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Summary. The cellular changes in salivary gland
parenchyma with chronic inflammation were stud-
ied immunocytochemically with a panel of anti-
bodies. Myoepithelial cells were labelled with anti-
myosin, duct cells with a polyclonal anti-callus pre-
keratin, a monoclonal anti-keratin CAM 5.2 and
a monoclonal anti-keratin 7 (RPN 1162), and a
subpopulation of basal duct cells with a monoclon-
al anti-keratin 16a. The wide range of changes ob-
served were similar to those described following
experimental duct ligation. One of the most strik-
ing features was the survival of myoepithelial cells
surrounding persisting acini and ductal structures.
Most of these ductal structures appeared to be ei-
ther surviving intercalated ducts or were altered
acinar cells. There was no evidence of myoepithe-
lial or ductal hyperplasia. The 16a positive basally
located duct cells which are conspicuous in normal
glands, pleomorphic adenomas and in the epitheli-
al islands in lymphoepithelial lesions (Palmer et al.
1985; 1986) were virtually absent, except in one
specimen with mild inflammatory changes. If this
cell type represents a reserve cell, then loss of it
may preclude recovery of the remaining parenchy-
ma following resolution of inflammation.
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Introduction

Chronic sialadenitis is a common complication of
duct obstruction usually due to calculi, and is most
common in the submandibular gland (Mason and
Chisholm 1975). This results in gradual loss of
acinar cells, an increase in the number of duct cells,
periductal lymphocytic infiltration and fibrosis.
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There has been comparatively little research
into the cellular changes in the parenchyma during
and following inflammation in human salivary
glands and the submandibular gland has received
most attention (Tandler 1977). However, the ef-
fects of duct ligation have been studied in a number
of animal species using histology, enzyme histo-
chemistry and electronmicroscopy (Harrison and
Garrett 1976a, b; Tamarin 1971a, b), and the ob-
served results appear similar to many of the
changes described in chronic sialadenitis. It has
been suggested by Tamarin (1971 a), that the alter-
ations in the parenchyma of glands during recov-
ery from duct ligation are very similar to changes
during embryological development. Sialadenitis
may, therefore, be an interesting model to study
the effects it has on cellular differentiation, and
may provide further insight into the changes dur-
ing salivary gland neoplasia.

The application of immunocytochemical tech-
niques using antibodies to cytoplasmic filaments
allows characterization of cell types within normal
and pathological tissue and has been useful in the
study of salivary tumours (Caselitz and Loning
1981; Caselitz et al. 1981a, b; 1982; Palmer et al.
1985) and disorders such as Sjogren’s syndrome
(Palmer et al. 1986; Saku and Okabe 1984). The
aim of the present study was to apply these tech-
niques to specimens of inflamed human subman-
dibular and parotid glands in order to study chan-
ges in cellular differentiation.

Materials and methods

Specimens of inflamed submandibular (5 cases) and parotid
glands (4 cases) were obtained at the time of surgery. The glands
had given persistent signs and symptoms of chronic sialadenitis
and many had salivary calculi.

The tissue was fixed in methacarn (60% methanol, 30%
chloroform, 10% acetic acid) and paraffin processed before
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immunoenzyme staining as previously described (Palmer et al.
1985). The following primary antibodies were used:

1. Rabbit anti-smooth muscle myosin, previously shown to
stain myoepithelial cells (Palmer et al. 1985; Palmer 1986).

2. Rabbit anti-human callus prekeratin, shown to stain all duct
cells in normal salivary glands (Palmer et al. 1985).

3. A monoclonal anti-keratin CAM 5.2 (Becton Dickinson,
Twickenham, UK) to keratins of 39K, 43K, and 50K daltons,
recognising mainly secretory epithelia.

4. A monoclonal anti-keratin (16a) to keratin of 45/46K dal-
tons previously shown to stain a subpopulation of duct cells
in normal glands (Palmer et al. 1985; 1986).

5. A monoclonal anti-glandular epithelia RPN 1162 (Amer-
sham, Aylesbury, UK) which reacts with keratin 7.

6. A monoclonal antibody to type IV collagen shown to stain
basement membranes (Gusterson et al. 1984; Palmer et al.
1985).

Appropriate alkaline phosphatase-conjugated secondary
antibodies (Sigma, St. Louis, 110, USA) were used in the im-
munoenzyme technique and fluorescein-conjugated antibodies
(Dako, Denmark) for immunofluorescence (Palmer 1986).

Results

The results of immunocytochemical staining in
normal salivary glands with anti-smooth muscle
myosin, anti-callus prekeratin and monoclonal 16a
have been published previously (Palmer 1986;
Palmer et al. 1985; 1986).

1. Anti-smooth muscle myosin

Myoepithelial cells were clearly stained surround-
ing the remaining acini and the simple duct-like
structures in both the inflamed parotid and sub-
mandibular glands (Figs. 1 and 2). In some speci-
mens the myoepithelial cells were more conspicu-
ous than in normal glands.

2. Anti-callus prekeratin

This antibody produced staining of intercalated,
striated and excretory ducts in normal glands. In
the inflamed specimens the remaining duct struc-
tures stained strongly with this antibody (Fig. 3)
and appeared to be more numerous than in normal
salivary glands.

3. Monoclonal CAM 5.2

In normal glands this antibody had a very similar
staining distribution to the anti-callus prekeratin
but there was also some positive staining of the
acinar cells which was mainly limited to the cell
membrane (Fig. 4). All the duct-like structures in
the inflamed glands were positive with this anti-
body (Fig. 5).
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4. Monoclonal 16 a

This antibody stained a subpopulation of basally
located duct cells in the striated and excretory
ducts of normal salivary glands and less con-
sistently intercalated duct cells (Fig. 6). A commer-
cially available monoclonal antibody against kera-
tins 6, 18 (Dako-CK 1) showed a very similar stain-
ing distribution in methacarn-fixed tissue (unpub-
lished observation).

In the inflamed glands there were no positively
stained basally located duct cells in 8 of the 9 speci-
mens. Positively stained cells were observed in only
one parotid gland specimen where the basally lo-
cated cells were not entirely typical as they were
spindle shaped rather than cuboidal (Fig. 7). In
addition there was staining of the luminal cyto-
plasm in many of the ducts, a feature which was
not present in normal glands. Other specimens
were either negative or showed faint or focal stain-
ing.

5. Monoclonal RPN 1162

In normal glands there was staining of duct cells
which was most conspicuous on the luminal aspect
(Fig. 8). The acini were negative. The full thickness
of the ductal structures was positively stained in
the inflamed glands with no increased tendency
towards luminal staining (Fig. 9).

6. Anti-type IV collagen

Type IV collagen staining was positive to a varying
degree around the remaining parenchymal tissue
and blood vessels (Fig. 10). ‘

Discussion

The specimens described in this paper had been
affected by acute and chronic inflammation and
obstruction due to salivary calculi. Many of the
pathological changes were similar to those de-
scribed following experimental duct ligation. How-
ever, the varation in the cellular differentiation
in chronic sialadenitis is probably greater due to
the effects of bacterial infection and the length of
time the disease has been established.

The role of the myoepithelial cell in normal
and neoplastic salivary glands has received consid-
erable attention and therefore the effects of inflam-
mation on this cell type was of particular interest.
The myoepithelial cell survives the inflammatory
changes extremely well and could be clearly identi-
filed immunocytochemically. This has also been
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Fig. 1. Immunofluorescence with anti-myosin showing staining of myoepithelial cells in a submandibular gland specimen. x 270

Fig. 2. Immunoenzyme staining with anti-myosin and alkaline phosphatase conjugated secondary antibody showing myoepithelial
cells surrounding duct-like structures in an inflamed parotid gland. x 270

Fig. 3. Immunoenzyme staining with anti-callus prekeratin in an inflamed parotid gland specimen. x 180
Fig. 4. CAM 5.2 staining of ducts and the periphery of acinar cells in a normal gland. x 180
Fig. 5. CAM 5.2 staining of multiple duct-like structures in an inflamed gland. x 180

Fig. 6. Monoclonal 16a staining of subpopulations of basal cells in excretory ducts and striated ducts and some luminal staining
in intercalated ducts in a normal gland. x 180
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Fig. 7. Flattened basal duct cell staining with monoclonal 16a of excretory ducts and some smaller ducts in a parotid gland

specimen. x 180

Fig. 8. Monoclonal RPN 1162 shows staining mainly of the luminal aspects of the excretory, striated and intercalated ducts

in a normal gland. There was no staining of acinar cells. x 180

Fig. 9. Monoclonal RPN 1162 shows multiple duct-like structures and some acinar cells showing weak staining in an inflamed

gland specimen. x 180

Fig. 10. Remaining parenchyma and blood vessels in an inflamed gland outlined with type IV collagen. x 270

verified ultrastructurally (Unpublished observa-
tion — Fig. 11, Tandler 1977). Myoepithelial cells
have been shown to be relatively unaltered follow-
ing experimental duct ligation (Tamarin 1971a) or
to assume unusual ultrastructural configurations
(Emmelin et al. 1974; Garrett and Emmelin 1979).
Tandler (1977) described myoepithelial cells sur-
rounding intercalated type ducts in inflamed sub-
mandibular glands. He suggested that there was
no evidence of myoepithelial hyperplasia, in con-
trast to the supposed myoepithelial hyperplasia in
benign lymphoepithelial lesion which has since
been disputed (Saku and Okabe 1984 ; Palmer et al.
1986). In the present material the myoepithelial

cells often appeared to be more conspicuous but
this was probably as a result of the decrease in
the volume of parenchyma and the survival of the
myoepithelium.

The cellular changes within acinar cells in siala-
denitis may be similar to those described in glands
which had been experimentally ligated (Tamarin
1967; 1971a, b; Harrison and Garrett 1976a, b).
In some areas the acini were of normal appearance
and were surrounded by normal myoepithelial
cells. Loss of secretory vesicles and the accumula-
tion of more intermediate filaments in the acinar
cells, would ultimately result in cells which resem-
ble duct cells. This is seen experimentally within
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Fig. 11. Surviving myoepithelial cell in an inflamed parotid gland showing typical ultrastructural features including dense bundles
of microfilaments, micropinocytotic vesicles and well developed basal lamina. x 16000

31 days of ductal ligation (Tamarin 1967) and a
similar sequence of events in sialadenitis would
lead to a relative increase in the number of duct-
like cells which would be surrounded by myoepith-
elial cells. The immunocytochemical staining with
the anti-callus prekeratin and monoclonals
CAM 5.2 and RPN 1162 confirmed the apparent
increase in the number of ductal structures. In par-
ticular, it could be seen in some specimens that
altered acinar cells stained with anti-callus prekera-
tin and CAM 5.2 whereas they were negative or
showed staining only at the periphery of the cells
in normal glands. This is most probably due to
loss of the specialized characteristics of the acinar
cells and change to a more simple duct-like cell
type. Keratin 7 expression (which is typical of sim-
ple epithelia) by the duct-like cells supports this
observation. In the normal process of differentia-
tion epithelial cells usually continue to express the
keratins of their cell origin, even in neoplasia (Lon-
ing etal. 1980; 1982). The observation that the
acinar cells express different keratins following in-
flammatory changes may be due to the fact that

the cytoplasm, which is now devoid of secretory
vesicles has an increase in the keratin content
which is then detectable with the antibody or to
a change in the microenvironment leading to ex-
pression of different keratins. This is a much more
likely explanation of the apparent increase in the
number of ductal structures rather than hypotheses
based upon ductal hyperplasia which would also
require concomitant myoepithelial hyperplasia to
explain the present results. Tandler (1977) sug-
gested that the duct cells in sialadenitis were de-
rived from three possible sources: intercalated
ducts, striated ducts or an ambiguous origin. As
the duct-like structures of ambiguous origin in his
study were surrounded by myoepithelial cells he
proposed that the majority were derived from in-
tercalated ducts. Tandler’s results could equally be
interpreted as showing an origin of these ducts
from altered acinar cells.

In ligation experiments where the ligatures were
removed and the glands allowed to recover, many
of the changes were reversible (Tamarin 1971).
During the recovery phase the regenerative chan-
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ges resembled differentiation that occurs during
embryonic development of salivary tissue. In
chronic sialadenitis, similar changes would be pre-
vented by persistent inflammation.

One of the most interesting findings was the
sparsity of 16a positive basal duct cells in the in-
flamed glands. Only one specimen had appreciable
numbers of these cells in the expected location.
This specimen was only moderately inflamed and
probably showed earlier inflammatory changes
than the other specimens. Further inflammation
may result in alteration of expression of this kera-
tin or loss of this cell type. In this gland, 16a posi-
tive cells had lost their normal cuboidal appear-
ance and were flattened or spindle-like. Therefore
the morphology of these cells was very similar to
myoepithelial cells. However, we have never ob-
served 16a positive myoepithelial cells in any speci-
mens of normal salivary tissue although it is possi-
ble that myoepithelial cells may express this keratin
following inflammatory changes. It has previously
been suggested that the basally located duct cells
could represent a ‘reserve cell population” and that
they may be important in neoplasia and ductal
hyperplasia in lymphoepithelial lesions (Palmer
et al. 1985; 1986). If this hypothesis is correct then
one would expect to see a persistence or increase
in these cells if there were true ductal hyperplasia
in sialadenitis. The absence of this cell population
in most inflamed glands adds support to the earlier
suggestion that the apparent increase in duct cells
is due to loss of acinar cell characteristics and the
assumption of a simple, duct cell phenotype.

Further investigations using a wider panel of
anti-keratin antibodies on frozen sections for the
preservation of optimal antigenicity, and correla-
tion with ultrastructural changes together with
quantitative data, would hopefully clarify some of
the suggestions made in this paper.
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