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ABSTRACT

Salivary glands tumors are one of the most comalekrelatively rare group of lesions encounteredrat pathology
practice. Their complexity is attributed to heteangity of the cells of origin of these cells. Theolgem is

compounded by the ability of these cells to difféige and modify into various morphological sulgypesulting in a
myriad of histomorphological pattern. This alsodedo a frequent overlap of microscopic featuresragrvarious

neoplasms. So there is a need of immunohistochémuiedysis in order to classify various salivargm tumors as
well as determining the prognosis. The presentlaris aimed at reviewing and summarizing the ephecegarding
the histogenesis of salivary gland tumors and thelievance in immunohistochemical studies for défgiating

between commonly occuring salivary gland tumors.
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NTRODUCTION carcinoma, and adenoid cystic carcinoma are
Salivary gland tumors are a morphologically generally not difficult in typical cases even for
and clinically diverse group of neoplasmsgeneral surgical pathologists. However they are
which may present considerable diagnosticknown to have diverse histomorphological features
and management challenges to then individual lesions and there are a number of
pathologist or surgeon. Salivary gland tumors ardypes and variants, in addition to histological
rare with an overall incidence in western world ofpatterns similar to those observed in different
about 2.5-3.0 per 100000 per year. About 80% ofumor entities. Therefore these tumors may present
all lesions are benign, hence salivary glanda considerable diagnostic challerige.
malignancies are particularly rare, comprising les#Although hematoxylin-eosin (HE) staining is still
than 0.5% of all malignancies and about 5% ofthe gold standard method used for diagnosing the
cancers of head and netRecause of their rarity, salivary gland tumor, immunochemistry (IHC) can
individual clinicians are only frequently required ~ enhance the accuracy of such analysis, while its
manage these lesions and most cancers arele may be limited. IHC can be a helpful tool
managed in specialist centres. This coupled witiwhen in cases to investigate the subjects that
degree of morphological diversity makes this groupcannot be assessed by histological examination,
of lesions, one of the most interesting andsuch as cell nature and differentiation statud, cel

challenging entities in head and neck region. proliferation, and tumor protein expressfoithe
present article aims to review the practicality of

A pathological diagnosis of common types of’ . . . . e
salivary gland tumors such as pleomorphic|mmunoh|stochem|cal markers in differentiating

adenoma, warthin  tumor, mucoepidermoidand d|agnosmg .feV\.’ sallvary_gland tumors laying
emphasis on their histogenesis.
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HISTOGENETIC PROSPECTIVE PRINCIPAL CELL TYPES AND THEIR

(A) RESERVE CELL HYPOTHESIS:- ORGANIZATION

The existence of reserve cells in normal salivaryMost salivary gland tumors originate from
gland was originally postulated from observationsacinar/ductal epithelial cells (luminal cells) aod/

of embryonic developments of palatal minor myoepithelial/basal cells (abluminal cells).
salivary glands. These evolve as downgrowths oMonophasic tumors have only one cellular
bilayered ducts and it was assumed that the inner @omponent, either originating from acinar/ductal
luminal layer derived from the outer or basal layerepithelial cells or from myoepithelial/basal cells.
(Eversole 1971). As a result of these observationsfhese include tumors such as myoepithelioma,
basal cells were considered reserve cells based @aginic cell carcinoma, and salivary duct carcinoma.
the premise that they functioned as stem cellsThese tumors originating from both acinar/ductal
particularly for generation of duct luminal and epithelial cells and myoepithelial/basal cells are
acinar cells with the maturation and developmentlesignated biphasic tumors and this category
of salivary glands, it was suggested that sucts cellincludes tumors such as pleomorphic adenoma,
remained confined to the basal cell layer ofepithelial myoepithelial carcinoma and Adenoid
excretory ducts. In this location, reserve cellscystic carcinoma. Some tumors demonstrate other
associated with excretory ducts were presumed tonique cellular differentiation such as sebaceous
be responsible for replacement of excretory ducadenoma/carcinoma, lymphadenoma and
luminal and basal cells and the progenitor celts fomucoepidermoid carcinonfd. Use of IHC to
the intercalated ducts. The latter were responsibldifferentiate between luminal and abluminal cells
for development and replenishment of intercalatedan help in understanding the complex architecture
ducts, striated ducts, and acinar cells, hence thisf salivary gland tumors and aid in diagnosis.

concept was labelled the semlpleurlpotentlallvIARKERS FOR LUMINAL CELLS

bicellular theory (Eversole, 197%%. . il
In 1977, the reyS((arve cell concegt was adopted al Id.lmmal cells are _read|ly hlghllghted by IHC for
promoted as the underlying mechanism for th o RS, e yve|ght cyto_keratln_ (CK) (such as
histogenesis of the salivary gland tumors (Regez?'o.‘t'\r/llgl'.i)l' rgg:ﬁ;;gir:b;ﬁ.mgn anEtll\%leAn gf@; (1)r
and Batsakis, 1977). In an attempt to explain th 2' It' hdRN o CDIglJl7/( kit .) ( e .)'
histogenesis of salivary gland tumors, a bicellula Nl CSTNGLYEEEDTY {1 C-KI1 1S negauve in
theory of origin was proposé&d.The two cells, the “O”T'a' salivary glar_ld cells, it is often positive |
excretory duct reserve cells and the intercalate mifjal cells®of various types of sallv_ary.glands
umors and thus can be utilized to highlight the

duct reserve cell, were presented Tasw.thel ;oo or abortive glands in tumdfs
hypothetical cells of origin for salivary gland y 9 :

neoplasms. It was argued that the excretory dudlARKERSFOR ABLUMINAL CELL
reserve cells give rise to squamous cell carcinomébluminal cells are highlighted by IHC for high
(SCC) and mucoepidermoid carcinomas, and thenolecular weight CK (such as 3812 or CK 14)
intercalated reserve cells give rise to all othérs. and myoepithelial cells, in addition are stainethwi
was also shown that myoepithelial cells wereantibodies against myoid proteins (such as muscle
responsible in part for the wide histologic vaoati specific actin smooth muscle actin or calponin).
of these neoplasms. As a highly and thereforep63 has recently become a popular marker for
terminally, differentiated cell, the acinar secrgto abluminal cells- both basal cells and myoepithelial
cell was said to play a minimal role in parenchymalcells, as well as their neoplastic counterpartysho
renewal and thus, was incapable of a significantiuclear immunoreactivity=® (Table 1) CD10 can
role in tumor inductiori? also be used as a myoepithelial marker but lacks

specificity* In salivary gland tumors with dual
B) MULICELLULAR HISTOGENETIC  ductal cell - myoepithelial cell differentiationeh
CONCEPT:-It was proposed that differentiated myoepithelial or modified myoepithelial cell
cells at all the levels of the gland, includingreesi  component generally strongly express maspin,
and basal cells are capable of cell division. whereas ductal cells are usually negative or show

only weak focal immunoreactivity.
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Table 1: Expression of immunomarkers in normal salivary dlatis®

Markers Interlobular/  Striated = Intercalated Acinar Basal cells Myoepithelial
Excretoryduct duct cells | Duct luminal Epithelial cells
luminal cells cell cells
Calponin/SMA _ _ _ _ _ +
CK7/CAM 5.2 + + + +weak = + weak/- + weak
CK5/6/CK14 _ _ _ _ i i
CK5/6 _ _ _ _ i +
p63 _ _ _ _ aF +
S100 _ _ + _ — +
Vimentin _ _ _ _ — i
EMA/CEA _ _ _ _ i +
MSA _ _ _ _ — i
c-kit + i _ 10 _ _
GFAP _ _ _ . _ + (low
sensitivity)

SMA, Smooth muscle actin; CK, Cytokeratin; CEA, €ao embryonic antigen; EMA, Epithelial membrand¢igen;
MSA, Muscle specific actin; GFAP, Glial fibrillargcidic protein  + ,usually >70 % cases are pasiti -, usually
<5% cases are positive ; +weak, weakly positizeyweakly positive or negative

PLEOMORPHIC ADENOMA tumors?®

(Benign mixed tumor) _ .
It is the most common benign tumour of the MOLECULAR GENETICS: Extensive

salivary glands having a marked histological cytogenetic studies_ of pleomorphic adenoma have
diversity with epithelial, myoepithelial and ShOWn that approximately 70% of the tumors are
mesenchymal cell types arranged in variety of<@ryotypically abnormal”™®** Four  major
architectural and  differentiation  pattért ~ Cytogenetic subgroups may be discerned:
Ultrastructurally two main types of cells, epitlli ~-tumors with rearrangements  involving 8q12

cell and myoepithelial cells have been described in(39%) i 0
mixed tumord®* Other cells such as mesenchymal ~ tUmors with rearrangements of 12q 13-15 (8%)

cells and intermediate cells have also beentumors with sporadic, clonal changes not
reported® The epithelial cells which vary from Involving 8q12 or 12q 13-15 (23%)

intercalated duct like cells to epidermoid cells, ~tUmors — with  an  apparently  normal
comprise the histological majority of most tumors. K&ryotype(30%).

Myoepithelial and myoepithelial like cells have A target gene in pleomorphic adenomas with 8q12

been described in varying numbers, dependingapnormalites is PLAG1, a developmentally
upon the tumor studied. These cells are tmos regulated zinc finger gerté*%°

commonly found in myxoid areas of mixed
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Table 2: The varying patterns of pleomorphic adenoma masagles its resemblance to other tumor types
as enumerated in following tabte

Features Resemblance
Bilayered ducts and cribriform pattern ~ Adenoid cystic carcinoma
Myoepithelial component Myoepithelioma

Bilayered ducts with clear outer cells Epithelial-myoepithelial carcinoma
Sheets of epitheloid or basaloid cells  Basal cell adenoma or adenocarcinoma

Myxoid stroma Myxoma or neural tumors
Chondroid stroma Chondrosarcoma
Plasmacytoid cells Plasmacytoma
Squamous metaplasia Sqguamous carcinoma
Oncocytic metaplasia Oncocytoma

The major differential diagnosis is with ADENOID CYSTIC CARCINOMA (ACC): ACC
Myoepithelioma, basal cell adenoma, ACC, and a malignant biphasic epithelial tumor compostd o
polymorphous low grade adenocarcinomanodified epithelial and ductal cells. Overall ACCa
(PLGA). Myoepithelioma has no glandularrare tumor accounting for only 1% of all malignant
component and lacks a chondromyxoid stromaumors of oral and maxillofacial region. It accaint
Basal cell adenoma is a monomorphic adenonfar 22% of all salivary gland malignancies and g o
that shows a proliferation of basaloid cellof the most common malignant tumor of minor
encircled by a prominent basal lamina without aalivary glands and seromucinous glahid.ACC is
chondromyxoid stroma. ACC is invasive, shows avell known for its prolonged clinical course and
perineural invasion, and has atendency for delayed onset of distant metastasis.
glycosaaminoglycan material and a reduplicatefihe microscopic appearance of tumor s
basement membrane surrounded small, uniforireterogenous, consisting of varying amounts of 3
cells with an angulated shape and hyperchromatilstinct growth patterns: cribriform, tubular aralig,
nuclei. Small duct like structures can be seen iinequently there are mixed growth pattethsAn
both tumors. GFAP tends to be absent, whereagonsistently reported finding has been the presen
CD117 highlights the central cells more stronglyof myoepithelial and myoepithelial like cells,
PLGA develops only in the minor salivary glandssuggesting to some that this is the cell of oriigin

It shows prominent perineural invasion and morthe ACC. This apparent mixture of cells would be
uniform, oval nuclei with delicate, fine vesicularseen analogous to the mixture seen in the mixed
nuclear chromatin; it shows weak GFAP and p6&imor, even though it is quantitatively differefite
expression. bicellular theory of origin would account for the

IMMUNOPROEILE: The inner ductal cells in 2PP&arance of both ductal and myoepithelial cells

" rough neoplastic transformaton of the intercalate
the tubulo-glandular structures are positive for C g P

,30
3, 6, 10, 11, 13 and 16 whereas the neoplas‘uéJCt reserve ceff

myoepithelial cells are irregularly positive forMOLECULAR GENETICS: A recent study of 52
cytokeratin 13, 16 and T4. The neoplastic cases of ACC showed that detection of IP-32-36 was
myoepithelial cells co-express vimentin and parthe most common genetic change in ACC and was
cytokeratin and are variably positive for S-10ignificantly associated with solid tumor phenotype
protein, a smooth muscle actin, GFAP, calponirgdnd decreased overall survivalPast studies have
CD10 and muscle specific actin (HHF-358)% shown that tumor aneuploidy correlates with more
(Table 3) Modified myoepithelial cells in theseaggressive disease and a poor prognosis. A recent
tumors are also reactive for p&3.The non- large scale micro-array analysis of 15 cases of ACC
lacunar cells in the chondroid areas are positiieund the transcription factor-encoding gene SOX4
for both vimentin and pan-cytokeratin, whereawas significantly overexpressed in ACC relative to
the lacunar cells are positive only fornormal salivary gland tissué.

vimentin?**(Table 3)
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Table 3: Immunprofile of pleomorphic adenoma with its comgan from commonly perplexed salivary
gland tumor®

Markers Pleomorphic  Basal cell = Canalicular Polymorphouslow grade  Adenoid cystic
adenoma adenoma | adenoma adenocarcinoma carcinoma

Vimentin + + + + +

Pancytokeratin = + + o + +

CK7 + + + + +

CK18 + + N + +

CK5/6 i + NA + +

S100 Protein + + + + +

GFAP + N +(linear) R (weak, few cells R (isolated cells)

CD117 S + S (weak) + (weak) + (inner cell
layer)

P63 + + N weak +

SMA +(abluminal) + N S(abluminal) +(luminal)

M SA +(abluminal) + N + + (abliminal, -
50%)

SMMHC + (@bluminal)  + N +50% + (abluminal)

Calponin 4+ i N S(20%) +(abluminal)

Maspin NA NA NA + +

CD117 S + S(weak) +(weak) +(inner cell
layer)

Ki-67 <5% <2% <2% <5% >20%

+, almost always positive; N, negative; S, somesipesitive; R, rarely positive; NA, not applicab@e,cytokeratin;
GFAP, glial fibrilary acidic protein; SMA,Smooth rele actin; MSA, Muscle specific actin, SMMHC, Smioot
muscle myosin heavy chain.

IMMUNOPROFILE: ACC expresses both The differential diagnosis of ACC includes
ductal and myoepithelial /basal cell markers sudumors that also exhibit tubular and cribriform
as CK 7, CAM 5.2, Calponin, SMA, SMMHC, structures such as PLGA and tumors with basaloid
p63, SOX10, and S10@Table 3).2 Use of cellular morphology such as basal cell adenoma and
immunochemical stains such as smooth muscéelenocarcinoma and tumors with a dull population of
actin, S100 and smooth muscle myosin heawjuctal and myoepithelial cells such as pleomorphic
chain will highlight cells showing myoepithelial adenoma. Pleomorphic adenoma can be identified by
differentiation surrounding the pseudocysts. Thpresence of mesenchymal, especially cartilaginous
lumens of the pseudocysyts will stain positivelyifferentiation in the stroma. A recent study found
for basement membrane components such as Tyibat expression of GFAP and CD57 could be reliably
IV collagen and laminif® ACC has also been used in cell block preparation to differentiate
shown to be strongly positive for C-kit (CD117)pleomorphic adenoma from ACC (Table®3).
regardless of grad@&?* Strong C-kit expression is PLGA occurs almost exclusively in the minor
seen in all neoplastic cells in solid pattern, albalivary glands and may contain overlapping
cells surrounding pseudocysts in cribriformhistopathologic features with ACC such as ductal,
pattern, and all luminal cells in the tubular patte tubular and even cribriform growth. But PLGA lacks
(Table 1)* dual population of ductal and myoepithelial celhsla
Many markers have been studied as potentitlpically has negative or low (50% of cells)
prognostic indicators in ACC. Increasedexpression of c—kit compared with high ¢ -kit
expression of the cellular proliferation marker Ki-expression of ACG?

67 is seen with increasing amount of solidRegarding Basal cell adenoma; Ki-67 labelling index
component and has been shown to correlate witthh ACC (>20%) is reported to be different from that
worse prognosi&*® Increased p53 expressionin basal cell adenoma (<2%) (Table no.3).
may also be an independent marker of prognosiskurthermore presence of strongly S-100 protein
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positive spindle shaped stromal cells supports thenseca et & found that p63 immunostaining in
diagnosis of basal cell adenofffa. mucus retention cysts and papillary cystadenomas
MUCOEPIDERMOID CARCINOMA (MEC) was limited to basal layers of the cystic spaces,
Is the most common salivary gland malignancyhereas in low grade MEC's, positive staining was
representing between 2 - 16% of all salivary glandiso found diffusely in the suprabasal layers @& th
tumor?® It is basically a malignant epithelial epidermoid component of the tumor. MEC with
neoplasm composed of mucus, epidermoighrominent oncocytic population can also be
intermediate, columnar, clear and oncocytic c8lls.differentiated from oncocytoma by p63 staining
The cells of the excretory duct would be expected pattern. It has been reported that in oncocytic MEC
have greatest potential to keratinize or beconw®s0% of the cells throughout the tumor nests were
squamous in type under appropriate circumstancggsitive for p63, while only scanty peripheral seif
because of their lack of specialization and thethe tumor nests in oncocytoma and oncocytic
proximity to the gland orifice. Stimuli such ascarcinoma were positive for p63.

smoking or infection may result in MUCOUSA ~|NIC CELL CARCINOMA

metaplasia of the excretory ducts. Neoplastigginic cell carcinoma is a malignant epithelial
transformation of such metaplastic excretory dugieqniasm of salivary glands in which atleast sofne o
may result in MEC. Alternatively, neoplasm can@risy,e ‘neqpjastic cells demonstrate serous acinas cell
from direct neoplastlf:_ transformation of excreto%ifferentiation, which is characterised by cyoplism
duct reserve cell. Additional support for the eXorg  ,y\gen secretory granules. Salivary ductal ceds a
duct reserve cell as the cell of origin comes fro_ra:so component of this neoplasm. Ultrastructurally,
observation of ~Eversole that mucoepidermoighese cells contain secretary granules similahose
carcinomas don't occur as intralobular lesidins. seen in serous acinar cells and intercalated dhlist ¢

_ : Since secretory granules are found nowhere else in
MOLECULAR GENETICS: Molecular studies of ho sajivary glands, this implies the acinar cell o

these tumors are few and limited in number of casfercalated duct cell as the cell of origin . Sirtbe

They show infrequent genetic loss at chromosomesiercaiated duct reserve cell gives rise to bhtse
9p21, 8q, 5p, 16q and 12p. Studies of the H-ra® geflyis it js this cell that is hyothetical sourdeticese
in these tumors have reported 18% mutational ﬂboplasn'}?

e

codon 12 and/or 13 and on mutation at codon 61. T

mutation are mainly found in high grade tumbrs. MOLECULAR GENETICS: Multiple structural

and numerical abnormalities of these tumours have
IMMUNOPROFILE: It is usually positive for CK5, been reported but no consistent or specific altarat
CK6, CK7, CK8, CK14, CK18, CK19, EMA, CEA can be defined. Deletion of chromosome 6q, loss of
and p63 and is negative for CK20, SMA, MSA and/, and trisomy 21 have been reported. The most
S100. However focal expression of S100, C-KITfrequently altered regions were noted at chromosome
GFAP and Vimentin can be seen in some turfiors. 4p, 5q, 6p, and 17p regions. Chromosomes 4p 15-16,
MEC needs to differentiated from acinic cellbp 25-gter and 17p11 showed the highest incidence
carcinoma, retention cyst and papillary cystadenonud alterations. Another study of multiple spatially
and oncocytoma. The microcystic and folliculaobtained samples from one tumor showed evidence
variants of Acinic Cell Carcinoma are most notabléor polyclonality suggesting different origins ftris
for being mistaken for MEC. p63 is a useful marketumor?
to differentiate these two. Sams € @ompared p63
expression among 31 cases of acinic cell carcinomg MUNOPROFILE: Although the immunoprofile
and 24 cases of mucoepidermoid carcinomas. Th&ynon-specific, acinic cell carcinomas are reactor
found that all ACC were negative for p63 while allCytokeratin, trasferrin, lactoferrin, alpha 1-
MEC were strongly positive for p63. p63antitrypsin, alpha 1-antichymotrypsin, CEA, Leu M1
immunostaining expression pattern can be helpful emtigen, COX2, vasoactive intestinal poly peptide,
distinguishing low grade MEC from retention cystsand amylasé®**** The zymogen granules in the
and papillary cystadenoma of salivary glandsieoplastic acinar cells are often non reactive waitti
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alphal amylase immunostain, an enzyme in zymogsalivary glands: clinical and pathologic featur@arr
granules of normal serous acinar cells. Reactfeity Probl Surg 1981; 18: 65-155.

Table 4: Differential diagnosis of acinic cell carcinoma ahdirimmunoprofile

Markers Mucoepidermoid Myoepithelial = Clear cell  Aciniccell =~ Oncocytoma Epithéelial

carcinoma carcinoma carcinoma carcinoma myoepthelial
carcinoma

p 63 + + + - +(basal) +(outer layer)

Calponin/SM A - + - _ _ +(outer layer)

SMMHC

CK7/CAM5.2 - +/- + + + +(inner layer)

S0X10 - + + + - +

oestrogen receptor, progesterone receptor, aBdRegezi JA, Batsakis JG. Histogenesis of salivary
prostate specific antigen has been described iresogland neoplasm. Otolaryngol Clin North Am 1977;
tumors. Approximately 10% tumors are positive fod0: 297-307.

s-100 proteiff (table 3). According to Weiler et al 6. Batsakis JG. Salivary gland neoplasia: An
the presence of a diffuse distribution of basal cebutcome of modified morphogenesis and
component, stained by both p63 and CK 5/6ytodifferentiation. Oral Surg Oral med Oral Pathol
antibodies favors a diagnosis of oncocytoma, sind®80; 49: 229-232.

acinic cell carcinoma is completely devoid of basal. Cheuk W, Chan JK. Review: Advances in salivary
cells. Table 4 demonstrates the salivary glangland pathology. Histopathology 2007; 51: 1-20.
neoplasms and their immunoprofile which need to & Zhu S, Schuerch C, Hunter J. Review and updates

differentiated from acinic cell carcinoma. of immunohistochemistry in salivary gland and head
and neck tumors. Arch Pathol Lab Med 2015; 139:
CONCLUSION 55-66.

IHC plays a limited, albeit important, role in the9. Edward PC, Bhuiya T, Kelsch RD. c-kit
diagnosis of salivary gland tumors, but is ofteafus expression in the salivary gland neoplasms adenoid
to support the histological assessment. However, fecystic  carcinoma,  polymorphous  low-grade
tumor type-specific markers are currently availableadenocarcinoma, and monomorphic adenoma. Oral
It is necessary to fully understand that IHC shdaéd Surg Oral med Oral pathol Oral radiol Endod 2003;
considered a method that can be used to assist &% 586-593.
final diagnosis, and not that can change the IHCOEdwards PC, Bhuiya T, Kelsch RD. Assessment
based diagnosis. An IHC analysis must be performef p63 expression in salivary gland neoplasms
after appropriate identification of the particulamor adenoid cystic carcinoma, polymorphous low grade
type by HE staining to come to a definitive diageos adenocarcinoma, and basal cell and canalicular
adenomas. Oral med Oral pathol Oral radiol 2004;
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