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Abstract
Mast cells in labial salivary glands obtained
from patients with xerostomia with or without
focal sialadenitis/Sjogren's syndrome were
studied. There was no significant correlation
between the intensity of local lymphocyte
infiltration and the morphometrically analysed
number of mast cells staining positive with
toluidine blue. Histamine staining with
heterologous lIC antiserum showed signifi-
cantly fewer positive cells than staining with
toluidine blue (mean (SD) 62 (10) v 138 (30)).
This suggests heterogeneity of the mast cell
population. Furthermore, there was a corre-
lation between the focus score and the
number of mast cells containing histamine.
This suggests that the proliferation of mast
cells containing histamine may be locally
regulated by the immune inflammation,
possibly through mediators from macrophages
and fibroblasts. In contrast, the number of
mast cells staining positive with toluidine blue
could not be used as a marker of the degree of
local inflammation. Although transmission
electron microscopic analysis did not disclose
signs of 'en masse' mast cell degranulation,
mast cells may have a role in the local disease
process.

Previously, mast cells have been mainly associ-
ated with hypersensitivity reactions. Mast cell
mediators, however, play a part not only in
hypersensitivity reactions but also in the in-
flammation process.' 2 Several recent studies
focusing on mast cells in inflammatory diseases
have detected increased numbers of cells in
various connective tissue diseases, including
synovial tissue in rheumatoid arthritis (RA).3 4
In Sjogren's syndrome the salivary glands
gradually become filled with inflammatory cells.
The focal sialadenitis may be responsible for the
xerostomia of patients with Sjogren's syn-
drome.5 6 Mast cells were previously studied by
metachromatic toluidine blue staining of the
labial salivary glands of patients fulfilling the
1958 criteria of the American Rheumatism
Association for RA.7 The study showed that the
number of mast cells was higher in patients than
in healthy controls.7 This finding may indicate
that many patients with chronic RA have some
type of underlying, secondary Sj6gren's syn-
drome. As the inflammatory component of the
salivary glands of patients with Sjogren's syn-
drome is obvious,8 and as previous studies
indicate that mast cells may participate in
sialadenitis, we decided to study the number

and degree of degranulation of mast cells in
labial salivary gland biopsy specimens of patients
with Sjogren's syndrome. The aim was to
evaluate the eventual participation of mast cells
in this particular inflammatory process.

Patients and methods
PATIENTS
Labial salivary gland biopsy specimens were
obtained from 12 patients, who had all given
their informed consent to the biopsy. The
project was also accepted by the local ethical
committee. Eight patients had Sjogren's syn-
drome according to the Copenhagen criteria9-
two had primary Sjogren's syndrome and six
secondary Sjogren's syndrome associated with
RA according to the 1987 criteria of the
American Rheumatism Association.'0 The
remaining four patients had other diseases-two
patients had RA, one systemic lupus erythe-
matosus, and one sialolithiasis. The patients
who did not, in the final evaluation, have
Sjogren's syndrome, were suspected of having
that condition on clinical grounds. Labial
salivary gland biopsy may be the single most
important procedure in confirming or excluding
Sjogren's syndrome which has been indicated
clinically8 and is therefore suggested to all
patients with possible Sjogren's syndrome at
our institution. All patients had foci in their
labial salivary gland biopsy specimens, but the
focus score exceeded one only in patients with
Sjogren's syndrome.

BIOPSY SPECIMENS
Labial salivary gland biopsy specimens were
taken under local anaesthesia (Citanest-Octa-
pressin, Asta, S6dertalje, Sweden). A long
transverse incision (about 20 mm) was made on
the mucosa of the lower lip, close to the
comissure, to avoid disturbing the sensory
nerves. The salivary glands were removed
separately by blunt dissection, and frozen.8

DEMONSTRATION OF MAST CELLS WITH TOLUIDINE
BLUE STAINING
For staining with toluidine blue the frozen
glands were cut in a cryostat. The specimens (6
,tm thick) were fixed in cold (4°C) acetone for
five minutes. After fixation the specimens were
washed in phosphate buffered saline (PBS), pH
7-2, and then stained with toluidine blue for five
minutes. After staining, the specimens were
washed in running water for 10 minutes,
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dehydrated in alcohol, cleared, and then
mounted.

IMMUNOHISTOCHEMICAL STAINING FOR MAST
CELLS
The frozen specimens (6 Ztm thick) were fixed in
paraformaldehyde for five minutes and then
washed in PBS. Intrinsic peroxidase was inhibi-
ted by pretreating the specimens with 3% H202
diluted with PBS for five minutes. After wash-
ing the specimens in phosphate buffered saline
they were treated sequentially with peroxidase-
antiperoxidase staining": (1) normal swine
serum (dilution 1:5; Dakopatts, Copenhagen,
Denmark) for 30 minutes; (2) 1 IC antiserum
specific for histamine (dilution 1:500) for 60
minutes'2 13; (3) swine-antirabbit IgG (dilution
1:200, Dakopatts) for 30 minutes; (4) horse-
radish peroxidase-antihorseradish peroxidase
complex (dilution 1:200; Dakopatts) for 30
minutes.

After stages 2, 3, and 4 the specimens were
washed in PBS. 3,3-Diaminobenzidine tetra-
hydrochloride was used to produce the peroxi-
dase colour reaction. The tissue sections were
incubated in 3,3-diaminobenzidine tetrahydro-
chloride (50 mg in 150 ml PBS) with 0-003%
H202 substrate for seven minutes and then
washed in PBS. Counterstaining was performed
with haematoxylin. The specimeis were
finally washed, dehydrated, cleared, and
mounted. To test the specificity of the immuno-
peroxidase staining the first antiserum was
replaced by either PBS or normal rabbit serum.

TRANSMISSION ELECTRON MICROSCOPY
Several small (about 1 mm3) pieces were cut for
ultrastructural study from three patients with
Sjogren's syndrome. This tissue was fixed for
one hour in 3% phosphate buffered glutaralde-
hyde and post-fixed in osmium tetraoxide. After
dehydration in ethanol the specimens were
embedded in Epon and sectioned into 40-60 nm
thick sections. The specimens were mounted in
copper grids coated with Formvar and stained
in uranyl acetate. The mast cells were examined
with a JEOL LEM-1200 EX transmission
electron microscope.

EVALUATION OF THE RESULTS
The number of mast cells in the specimens
stained with toluidine blue and histamine
specific 1 IC was counted by oil immersion, in a
light microscope (magnificationx 1000). The
interobserver coefficient of variation was less
than 0-05 for toluidine blue and histamine
staining.
The intensity of inflammation was deter-

mined by counting the inflammatory cell foci/4
mm2 of glandular tissue, thus determining the
focus score index as described by Greenspan
et al.'4 The mean (SD) was used to express
dispersion. The significance of the differences
was tested with Wilcoxon's rank sum test.
Linear regression analysis was used to study the
correlation between two variables.

Results
After staining with toluidine blue the meta-
chromatic mast cells were seen as violet, granular
mononuclear cells (fig 1). Histamine staining
using 1IC antiserum in the peroxidase-anti-
peroxidase method stained mast cells brown (fig
2). Mast cells were usually located in the
periphery of the lymphocyte foci or diffusely
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Fiure I Mast cells in a labial salivary gland ofa patient
with Sjogren's syndrome stained with toluidine blue. The
mast cells are here seen as round or ovoid granular cells
(arrows).
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Figure 2 Mast cels in a labial salivary gland ofa patient
with Sj6gren's sndrome stained with histamine specific IIC
antiserm. The histamine positive browm cells are here
marked with arrows.
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scattered in the salivary tissue stroma. Staining
controls confirmed the specificity of immuno-
peroxidase staining. Plain transmission electron
microscopy showed typical nuclear morphology
and cytoplasmic granules (fig 3).
Morphometry disclosed 138 (30) mast cells

per 10 mm2 labial salivary gland tissue stained
positive with toluidine blue, but there was no
correlation between the number of mast cells
and the intensity of inflammation as assessed by
focus score counting (y= 1-323+0 007x,
r=0-486, p>005; fig 4).

In contrast with staining with toluidine blue,
1 IC staining disclosed only 62 (10) mast cells
per 10 mm2 labial salivary gland tissue. This
difference was significant as compared with the
number of cells stained positive with toluidine
blue (p=0 01; fig. 5). Furthermore, there was a
significant correlation between the degree of
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Figure S Comparison between the morphometncally
evaluated number oftoluidine blue positive cells and the
nunber ofhistamine positive cells. Wilcoxon's rank sum test
forpaired samples, p=0 01. LSG=labial salivary gland.

Figure 3 Ultrastructural appearance ofa mast cell in a labial salivary gland ofa patient
with Sj6gren's syndrome. Note the abundance ofsecretory granules lacking signs of
degranulation.

Figure 4 Dependence of
toluidine blue positive
metachromatic mast cell
number on the intensity of
the local tissue inflammation
as assessed byfocus score.
y=1 323+0 007x,
r=0-486, p>0 05 in linear
regresswn analysis.
LSG=labial salivary
gland.

5

w

cn0

CO)

0
U- 2

1

5

4

0 *.
w

a:0
c)
CO
C.)
00L

0

3

2

1

0

0

100 200 300
NUMBER OF TOLUIDINE BLUE

POSITIVE CELLS/10mm2 LSG TISSUE

NUMBER OF 11C POSITIVE
CELLS/10 mm2 LSG TISSUE

Figure 6 Dependence ofhistamine containing IICpositive
cells on the intensity ofthe local tissue inflammation as
assessed byfocus score counting.y= -0 033+0 037x,
r=0-837, p<0 001 in linear regression analysis.
LSG=labial salivary gland.
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inflammation and the number of mast cells
containing histamine (y= -0-033+0037x,
r=0-837, p<0 001; fig 6). There was no clear-
cut difference between primary and secondary
Sjogren's syndrome as to mast cell numbers in
toluidine blue and 1 IC staining. Because only
two patients in this series had primary Sjogren's
syndrome, however, the possibility of a differ-
ence remains.
The ultrastructural appearance of the mast

cells was normal. The mast cells were character-
istic, with membrane bound secretory granules
lacking signs of degranulation filling up a large
part of the cytoplasm. The nuclei were round or
ovoid, and the plasma membrane contained
several microvilli (fig 3). No degranulated mast
cells were seen in situ in the labial salivary gland
biopsy specimens studied.

Discussion
In this study the presence of mast cells in labial
salivary gland biopsy specimens was shown by
histochemical toluidine blue staining, immuno-
histochemical histamine staining, and transmis-
sion electron microscopic evaluation of the fine
structure. Toluidine blue staining shows the
proteoglycan matrix of the mast cell granules,
the heterologous 1 IC antiserum labels mast cell
mediator histamine, and transmission electron
microscopy demonstrates the typical ultra-
morphology.'5 16 Although mast cells show
heterogeneity in their histochemical, functional,
and morphological criteria,'7 our study, based
on three different, independent methods,
established beyond any doubt that mast cells are
present in diseased salivary glands in Sjogren's
syndrome.
Mast cells have been implicated in various

diseases, particularly allergic rhinitis, asthma,
and anaphylaxis. Mast cells modify homeostatic
regulation and effect functions, such as mucus
production, microcirculation and blood vessel
growth, and bone remodelling. They have also
been implicated as markers of inflammatory
disorders.6 18 In particular, mucosal type mast
cells-easily overlooked in routine histological
analysis owing to poor visualisation after
formalin fixation-depend on T cell derived
interleukin-3 for their proliferation. 17-19 The
factors regulating the proliferation of connective
tissue mast cells are less clear but they seem to
be derived from macrophages and fibroblasts.20
Therefore, one would expect that active focal
sialadenitis would be accompanied by extensive
proliferation of mast cells in situ. The extent
of labial salivary gland participation can be
assessed by focus score counting according to
Greenspan.8 14 Comparison of the focus score
and the number of mast cells assessed by
routine toluidine blue staining with the aid of
linear regression analysis showed no clear-cut
positive correlation. This finding suggests that
there are factors other than local T cell activation
and interleukin-3 production that affect the
number of cells metachromatically staining
positive with toluidine blue.
The number of metachromatic cells stained

by toluidine blue was consistently higher than
the number of cells containing histamine
stained by the 1 IC antiserum.'2 13 This suggests

that labial salivary gland mast cells are a
heterogeneous population.2' 22 Interestingly,
there was a highly significant positive correlation
between the number of histamine stainable mast
cells and the degree of the local immune
inflammation as assessed by focus score count-
ing. This suggests that the number of histamine
stainable mast cells-in contrast with cells
staining positive with toluidine blue-may be
used as a marker of local inflammation. Connec-
tive tissue mast cells contain much more hista-
mine than mucosal mast cells (1(-30 pg/cell v
<0-2 pg/cell'7). Possibly, therefore, it may be
the number of histamine rich connective tissue
mast cells and not the number of mucosal mast
cells that is regulated by the intensity of focal
sialadenitis in labial salivary glands in patients
with Sjogren's syndrome. This is compatible
with the earlier findings suggesting that, apart
from the major histocompatibility complex
locus II la antigen expression in small lympho-
cytes, signs of T cell blast transformation are
scanty in situ in labial salivary gland biopsy
specimens in Sjogren's syndrome.23 Possibly,
there is a local macrophage activation in labial
salivary glands in Sjogren's syndrome, but this
has not been studied.
We also considered the possibility that

degranulation and depletion of the granular
histamine content may explain the discrepancy
between the number of cells staining positive
with toluidine blue and the number ofmast cells
containing histamine. Transmission electron
microscopy did not disclose ultramorphological
signs of degranulation, however. It therefore
seems that mast cells-although useful as
markers of inflammation-may not be actively
influencing the local disease process. On the
other hand, it seems that by using toluidine blue
staining of the granule proteoglycan matrix, we
can avoid the 'false negative' results seen when
histamine staining is used in the assessment of
labial salivary gland mast cells.

Interactions between antigen presenting cell
or antigen, or both, with T and B lymphocytes
have been usually regarded as central in the
pathogenesis of Sjogren's syndrome.6 Recent
evidence suggests that the salivary duct epithe-
lial cells might be the primary target for a viral
infection,24 25 for example, though it is difficult
to exclude the possibility that the immunological
disturbances only allow abnormal expression of
incorporated or episomal viral genome in cells
so affected.26 In any case it is unlikely that
lymphocyte activation itself would be enough to
cause destruction of salivary glands. One of the
possible non-specific effector mechanisms
recruited is the mast cell system.1'20 Our study
clearly shows that the mast cells are affected and
serve a useful purpose as markers of inflam-
mation. In spite of this there was no ultra-
morphological evidence for en masse degranu-
lation of the local mast cells. This does not
exclude the possible release of various potent
mast cell mediators, which include bioactive
amines, eicosanoids, and various polypeptide
mediators.22 Therefore, further studies are
needed to assess more specifically an eventual
pathogenetic role in Sjogren's syndrome of
these intriguing cells.
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