original magnifica-
tion x 160; inset x 320). (B), Fluorescence in situ hybridiza-
tion (FISH) analysis of the same case. This SPA exhibited
PLAG]I rearrangement, as confirmed by the 1 yellow (physio-
logic) signal and 2 separated green and red signals. (C),
Microscopic characteristics of an example of plasmacytoid
cell (PLC)—rich SPA. In different areas of the same speci-
men, ductal formation was noticed (H&E; original magnifica-
tion x 450). (D), On FISH, this SPA with abundant PLCs
showed PLAGI rearrangement.

et al."” stating that the origin of PLCs could be traced
back to ductal cells.

Histochemical stains identifying normal myoepithe-
lial cells have shown consistent staining of PLCs with
tannic acid—phosphomolybdic acid—Levanol-fast cya-
nine 5RN, or azophloxine, amidoblack, and acid
blue.”'? However, such stains have not been restricted
to myoepithelia because positivity has also been
observed in other cell types and structures, including
the dental cuticle,4° hyaline bodies in the wall of the

Fig. 7. (A), (B), Histopathologic and cytogenetic characteris-
tics of the carcinoma ex-salivary pleomorphic adenoma
(SPA). Islands and nests of malignant neoplastic cells with
cytologic atypia and increased number of mitotic figures (see
inset) diffusely infiltrating the fibrous connective tissue
stroma (hematoxylin and eosin [H&E]; original magnifica-
tion x 90; inset x 550). This case was PLAGI rearranged, as
shown by the separated green and red signals.
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odontogenic cysts,”' and tonofilaments of the spinous
layer of stratified squamous epithelium."’

PLC staining with «-SMA and h-caldesmon has
been generally negative®™'”'’ and variable with
K14'3**% and calponin.'****> Calponin has been con-
sidered the most sensitive marker for the identification
of neoplastic myoepithelium.*” As such, staining of
PLCs with an antibody targeting this intermediate fila-
ment can be regarded as confirmatory of a myoepithe-
lial phenotype. However, Ogawa et al."” observed
calponin positivity also in the ductal cells of normal
salivary ducts and SPA. On the basis of that observa-
tion, they proposed a ductal origin not only for PLCs
but also for other types of nonluminal cells. PLCs are
apparently not unique to SPA because they have been
reported in polymorphous (low-grade) adenocarci-
noma’® and even cutaneous basal cell carcinoma.”’ In
the latter, their presence has been interpreted as myoe-
pithelial differentiation of neoplastic basal cells.

Besides their classic appearance, PLCs may display
spindled features in areas of discohesive cell aggre-
gates, which occur, generally, in a glycosaminoglycan-
rich stroma. This variation—taking into consideration
that similar individual cell separation, “fraying out” (as
depicted in Pierre Masson’s Human Tumors Histology,
Diagnosis and Technique, Figure 3.17 and Color Plate
IV; Figure 2)* and spindling can be seen in the nonlu-
minal cells of the ductal units in SPA—raises the possi-
bility that EMT is the underlying mechanism of such
process. EMT is not discussed in the classic articles by
Dardick et al.'”?° on the histogenesis of SPA, most
likely because of lack of knowledge of the concept at
that time and, certainly, of the EMT-related pathways.
Specifically, the pioneering work of Elizabeth D.
Hay'"*" on EMT (epithelial—mesenchymal transfor-
mation was the term used then) took place in the mid-
dle 1980s, although Trelstad, Hay, and Revel®!
introduced the concept in 1967 while studying gastru-
lation in the chick embryo. EMT represents a process
by which epithelial cells lose intercellular junctions
and polarity and acquire migratory and invasive char-
acteristics. EMT is critical for the development of
numerous organs and tissues during embryogenesis
and plays a role in gastrulation, neural crest formation,
wound healing, and cancer progression.” It is possible
that the detailed ultrastructural findings in Dardick’s
studies highlight structural changes suggestive or con-
sistent with EMT, given our present knowledge on the
subject. As discussed below, further support of EMT in
SPA can be provided by expression or repression of
genes regulating the EMT process.

The phenomenon or mechanism of EMT has been
previously reported in the SPA literature, albeit
with different descriptive terms. For example, Quin-
tarelli and Robinson'® suggested a mechanism of
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“mesenchymalization,” which may now meet the
definition of EMT to explain cartilage formation in
the stroma of SPA, a capability that has now been
proven inherent in normal human submandibular
gland cells that express chondrogenesis-related tran-
scription factors SOXS5, 6, and 9.°% Harrison and
Auger'” used the term “stromalization” to describe
the changes observed in the parenchyma of SPA,
which, with apparent derepression of certain genes,
result in the variations observed in the stroma of
SPA.

Subsequently, German pathologists theorized that
EMT is the mechanism responsible for the morpho-
logic heterogeneity observed in the parenchyma and
stroma of SPA’*”> by identifying real mesenchymal
phenotypes (e.g., collagen types II, III, and VI).””
Staining of cell adhesion molecules, such as the neural
cell adhesion molecules that participate in EMT during
embryogenesis,”® are positive on luminal cells with
gradual loss of staining in nonluminal cells,”” a pattern
also observed with E-cadherin,”®>° which is known to
be downregulated in EMT. More recently, the notion
of EMT is supported not only in SPA'® but also in ade-
noid cystic carcinoma.®’

In our hypothesis, we have challenged the theory
that PLCs are modified myoepithelia and attempted to
provide supporting evidence for their EMT capabili-
ties. We repeated immunohistochemical staining with
antibodies previously used to characterize PLCs to
obtain a comprehensive picture of the properties of
PLCs in each tumor studied. In most published articles,
a myoepithelial phenotype of not only the PLCs but
also the majority of tumor cells in SPA is accepted a
priori. On that basis, attempts are made to fit results of
the expression of various immunohistochemical
markers in the model which postulates that the essen-
tial cell in SPA is the modified myoepithelium.'*-*’

Keratins

Immunohistochemical staining of normal myoepithe-
lial cells with various keratins (e.g., K14, K17, and
K19), has served as the basis for designating those ker-
atins as indicative of a neoplastic myoepithelial pheno-
type. The mere fact that neighboring phenotypically
similar cells may not stain at all can be puzzling,
although expectation for all-or-nothing staining, when
addressing immunohistochemical results in neoplasms,
may be an overzealous axiomatic approach. The fact
is, however, that such keratin stains are not specific for
only normal myoepithelial cells because other struc-
tural elements of normal salivary glands, generally
ducts, can be stained. Similarly, luminal cells in SPA
can give positive staining.'®** In that manner, K14
positive staining can be seen in the ductal cells in the
mucous glands of the palate™ and the so-called basal
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cells of excretory ducts.”” The staining of normal
myoepithelia with K14 has been regarded as indicative
of the binding of normal myoepithelial cells to the sur-
rounding basement membrane of glands®' and negative
staining in PLCs is the result of absence of basement
membrane.®’ de Aradjo et al.* have reported rare posi-
tive staining of PLCs, and Ogawa et al.'” staining in 6
of 12 cases studied, with generally less than 30% of
PLCs decorated. Khurram and Speight™> showed,
focally, weak positive staining for K14, but generally
negative staining.

K7, present in simple epithelia, stains myoepithelial
cells weakly(’2 or not at all“, whereas ductal and, to a
lesser extent, acinar cells can be decorated.®® In our
study, PLCs exhibited selective positive staining.
Although luminal cells were positive for K7, spindle
cells in SPA were rarely stained. In previous immuno-
histochemical analyses,"”** K7 stained PLCs, although
the staining was not consistent. On the basis of our
findings and the limited literature, it appears that PLCs
tend to be positive for K7.

K19 can also stain normal myoepithelia™ as well as
ductal cells.'” PLCs express K19 in greater than 50%
of the cell population, which, together with K14 posi-
tivity and negativity for smooth muscle markers, led
Ogawa et al."” to favor a nonmyoepithelial ductal phe-
notype for PLCs. Structural changes occurring in cells
to adapt in the tumor microenvironment may better
explain the variations seen in keratins.'®

65

Smooth muscle markers

Microfilament proteins «-SMA and calponin have been
traditionally and frequently used in the study of normal
and neoplastic myoepithelial cells, instead of smooth
muscle myosin and h-caldesmon. Among these
markers, calponin has been considered superior,42‘45
although staining has been reported to be variable in
all types of purported neoplastic myoepithelial cells.
The absence of @-SMA in PLCs led Franquemont and
Mills'? to dispute their myoepithelial origin. Other
studies have also confirmed negative or almost nega-
tive -SMA immunostaining.®'*'>°® However, spin-
dle cells in SPA and the so-called spindle cell MYO
have been stained invariably with «-SMA; «-SMA is a
key molecule in EMT.

Calponin and caldesmon are smooth muscle contrac-
tion regulatory proteins, with both binding to actin and
calmodulin. Clones 1A4 (CALP [basic calponin]) and
h-isoform of caldesmon are generally used in routine
immunohistochemistry. On the basis of the literature
and our results, one can argue that positive but variable
staining with calponin should support the myoepithelial
origin of PLCs. However, the CALP clone can also react
with epithelial keratinocytes and nerves'* because kerati-
nocytes and nerves possess h2- and acidic calponins,
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which show a high degree of homology to CALP. Calpo-
nin staining has been also observed in luminal cells,***
suggesting possible cross-reaction with h2 and acidic cal-
ponin isoforms that are present in tonofilaments, which
are abundant in PLCs.

Other markers of normal and neoplastic
myoepithelia

S100

S100, which is negative in normal myoepithelium,’’ has
been regarded as a neoplastic myoepithelial marker,
although the specificity is considered low. S100 comprises
a multigenic family of Ca**-binding proteins consisting of
24 subtypes that regulate intracellular Ca** and Ca*’
signaling pathways. S100 participates in a variety of cellu-
lar activities, including regulation of proliferation, differ-
entiation, apoptosis, metabolism, migration/invasion, and
inflammation. The clone used for the present work,
4C4.9, has affinity for S1I00A1 and S100B. Subtype
S100A1 has been identified in the granular convoluted
tubule and striated duct cells of the murine submandibular
gland,”® and both S100A1 and S100B have been observed
in serous but not mucous acinar cells and intercalated duct
cells.”” Tt has been found that both ductal and myoepithe-
lial cells in SPA contain DNA encoding S100B.”” Binding
partners of S100B are tubulin and the microtubule-associ-
ated protein, caldesmon, calponin, type III intermediate
filament subunits and annexin 6. S100B also regulates
calcium homeostasis, which is essential in the functioning
of salivary glands.’” It is well-established that nonluminal
cells are responsible for the secretion of glycosaminogly-
cans in the stroma.'” S100 staining in salivary gland
tumors may indicate that S100 participates in intercellular
and intracellular signal transduction, energy metabolism,
contraction, and cell growth.”>”* Alternatively, the pres-
ence of S100 may compensate for the apparent lack of or
minimal innervation and neuroeffector relationships in
salivary gland tumors, including SPA.”

67

DOG-1

The exocrine secretory process of normal salivary
gland acini involves regulation of intracellular and
extracellular calcium. This is coordinated by Ca**-acti-
vated chloride channel (CaCC) currents at the apical
(luminal) portions of individual acinar cells. Differen-
ces in chloride kinetics among major salivary glands
have been shown to be related to their differences in
function.” The genes responsible for the CaCC are
TME16A&B (renamed ANOI&2) and anoctaminl &2).
TMEI6A (ANOI) is known to bench pathologists as
DOG-1 (Discovered on GISTI) because of its consis-
tent high expression in gastrointestinal stromal tissues.
In normal salivary glands, variable apical staining with
DOG-1 is reported in the serous acini of the parotid
and, to a lesser degree, in the distal portions of
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intercalated ducts and mucous acini. Staining of acinic
cell carcinoma was confirmed by Chénevert et al.”’
DOG-1 utility as an important antibody differentiating
acinic cell carcinoma from other salivary gland tumors
has been established,”’ especially when the classic
basophilic granular presentation is limited or lacking.
A good example is the differentiation of acinic cell car-
cinoma from the so-called secretory carcinoma variant
of the acinic cell/intercalated family of tumors.”®
According to Chénevert et al.,”’ neoplastic myoepithe-
lial cells are stained in adenoid cystic carcinoma and
epithelial —myoepithelial carcinoma, but not in MYO,
SPA, and most of myoepithelial carcinomas. Khurram
and Speight'” reported some “myoepithelial staining”
in SPA but not in MYO. Interestingly, the same inves-
tigators reported more frequent focal luminal cell stain-
ing in SPAs, suggesting a similar staining profile with
intercalated ducts. On the basis of that observation,
possible recapitulation of the secretory activity of inter-
calated ducts was suggested. Generally, secretory
activity of neoplastic lumina is deficient compared
with that of normal ducts.'” It is our opinion that DOG-
1 should not be utilized as a myoepithelial marker
because it does not stain normal myoepithelium; if it is
used, however, it should be with caution, similar to
WTI1 (see below). Negative staining may simply indi-
cate the absence of CaCCs from neoplastic cells,
whereas positive staining may highlight retention of
such channels that may relate to focal acidification of
the glycoproteinaceous intraluminal secretion.

p63/p40

The TP53-related transcription factor p63 participates in
epithelial commitment, differentiation, and maintenance
of integrity, both during embryologic development and in
adult tissues by means of its regulation of greater than 80
genes that directly control its over- or underexpression.’’
Six different isoforms of p63 exist as a result of alterna-
tive splicing at the C-terminus and the presence or
absence of an N-terminal transactivation domain (TA).
The absence of the N-terminal TA is designated as
ANp63 isoform. The role of p63 in epithelial proliferation
is substantial and maintained in the basal and suprabasal
cell layers by blocking apoptosis via inhibition of p21.*
Overexpression of ANp63 upregulates cell adhesion.”'
Overexpression of ANp63 upregulates cell adhesion,”'
loss of p63 leads to lack of differentiation and cell cycle
arrest, and mutations cause ectrodactyly, ectodermal dys-
plasia, and clefting-related conditions, as well as limb
mammary syndrome, acro-onicho-lacrimal-dental syn-
drome, and split hand/foot malformations.®* For purposes
of differentiation and integrity, p63 directly induces
IKKa, Jaggedl,* and a number of cell-to-cell and cell-
to-matrix adhesion factors™, while simultaneously sup-
pressing mesodermal induction.
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The utility of p63 in surgical pathology is broad. The
ANp63 isoform is detected by the commercially avail-
able antibody p40, whereas the p63 antibody (clone
4A4) recognizes both ANp63 and TAp63 isoforms. For
example, both p63 and p40 antibodies stain the nuclei
of the basal and suprabasal cell layers of the oral muco-
sal epithelium and not the upper differentiated keratin
layers. This finding can be clearly demonstrated even
in odontogenic cysts.* Concordant, nondiscriminatory
p63/p40 staining is observed in odontogenic tumors.*’

Nuclear immunoreactivity for p63/p40 is observed
in the normal myoepithelia of breast and salivary
glands, and p63 staining in salivary gland tumors has
been regarded as confirmatory of a basal/myoepithelial
cell phenotype. Recently, p40 has been favored as a
more specific marker of normal and neoplastic myoepi-
thelium.***” The presence or absence of p40 immuno-
reactivity has been used for algorithmic differential
diagnosis in cases of adenoid cystic carcinoma and
polymorphous (low-grade) adenocarcinoma, especially
in small biopsy material.*’**

In SPA*" and pMYO, immunohistochemical evi-
dence of nuclear p63/p40 positivity has been variable,
and an attempt to classify parenchymatous cells as
modified or transformed myoepithelia may lead to con-
fusion. In the present study, p63/p40 staining was gen-
erally negative in the PLCs in pMYO. However, in
some cases of PLC-rich SPA, selective p63/p40
nuclear immunoreactivity was observed. The possibil-
ity that these markers identify other functional charac-
teristics and not merely a basal/myoepithelial
phenotype has been raised.”® Loss of p63 prevents
expression of K14.* Given the multitude of p63 iso-
forms function, one can thus theorize that in SPA
p63/p40—positive nonluminal cells may show cell-to-
cell and cell-to-matrix interactions, whereas p63/
p40—negative ductal structures represent terminally
differentiated neoplastic cells.

The role of p63 isoforms in EMT is well-docu-
mented.”””" In cancer progression, downregulation
of ANp63 leads to repression of Wnt and induction
of a mesenchymal phenotype.***" In addition, inhib-
iting ANp63 upregulates the genes that promote
mesenchymal morphology and motility, such as N-
cadherin.”’ On the basis of the above findings, loss
of ANp63 expression in PLCs, confirmed by p40
immunonegativity, may indicate EMT attributes. In
our opinion, considering p63/p40 as simply a myoe-
pithelial phenotypic marker overlooks many of the
properties of p63 and its participation in tumor
development and progression.®”

D2-40
Podoplanin (D2-40) is a transmembrane mucin glyco-
protein initially identified in the renal podocytes
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responsible for the maintenance of their foot processes
and glomerular permeability.”> Podoplanin, which is
expressed in type I cells of the rat lung and in lym-
phatic development, is essential for development;
Podoplanin—/— phenotype is lethal in mice because of
respiratory and lymphatic defects.’

Podoplanin affinity for lymphatic, but not vascular,
endothelial cells has been utilized as a discriminatory
immunohistochemical marker for lymphatic endothe-
lium. However, podoplanin is also expressed in a vari-
ety of other tissues, including the basal and suprabasal
cells of stratified epithelia’*; the inner and outer epithe-
lia of the cervical loop of the developing tooth at the
bell stage; the odontoblastic cell layer, but not the other
cells of the dental papilla, osteocytes, and osteo-
blasts”; mesothelial cells’®; follicular dendritic cells’”;
fetal germ cells and developing Sertoli cells’®; and
tumors deriving from some of the cell types above
(e.g., squamous cell carcinoma, germ cell tumors, and
epithelioid mesotheliomas).

In mice, podoplanin is strongly expressed in the basal
portion of the intercalated, striated, and terminal ducts of
major salivary glands, in acinar and ductal myoepithelial
cells, in mucous cells, and, to a lesser degree, in the basal
portion of the serous acinar units of the major salivary
glands.” The molecular structure of podoplanin is resis-
tant to proteases because of its mucinous glycoproteina-
ceous property and the high sialic acid content, thus
providing protection to acinar units.'”’ In myoepithelial
cells, podoplanin promotes plasma membrane extension
and actin cytoskeleton rearrangement.”” This is achieved
through directly binding to phosphorylated ezrin, a partic-
ipant in EMT, as the result of direct activation of RHOA,
a RAS homologue gene family member A (RhoA) gua-
nosine triphosphatase, and ROCK1, a Rho-associated pro-
tein kinase.'’’ However, actin rearrangement may be also
accomplished independent of RhoA and, as such, without
E-cadherin downregulation and ezrin upregulation.'**

In SPA, in accordance with our findings, podoplanin
immunostaining has been identified in the various
types of neoplastic cells, including PLCs and spindle
cells, but not the luminal cells.'” No difference was
noted between the D2-40 staining patterns of PLCs in
SPA and pMYO. We also observed an increase in
staining intensity of PLCs in the periphery of some
neoplastic islands, as well as in smaller nests and cords
of PLCs in direct association with the tumor stroma.

Of interest is the reported co-localization and inter-
action of podoplanin and CD44, a hyaluronic acid
receptor to promote cell motility in skin tumorigene-
sis.'” Given that CD44 is expressed in the parenchy-
mal cells of SPA,'” increased levels of D2-40 may
lead to increased CD44 recruitment at the cell mem-
brane, cellular migration, and, finally, the acquisition
of an EMT-permissive phenotype.
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Markers of EMT
SNAIL/SLUG and E-cadherin
SNAII, also referred to as SNAIL, and SNAI2, which is
commonly known as SLUG, are pivotal regulators of
EMT.'” Both SNAIL and SLUG belong to the snail
C2H2-type zinc-finger protein family of transcription
factors. SNAIL, which is localized to both cytoplasm
and nucleus, depending on its phosphorylation sta-
tus,'” is involved in the formation and maintenance of
embryonic mesoderm and is expressed in a variety of
human tissues, especially the kidney. In contrast,
SLUG, which is typically localized to the nucleus, par-
ticipates in the migration of neural crest cells and is
expressed in abundance in the placenta and in the adult
heart, pancreas, liver, kidneys, and skeletal muscle.'%°

Several lines of evidence suggest that SNAIL/
SLUG—mediated EMT has a central role in carcinogene-
sis through enhancement of migration, invasiveness, and
metastatic dissemination in various human tumors.'*%'%®
The mechanism by which SNAIL/SLUG drive the acqui-
sition of mesenchymal cellular features is well-docu-
mented: SNAIL represses E-cadherin expression, thus
decreasing cell-to-cell adhesion, and transcriptionally
upregulates N-cadherin (“cadherin switch”) to induce
EMT'?"% in breast, ovarian, endometrial, hepatocellu-
lar, thyroid, and head and neck malignancies.l i

The expression levels and roles of SNAIL and SLUG
have been thoroughly investigated in salivary adenoid
cystic carcinoma, in which strong positive SNAIL and
SLUG immunoreactivity is observed in approximately
60%""" and 72%''* of cases, respectively. Notably,
SLUG protein expression is weaker in normal salivary
glands and SPA compared with that in adenoid cystic
carcinoma.”” SNAIL/SLUG expression positively corre-
lates with perineural invasion, local regional recurrence,
and distant metastasis in patients with adenoid cystic
carcinoma''""''? Furthermore, SNAIL is required for
epidermal growth factor—induced EMT in adenoid cys-
tic carcinoma cell lines,”3 whereas SLUG silencing
appears to inhibit EMT by restoring E-cadherin lev-
els.'"* In this study, we observed that PLCs in the major-
ity of salivary gland pMYO and SPA express the EMT-
regulatory proteins SNAIL/SLUG, whereas expression
of E-cadherin is entirely negative in accordance with
previous findings.”' Similarly, spindled neoplastic cells
in SPA exhibit primarily nuclear and, to a lesser extent,
cytoplasmic SNAIL/SLUG positivity.

WT1

WT1I is important in human development and a promoter
of EMT. WT1 '~ mice die in the middle of gestation as
a result of disturbances in heart development, complete
absence of kidneys and gonads, and various malforma-
tions affecting the liver, spleen, retina, and adrenal
glands.''> WT1 directly activates SNAIL and represses

November 2019

E-cadherin, thus promoting epicardial EMT and the gen-
eration of the heart vasculature.'"

WT1 is not present in the normal components of sal-
ivary glands, including normal myoepithelial cells.'®*’
Langman et al.”> have regarded WT1 as a superior
myoepithelial marker over more established ones, such
as calponin and p63. In our study, WT1 staining was
observed in PLCs and in the spindle cell population of
SPA in accordance with previous reports.'®> It should
be noted here that immunohistochemical stains, absent
in normal cells but present in neoplastic cells, should
be interpreted with caution as indicative of specific cell
type.''® However, it is possible that WT I-positive cells
in SPA and pMYO represent neoplastic myoepithelium
because (1) although WTI is a tumor suppressor gene,
it may exert oncogenic function because of epigenetic
changes (i.e., promoter methylation);1 7 and (2) activa-
tion of WT1 has been reported in solid tumors originat-
ing from tissues that do not express WTI1 during
embryonic development or in adulthood.'"®

Although nuclear WT1 staining should be expected,
the observed cytoplasmic staining is apparently the
result of post-translational phosphorylation and is not
nonspecific or the result of antibody cross-reactivity
with cytoplasmic elements.”' '

SOX10
SOX10, a member of the conserved Sry (sex-determining
region Y)—related homeobox (Sox) transcription factor
family, participates in embryonic, neural crest, and
peripheral nervous system development.''” As such, it
has been utilized as a marker for melanoma and tumors
of neural crest origin. Nuclear staining of SOX10 has
been observed in the myoepithelial cells of the salivary,
bronchial, and mammary glands.'*’ However, in a study
by Ohtomo et al.,”® positive nuclear staining was also
encountered in the acinar cells and both the luminal and
nonluminal cells of the intercalated ducts of the normal
major salivary glands in humans. Similar expression is
observed during the developmental stages of murine aci-
nar, luminal, and nonluminal cells of intercalated ducts.”®
Notwithstanding the variations in expression, greater
than 90% of PLCs have been reported to be SOX10
positive.”® Additionally, some cases of cutaneous
MYO and mixed tumors show staining in the majority
of both luminal and abluminal cells.”” Our experience
is essentially the same as that in previous studies;
PLCs in pMYO and spindle cells in SPA consistently
show diffuse nuclear SOX10 immunostaining. The
stain distribution of SOX10 in normal salivary glands
does not support its discriminatory use as a neoplastic
myoepithelial marker; thus, an acinar or intercalated
duct origin for PLCs cannot be refuted and may,
instead, be more plausible.”®
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SOX10 is a participant in EMT. There is evidence of
similarities between neural crest migration and tumor
metastasis, given that in both biologic processes, trans-
forming growth factor-8, bone morphogenetic protein,
Wnt, and FGF/receptor tyrosine kinase pathways are
active. Among the transcription factors of the
Wnt/BMP/FGF is SOX10."*" Although SOX10 partici-
pates in EMT, its presence in acinic cell carcinoma,
where EMT is not expected,”® probably indicates
serous acinar/intercalated duct origin. As noted in our
study, serous, but not mucous, cells in normal glands
show positive nuclear staining. This observation should
be confirmed by other studies and suggests a topic of
future research.

PLAG1

Cytogenetic and molecular characteristics defining
SPA have been well documented.'””'** SPAs have
been shown to harbor specific chromosomal aberra-
tions, resulting in the formation of chimeric fusion
genes involving PLAGI and, infrequently, HMGA2
(12q14-15)24122123.125°127 prAG]  fusion partners
include CTNNBI, CHCHD?7, LIFR, and
TCEA1*'2%"2%12% and HMGA2 fusion partners
include NFIB, FHIT, and WIFL'>*"3%13! We focused
on PLAG] rearrangement in this study because PLAG!
chromosomal rearrangements and/or fusion transcripts
have been identified in up to 88% of SPA.”* Support-
ing a genetic link between MYO and SPA, El-Naggar
et al.”” reported a MYO of the parotid gland character-
ized by aberrations involving the long arm of chromo-
some 12, and in the study by Martins et al.,>* a MYO
was found to be rearranged for PLAGI. In our study, 1
of 3 pMYO featured PLAGI rearrangement. The
absence of PLAG]! rearrangement in pMYO may indi-
cate aberrations of other genes, including HMGA?2.

CONCLUSIONS

Our goal in this study was to investigate the dynamic
behavior of PLCs and, to some extent, of other paren-
chymal cells in SPA “as the key to the understanding
of their development and function.”'*” On the basis of
our findings, and in conjunction with the results of pre-
vious studies, we came to the following conclusions:

1. PLCs mostly fail to consistently express myoepithe-
lial markers.

2. PLCs represent neoplastic cells that have adapted to
changes in their microenvironment and are capable
of EMT.

3. Tumors composed solely of PLCs are SPAs
depleted of a ductal component; thus, instead of the
term pMYO, we favor the term plasmacytoid pre-
dominant SPA. The term plasmacytoid adenoma
may also be appropriate.'”
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4. The current World Health Organization definition
of SPA may be improved by incorporating the ter-
minology by Triantafyllou et al.'®—*“a benign epi-
thelial tumor that is characterized by variable EMT,
secretion/differentiation, and metaplasia.”

It is important to note that EMT and neoplastic
myoepithelial cells are not mutually exclusive because
a myoepithelial phenotype can result from EMT. In the
near future, new markers will undoubtedly be reported
as being specific for myoepithelial cells in SPA and
other salivary gland tumors. We hope that such
markers are viewed and interpreted in the context of
their corresponding gene function, rather than simply
used to identify a postulated phenotype.
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