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ABSTRACT

BACKGROUND

Various glandular and secretory epithelia show oncocytes. Most of the oncocytic lesions are benign with a relatively low rate of
proliferation. Oncocytomas form less than 1% of all benign salivary gland tumours, 82% to 90% of them occur in the parotid gland,
sometimes in the submandibular gland (9%) and uncommon in the intraoral minor salivary glands. The oncocytomas occur in adults
in their sixth to eighth decades, with no sex predilection. The morphological and functional alteration in unusual oncocytes is due to
a compensatory mechanism to overcome energy deficient state in the cell undergoing changes. Several theories on biochemical
changes occurring in mitochondria explain the formation of these oncocytes. The mitochondrial DNA point mutations due to altered
oxidative phosphorylation complexes are one of the main downsides for the oncocytic genesis. The hypothesis of their origin of
transformation has been put forward by several researchers. The role of the numerous mitochondria and their functional inability

to maintain the bioenergetics pathway forms the basis for these oncocytic changes.
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BACKGROUND

Various glandular and secretory epithelia show oncocytes.
Most of the oncocytic lesions are benign with a relatively low
rate of proliferation. These eosinophilic modified cells are
prevalent among salivary glands, buccal mucosa, pituitary,
thyroid, parathyroid, nasal cavities, sinuses, ocular caruncle,
lacrimal glands, Eustachian tube and the larynx in the head and
neck region. They are indistinguishable from each other
throughout the various anatomic sites. Tandler et al. in 1964
revealed with electron microscopy that oncocytes contained
unusually high numbers of mitochondria. Oncocytic lesions in
salivary glands were found to be consisting of swollen
granular cells in the ductal and acinar elements. Oncocytomas
form less than 1% of all benign salivary gland tumours, 82% to
90% of them occur in the parotid gland, at times affect the
submandibular gland (9%) and uncommon in the intraoral
minor salivary glands. They are generally unilateral,
sometimes bilateral oncocytomas have been reported. The
oncocytomas occur in adults in their sixth to eighth decades,
with no sex predilection.1-6 The morphological and functional
alteration in unusual oncocyte is due to a compensatory
mechanism to overcome energy deficient state in the cell
undergoing changes. The eosinophilic oncocytes represent
part of senescent degeneration, few epithelial cells of salivary
glands are the targets of these oncocytic changes. The primary
element of metaplasia is the functional enzymes involved in
the cellular biochemical pathway, and it has been a center of
interest in many studies.
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These changes of oncocytic transformation in various
organs is age-dependent functional impairment. But a
homoplasmic mutation in the mitochondrial DNA (mtDNA)
has also been reported.?89.10

This article reviews the overall changes observed in
oncocytic metaplasia of the salivary gland with
histopathologic findings emphasizing on the origin of
oncocytes in general.

Aetiology and Theories of Origin

The World Health Organization classifies the oncocytic
neoplasms of salivary gland tumours into three categories:
nodular oncocytic hyperplasia, oncocytoma, and oncocytic
carcinoma. The presence of oncocytes in salivary gland ductal
epithelium is rare before the age of 50. As age advances
alterations in structure and function of glandular, ductal
structures are typical. Though there are no certain etiologic
factors mtDNA mutations sometimes are associated with
radiation, ultraviolet light, ozone, metals, pesticides, air
pollutants, pharmaceutical drugs, asbestos, and arsenic.
Oncocytomas originate mainly from the intercalated duct cells
consequently most of the oncocytomas occur in the parotid
gland abundant in intercalated ducts. Several theories on
biochemical changes occurring in mitochondria explain about
the formation of these oncocytes. During the life cycle,
cytoplasmic segregation occurs, giving rise to a range of cells
varying in bioenergetic capacity. Mitochondrial mutation
sometimes can happen due to a constant source of irritation.
Thus, cells that accumulate large numbers of mitochondrial
mutations will eventually get affected. Mitochondrial oxidative
metabolism increases under certain stress conditions and
such energy demands lead to a clinical manifestation
detectable in the different gland types. With age, few acinar
cells get replaced by fat and connective tissues, which are
incapable of secreting fluid. In adult lifespan, these changes
happen, but functional levels of gland in general remain.
Interaction of advanced glycation end products with cellular
receptors alters the level of gene expression. The cells with
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altered gene expression can undergo apoptosis, oxidative
stress, cytotoxicity, and necrosis. This scenario may not be
caused by a single stimulus alone since advanced glycated end
products are inducible by oxidative mechanisms as well as
oxidative stress. Mitochondria number raises due to a
functional defect; there is minimal production of adenosine
triphosphate constitutes the basis for understanding the
development of oncocytic neoplasms and their trend towards
multicentricity.5-14

It is evident that the oncocytes increase with age. The
mitochondrial DNA can be the target to stress from multiple
factors. The changes accumulate in a long span of life leads to
reduced function of the power house of the cell. The direct
internal hits to the cells result in the production of a higher
number of mitochondria to overcome the decreased cell
function. Under stress, the cellular demand for mitochondrial
oxidative metabolism rises. When there is an increased need
for tissue energy, it leads to changes in cellular function and
cell death eventually influences the severity of the underlying
pathology. These changes over time can bring out molecular
alterations.” The cellular oxidative phosphorylation process
gets affected to a considerable instance. The previous
literatures show a recurrence rate of 20% for oncocytic
lesions. According to Bonikos DS et al. the oncocytes form as
mitochondrial enzymes decline in number. Other theories of
oncocyte  formation include Medawar’s  mutation
accumulation hypothesis, Kirkwood’s disposable soma theory
and the concept of antagonistic pleiotropy. They have
described the changes observed could be because of mutation
in mitochondrial DNA. Inadequacies involving the cell
respiratory chain may not be the constant causative factor as
stated by Miiller-Hoécker et al. One more theory of antagonist
pleiotropy reports of mitochondrial senescence in cell
differentiation. Sanchez-Cespedes et al. have found a specific
mitochondrial genome responsible for the transformed
oncocyte.6-16

Histopathology and Ultrastructural Studies

Gross pathology of oncocytoma includes a brown homogenous
encapsulated tumour. It is a well-circumscribed lesion
consisting chiefly of oncocytes. It displays arrangement of
oncocytes in acinar, trabecular or nodular patterns also clear
cells can be part of it. Cohen and Batsakis have said that the
minor salivary gland oncocytomas are likely to infiltrate the
adjacent soft, bone tissues. The cells are polygonal with
granular acidophilic cytoplasm, round nucleus and a low
nucleus-cytoplasm ratio. The H&E stained sections display
highly eosinophilic shade differences giving rise to dark and
light stained oncocytes. They show in bundles with thin
strands of fibro-vascular stroma and intraluminal secretions.
Presence of oncocytes in normal ducts imply it may not be a
part of a tumour always, also contribute to assessing the
aetiology behind the origin. They often show extensive cystic
change. The phosphotungstic acid haematoxylin (PTAH)
staining is useful to exhibit numerous small, dark blue to black
granule of mitochondria. Other stains include Luxol fast blue,
cresyl violet, thionin and acid-Schiff. Electron microscopy
clearly reveals the increased number of mitochondria and
their often-swollen peculiar form. The cells have an enlarged
spherical stack of mitochondria filling up the 60% of the
cytoplasm. Under scanning electron microscope Riva et al has
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found oncocytes
mitochondria.47.14-17

constituting of pleomorphic

Immunohistochemical Studies

Antibodies against subunits of the respiratory chain are
markers of mitochondrial hyperplasia. Histochemical studies
done have found that the oncocytes in the salivary glands and
salivary gland tumours have enzymes associated with
mitochondria.l® As the mitochondria in the oncocytes are
increased, the carbonic anhydrase isoenzyme
immunoreactivity also increases. The reaction is due to
deficient coupling of oxidative phosphorylation.l® The
heterogeneity in mitochondrial morphology observed in
oncocytes is suggestive of an alteration of these organelles.
The mitochondrial discrepancies in oncocytes have been
documented to justify the hypothesis that the mitochondrial
hyperplasia of these cells may be due to a compensatory effect.
Oncocytomas show positivity for CK5/6, CK8/18, CK19, EMA.
MIB -1 monoclonal antibody was found to stain the cell
membrane and cytoplasm of the oncocytes. The salivary gland
tumour type-specific markers are very few. Shinmura et al.
found that the BSND protein expression part of chloride
transport, in the striated duct cells of normal salivary glands
besides normal kidney and the inner ear. So BSND
immunohistochemistry can be helpful in the diagnosis of the
kidney and salivary gland tumours. Ki-67 cell proliferation
activity analysis can be useful in planning the treatment for
oncocytoma of the salivary gland.20-24

Figure 1. A Band of Fibrous Capsule with Oncocytes,
Adipose Tissue, Normal Acini and Blood Vessels.(10x)

Figure 2. Oncocytes Granular, Round in Appearance with

Eosinophilic Cytoplasm.(40x)
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CONCLUSIONS

Oncocytomas of the salivary glands are generally benign
tumours. They rarely show proliferative activity into the
adjacent structures. The aetiology behind the formation of
these oncocytes are many. Degenerative changes in a cell
associated with exposure to drugs or chemicals might cause
changes in mitochondria. The mitochondrial DNA point
mutations due to altered oxidative phosphorylation
complexes are one of the main downsides for the oncocytic
genesis. The hypothesis of their origin of transformation has
been put forward by several researchers. The role of
numerous mitochondria and their functional inability to
maintain the bioenergetics pathway forms the basis for these
oncocytic changes.
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