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Oncocytes, epithelial cells displaying marked cytoplasmic acidophilia and 
granularity, are found in a variety of organs (HAMe]~L, 1931, 1933, 1962a; 
Zr~P]~L, 1942). Normally, they occur singly or in small clusters and appear to 
increase in frequency with age of the individual ( I t A ~ r ~ L ,  1962a). Scattered 
loci of oncocytes are also found in many  tumors, and several salivary gland 
tumors (Warthin's tumor and oncocytoma) consist primarily of oncocytes (ttAM- 
Pn~L, 1962a, b, c). Electron microscopic examination of such tumors has revealed 
tha t  these cells contain unusually high numbers of mitochondria (TAI~DL]~R and 
S~IPKWu 1964; McGAv~AN, 1965; BALOOm and ROTtI, 1965; T A ~ D ~ ,  1966). 

While the morphology of oncocytes in neoplasms of the salivary glands has 
been characterized, nothing is known of the nltrastructure of such cells in the 
normal salivary glands. In  this study, the fine structure of oncocytes found in 
acini and in intercalated and striated ducts of normal human salivary glands 
has been examined, and the possible mode of development of these cells is dis- 
cussed. 

Materials and Methods 
Specimens of normal haman salivary glands were obtained by sm'gery from patients 

ranging in age from 8 to 90 years. Some of the tissue was fixed directly in osmium tetroxide 
buffered with veronal-acetate (PALADE, 1952) or phosphate (MILLO~Ir 1961a), while other 
tissue was fixed in glutaraldehyde buffered with phosphate (SABATI~I, B~SC~, and BAR~- 
NETT, 1963) or in a mixture of acrolein and glutaraldehyde (SA~DBOR~ et al., 1964) buffered 
with veronal-acetate. Specimens fixed in these aldehydes were postfixed in osmium. The 
specimens were embedded in Maraglas-Dow Epoxy Resin 732, (E~LA~DSOlV, 1964) or in 
methacrylate. Sections were cut with a t)orter-Blum ultramicrotome, and were stained with 
lead hydroxide (MrLLo~Io, 1961b) prior to examination in a Siemens Elmiskop I electron 
microscope. 

Observations 
Oncocytes were observed in 5 of 25 specimens of submaxillary gland, in 1 

of 2 specimens of sublingual gland, and in 1 of 56 specimens of minor labial 
mucous salivary gland. While these cells occurred only in small numbers, they 
could be readily distinguished from normal cells. Regardless of their location in 
any of the various salivary glands, oncocytes contain numerous mitochondria and 
lack the characteristic specialized structures of neighboring cells. 

Most of the oncocytes were observed in the glandular acini, and are of several 
types, which may  represent stages in the development of these cells. The most 
common type contains mitochondria of relatively normal morphology (Figs. 1, 2 
and 3). These organelles, however, are packed so tightly tha t  only a few wisps 
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Fig.  1. A port ion of two oneocyt;es wi th in  an  acinus of the  sublingual  gland.  The mi tochondr ia  are of normal  
size, bub are ext remely  abundant .  A few of the mi toehondr ia  show increased numbers  of cristae. SC, secretory 

capillary, x 5,000 

Fig.  2. The basal  por t ion of an  aeinar  oncocyte in  the  submaxi l la ry  gland. 5~itoehondria of re la t ively normal  
appearance  are ve ry  numerous .  Vestiges of basal  folds (B/~) are present  ad jacen t  to the  ba semen t  m e m b r a n e  

(BM). x 18,000 
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Fig. 3. Oncocytes within an aeimls of the sublingual gland. The mitoehondria are greatly increased in number, 
and a few display tightly packed cristae. The nucleus is deeply notched and contains a prominent nucleolus. The 
oneocytes are joined to each other and to adjacent mucous cells (MU) by desmosomes (D) and tight junctions 
(T J). A transversely sectioned secretory capillary (SC) is seen in proximity to the aeinar lumen (Z,U). • 13,000 
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Fig. 4. An oncocyte within an acinus of the submaxillary gland. The oneoeyte rests on a basement membrane 
(BM), and is sin-rounded by myoepithelial cells (MY) and seromucous cells. I t  is joined to both cell types by 
small dcsmosomes (D). The nucleus is irregular, and the cytoplasm contains many bizarre mitoehondria. The 
size of these mitochondria should be compared with that of the organelles (~') in the adjoining cell Secretory 

granules are completely absent from the oncocyte. • 13,500 

of the cytoplasmic matrix arc evident. Oncocytes of this type frequently display 
rudimentary basal folds similar to those found in normal acinar cells (TANDLER, 
1962) (Fig. 2). In  the other types of oncoeyte, the mitochondria are also unusually 
abundant,  but  many  are enlarged and show striking changes in morphology 
(Figs. 4, 5 and 6). The mitochondrial cristae are increased in number and extent, 
and are disposed parallel to the long axis of the organelle, or are vesicular in form. 
Occasionally, enlarged, flattened mitochondria are observed in rouleaux-likc 
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aggregates similar to those seen in oneocytes of Warthin's tumor (TANDLER and 
SH~PKEY, 1964) and oneocytoma ( H ~ R ,  KLSI~ and SCHi~M~ELF~LDSR, 1965) 
(Fig. 6). The identical morphology and close juxtaposition of organelles in such 
aggregates suggests that  these groupings represent mitochondrial clones. In many 
of the flattened mitoehondria, the cristae are villiform, rather than lamellar. 
Viewed in profile, such eristae are seen to be polygonal. 

Fig .  5. Enlarged rai toehondria  wi th in  an  aeinar  oncoeyte in a labial sa l ivary  gland. The finger-like cristae are  
t r iangular  or !0olygonal in cross-section, x 32,000 

All aeinar oneocytes lack the extensive and highly organized endoplasmic 
reticulum usually found in aeinar secretory cells, but have a few, isolated ergasto- 
plasmie eisternae and abundant free ribosomes. Their luminal surfaces bear a 
few short mierovilli, and their lateral walls sometimes participate in the formation 
of a secretory capillary (intercellular eanalieulus) (Figs. 1 and 3). The oncocytes 
are attached to adjacent normal cells by tight junctions and small desmosomes 
(Figs. 3, l and 6). 

Like the oncocytes in the aeini, oneocytes in the intercalated ducts possess 
a great many mitoehondria. In this respect, they differ from normal inter- 
ealated duet cells, which contain only a few small mitoehondria (TA~)T.~R, 
1965). The mitochondria in these oncoeytes are increased in size, and are spherical 
to ovoid in form. The abundant cristae are usually closely packed. 

The oneocytes of the striated duets also differ from the adjacent normal cells. 
In  normal striated duct cells, mitochondria are quite numerous in the basal cyto- 
plasm. They are rod-shaped, with transverse eristae, and are lodged vertically 
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Fig.  6. Oncoeyte mi toehondr ia  in an  aeinus of a labial sa l ivary  gland. The degree of enlargement  of these organelles 
is indicated by  compar ison wi th  a normal  mitoehondrion in an  ad jacent  mucous cell (~'). The f la t tened mi tochondr ia  
are a r ranged  in a s tack  and  possess vi! l iform eristae. Some of the  mi toehondr ia  conta in  dense, 100 A part icles 

in their  ma t r ix .  • 32,000 

Fig.  7. Oneocytes in a s t r ia ted  due t  of the submaxi l la ry  gland, The lumen  (not  shown) is to the r igh t  and  the  
basemen t  m e m b r a n e  (BM) is to the left. These cells lack the h igh ly  complex m e m b r a n e  specializations normal ly  
found in the  base  of s t r ia ted  duct  cells. ~/Iitochondria are abundan t  in bo th  the apical and  basal  es, toplasm, and  
show grea t  var iabi l i ty  in form. A rouleaux-likc aggrega te  of these organelles is present  in the cell a t  the  lower 

r ight .  GA, Golgi appara tus .  • 9,000 
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in cytoplasmic processes at the base of the cells (TA~DLER, 1963). In oncocytes 
of the striated ducts, the basal processes are absent, and randomly oriented mite- 
chondria are abundant not only in their basal cytoplasm, but in their apical 
cytoplasm as well (Fig. 7). The mitoehondria of striated duct oncocytes display 
a greater degree of pleomorphism within individual cells than they do in once- 
cytes in other sites. They range in form from small rods to large, ovoid structures 
with an increased number of cristae. In many of the larger mitochondria, the 
cristae are observed to be finger-like. Flattened mitochondria are frequently 
observed in aggregates similar to those found in some acinar oncocytes. In duct 
oncocytes, such aggregates are most frequently found in the supranuclear cyto- 
plasm. 

IntramitochondriM dense granules were not observed in any of the oncocytes 
in the salivary glands, but were plentiful in neighboring cells. Unlike mitochondria 
in oncocytes of Warthin's tumor (TA~I)LER and S~IPK~Y, 1964; TA~Dz~g, 1966) 
or of oncocytoma (BAun~ and McGAvRA~, 1964) none of the mitochondria in 
salivary gland oncocytes contained deposits of glycogen or accumulations of dense, 
amorphous material. 

Discussion 

On the basis of light microscopical observations, I { A M ~ L  (1931, 1933, 
1962a, b, c) concluded that  oncocytes represent a form of cellular degeneration 
or "regression". This contention is supported by the present report, since once- 
cytic cells, regardless of their location in salivary glands, appear to lose all signs 
of organ specific differentiation. That  the change from a normal to an oncocytie 
cell may be gradual is indicated by the observation of transitional cells in the 
parathyroid gland (MugGeR and t~OTK, 1963). In the human salivary glands, the 
earliest observable change is a great increase in the number of mitochondria. In 
this stage, these organelles are of typical morphology, but consistently lack the 
intramitochondrial dense granules present in the mitoehondria of adjacent normal 
cells. The absence of these granules from oncoeyte mitochondria is not an artifact, 
but may reflect a change in function. 

In addition to the lack of intramitochondrial dense grannies, these nascent 
oncocytes are deficient in cytoplasmic membrane systems. Remnants of specialized 
structures, such as basal folds, may nevertheless remain. As oncocytic trans- 
formation progresses, the cells become completely devoid of any trace of their 
former specialized cyto-architectnre, and the mitochondria undergo the drastic 
changes in number and morphology which have been described. 

The enormous increase in size of the mitochondrial population in oncocytes 
may be expected to be accompanied by a corresponding elevation in the level 
of activity of the various mitochondrial enzymes. When oncocytes are compared 
with their normal counterparts by histochemical means, the results vary. Those 
oncocytes whose mitochondria are of normal morphology show considerably en- 
haneed enzymatic activity (FIscK~R, 1961 ; TgEMBLAY and PEA~SE, 1959), while 
those oncocytes whose mitochondria are altered in size or form display little or 
no enhancement of oxidative enzymes (BALoGH and RoT~, 1965; C~Av~cEY, 
SHI;LAR and BRooKs, 1962; SI~KLA~ and C~AuNc~Y, 1965). I t  has been shown 
( K ~ o v s K Y ,  1963) that  under certain environmental conditions the mitochondria 
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of the tubule cells of the frog nephron undergo morphological changes resembling 
those in oncocytes, and that  their cytochrome oxidase activity virtually dis- 
appears. Similarly altered mitochondria have also been observed in many patho- 
logical conditions, and have been related to impaired function (TgUMP and 
Eglcsso~, 1965). 

Recent studies have firmly established the presence of DI~A within mito- 
chondria. I t  has been suggested that  this mitochondriM DNA may carry genetic 
information involved in the control of mitochondrial structure, function, and 
number (W~LKIE, 1964; RA~INOWlTZ et al., 1965). I t  is possible, therefore, that  
changes in the mitochondrial genome may be responsible for initiation and pro- 
mulgation of the oncocytic process in salivary gland cells and in cells of other 
organs. This does not exclude the possibility that  some mitochondrial components 
may be altered by nuclear mutation (EPHRUSSI, 1953). 

Since oncocytes retain the ability to divide (ItAMPERL, 1962a), supervention 
of neoplastic transformation would result in a tumor composed of oncocytes, such 
as the oncocytoma. This sequence is not fixed, and cells that  are already neo- 
plastic may secondarily undergo oncocytic change. For example, FOOTE and 
F~AZnLL (1953) reported that  loci of oncocytes are present in about 10 per cent 
of mixed tumors of salivary gland origin. 

Summary 
Oncocytes, cells displaying marked cytoplasmic acidophilia and granularity, 

are present in the acini and ducts of normal human salivary glands. These cells 
apparently originate by a process of sequential transformation of normal epithelial 
cells. In the early forms, there is a great increase in the number of mitochondria, 
which are typical in morphology. In later oncocytes, these organelles undergo 
striking changes in form and size. These mitochondrial changes are accompanied 
by the gradual disappearance from the oncocyte of other cytoplasmic membrane 
systems and of plasmalemmar specializations. I t  is suggested that  the structurally 
modified mitochondria are biochemically deficient. 

The author acknowledges the exper~ technical assistance of Mr. RoY 1%. KEPPIE and 
Mrs. MoNA BRA~DRET~. 

Fine Structure of 0neoeytes in Human Salivary Glands 

Die Feinstruktur der 0nkoeyten in Speicheldriisen der Menschen 

Zusammenfassung 
Onkocyten linden sich sowohl in den Acini wie in den Ausffihrungsg~ngen 

normaler Speicheldrfisen. Sic besitzen ein eosinophil granuliertes Cytoplasma und 
sind wahrscheinlich AbkSmmlinge normaler Drfisenzellen, aus denen sie sich fiber 
eine l~eihe von Zwischenstnfen entwickein. Die Frfihformen zeigen eine starke 
Zunahme der Mitochondrien. In den spi~ten Stadien erfahrcn die lV[itoehondrien 
charakteristische Ver~nderungen in bezug auf Form und Gr6~e, begleitet yon 
einem Schwund der cytoplasmatischen Membransysteme and weiterer plasma- 
cellul~rer Spezialorganellen. Die gesch~digten Mitochondrien dfirften auch in ihrer 
biochemischen Leistung beeintrs sein. 
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