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SUMMARY: Sjögren’s syndrome is an autoimmune disease that primarily affects the salivary and lacrimal glands. In these
glands, focal lymphocytic infiltrates develop. Little is known about the initiation of this autoimmune disease. Antigen-presenting
cells (APC) such as dendritic cells (DC) can play a role in the initiation of autoimmunity. To date, no data on the presence of DC
in Sjögren’s syndrome are available. Several mouse strains, the nonobese diabetic (NOD) and the MRL/lpr mouse, can be used
as models for Sjögren’s syndrome. We compared the development of sialoadenitis in the submandibular glands (SMG) of NOD
and MRL/lpr mice with particular focus on the presence of APC. DC, macrophages, T cells, and B cells in the SMG were studied
by means of immunohistochemistry, after which positively stained cells were quantified. NOD-severe combined immunodefi-
ciency (SCID) mice were used to study the presence of APC in the SMG in the absence of lymphocytes. Before lymphocytic
infiltration, increased numbers of DC were detected in the SMG of NOD mice compared with those numbers in control mice and
MRL/lpr mice, which suggests that DC play a role in the initiation of sialoadenitis in NOD mice. In the SMG of NOD mice,
lymphocytic infiltrates organized in time. In MRL/lpr mice, however, lymphocytic infiltrates were already organized at the time of
appearance. This organization was lost over time. In conclusion, two types of sialoadenitis are described in two mouse models
for Sjögren’s syndrome. Differences exist with regard to early events that may lead to the development of sialoadenitis and to the
composition and organization of inflammatory infiltrates. It is possible that different types of sialoadenitis also exist in humans and
that the pathogenetic process in both the early and late phases of the autoimmune reaction differs among patients. (Lab Invest
2000, 80:575–585).

S jögren’s syndrome is a systemic autoimmune dis-
ease with a chronic course that is characterized by

lymphocytic infiltration and destruction of the salivary
and lacrimal glands, which causes dryness of the mouth
and eyes (Fox, 1995). A combination of immunologic,
genetic, hormonal, and possibly also viral factors plays a
role in the development of this multifactorial disease, but
little is known about the early stages of Sjögren’s syn-
drome that lead to the initiation of the autoimmune
process (Aziz et al, 1992; Fox, 1996).

Several mouse models are used to study the patho-
genesis of Sjögren’s syndrome. Two of those models,
the nonobese diabetic (NOD) mouse and the MRL/lpr
mouse, are widely accepted (Hayashi et al, 1994; Hoff-
man et al, 1984; Humphreys-Beher, 1996). In both
mouse strains, perivascular and periductal lymphocytic
infiltrates in the salivary and lacrimal glands are histo-

logic hallmarks of the disease. In NOD mice (but not in
MRL/lpr mice) the development of focal lymphocytic
infiltrates in the salivary glands (sialoadenitis) is accom-
panied by a corresponding loss of the secretory function
and changes in the protein composition of the saliva
(Humphreys-Beher, 1996; Humphreys-Beher et al,
1994). These changes in protein composition have also
been observed in NOD-SCID (severe combined immu-
nodeficiency) mice (Robinson et al, 1996). The NOD-
SCID mouse is devoid of functional T lymphocytes and B
lymphocytes because of a homozygosity in the SCID
mutation (Shultz et al, 1995). Hence the salivary gland
abnormalities in this mouse strain must be considered as
the cause rather than a consequence of the focal lym-
phocytic infiltration. In MRL/lpr mice, the systemic auto-
immune response is accelerated compared with that in
congenic MRL/Mp mice because of a mutation in the
Fas apoptosis gene. This results in the failure of autore-
active lymphocytes to be deleted by means of apoptosis
and causes an accumulation of these lymphocytes in the
periphery (Watson et al, 1992; Wu et al, 1994).

With regard to the composition of the inflammatory
infiltrates in the salivary glands of NOD mice, MRL/lpr
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mice, and patients with Sjögren’s syndrome, attention
has been focused on the presence of various subsets of
T cells and B cells. Most infiltrating lymphocytes are
TCRab1 and CD41 T cells, whereas CD81 T cells and B
cells are fewer in number (Goillot et al, 1991; Jonsson et
al, 1987; Yanagi et al, 1997). The development of sia-
loadenitis in the NOD- and the MRL/lpr mouse models
for Sjögren’s syndrome has never been compared over
time.

For the activation of naive T cells, antigen from
antigen-presenting cells (APC) such as dendritic cells
(DC) must be present. In contrast to macrophages,
mature DC have limited phagocytic activity but must
constitutively express high levels of MHC-class II and
costimulatory molecules. Mature DC are the most potent
regulators of the immune response ( Peters et al, 1996;
Stingl and Bergstresser, 1995). Information on the topo-
graphic distribution of DC and macrophages before and
during the development of sialoadenitis is scarce. In
animal models of insulin-dependent diabetes mellitus
and of autoimmune thyroiditis, DC and macrophages are
the first cells of hematopoietic origin that infiltrate the
target organ (Dahlen et al, 1998; Jansen et al, 1994;
Rosmalen et al, 1997; Voorbij et al, 1989; Voorbij et al,
1990). The presence of these cells in the earliest stages
of the disease suggests that they play an essential role in
the initiation and regulation of the autoimmune reaction.
In this study, immunohistochemical techniques were
used to examine the development of sialoadenitis, par-
ticularly with respect to the topographic distribution of
CD11c1 DC and BM81 macrophages and the compo-
sition of the lymphocytic infiltrates, in the submandibular
glands (SMG) of NOD mice and MRL/lpr mice from 2 to
20 weeks of age.

Results

Development of Focal Lymphocytic Infiltrates in the
Submandibular Glands of NOD Mice and MRL/lpr Mice

When sections of the submandibular glands (SMG) of
5-week-old NOD mice and MRL/lpr mice were com-
pared, focal lymphocytic infiltrates were already
present in 6 of 8 MRL/lpr mice. These infiltrates were
demarcated areas of lymphocytes that had not infil-
trated the surrounding parenchyma. In NOD mice,
focal demarcated lymphocytic infiltrates were first
detected at the age of 10 weeks and were more
prominent at 20 weeks, yet the areas of infiltration
were not as large as those in the MRL/lpr mice (Fig. 1
A and E). In the latter mouse strain, the large focal
infiltrates had lost their area of demarcation and had
started to infiltrate the surrounding parenchyma when
the mice were 20 weeks of age.

Structure of the Focal Lymphocytic Infiltrates in the SMG
of NOD Mice and MRL/lpr Mice During the Development
of Sialoadenitis

The focal lymphocytic infiltrates in the SMG of
5-week-old MRL/lpr mice showed a certain degree of
structure, with separate T-cell and B-cell areas (Fig. 2
A and B). This structure had vanished in MRL/lpr mice

aged 20 weeks, and distinct T-cell and B-cell areas
could no longer be identified (Fig. 1 E and F), although
the areas of infiltration had increased in size and
lymphocytes had started to infiltrate the surrounding
parenchyma. In NOD mice, the pattern of develop-
ment of focal lymphocytic infiltrates was different from
that in MRL/lpr mice. At 10 weeks, when focal lym-
phocytic infiltrates were detectable in NOD mice, there
was no apparent structure; only at 20 weeks of age
could clearly structured focal infiltrates be detected
(Fig. 1 A and B). Areas consisting predominantly of B
cells could be distinguished, while packed T cells were
present in an area in which B cells were largely absent.
T cells were also present as scattered cells in the
B-cell area.

With regard to the presence of CD11c1 DC in the
focal lymphocytic infiltrates, the density of CD11c1

DC was highest in the packed T-cell area of 20-week-
old NOD mice (Fig. 1C). In the SMG of 20-week-old
MRL/lpr mice, DC were distributed throughout the
whole lymphocytic infiltrate (Fig. 1G). BM81 macro-
phages were detected in the SMG of NOD and MRL/
lpr mice of all ages, but the spatial relation of those
macrophages towards the focal lymphocytic infiltrates
differed in the two mouse strains (Figs. 1 D and H and
2D). In the SMG of 20–week-old NOD mice, a thin rim
of BM81 macrophages was present around lympho-
cytic infiltrates (Fig. 1D). In MRL/lpr mice, a thicker rim
of BM81 macrophages was present around the lym-
phocytic infiltrates. In addition, these cells invaded the
lymphocytic infiltrates to a certain extent (Fig. 1H).

These results show that qualitative differences exist
between the focal lymphocytic infiltrates that develop
in the SMG of NOD mice as compared with those in
MRL/lpr mice.

Image Analysis of the Lymphocytic Infiltrates Present
Within the Submandibular Glands of NOD Mice and
MRL/lpr Mice

Image analysis revealed that at the onset of the
development of focal lymphocytic infiltrates in the two
mouse strains, no significant differences occurred in
the percentages of T lymphocytes and B lymphocytes
in the focal infiltrates (Table 1). When the mice were 20
weeks old, the percentage of B cells in the fully
developed focal infiltrates of the NOD mice was sig-
nificantly higher than that in the MRL/lpr mice. In
contrast to the percentage of B cells, the percentage
of T lymphocytes in the focal lymphocytic infiltrates
was significantly higher in 20-week-old MRL/lpr mice
than in age-matched NOD mice. Over time, an in-
crease in the percentage of B cells and a significant
decrease in the percentage of T cells in the lympho-
cytic infiltrates of NOD mice were observed. However,
this was not statistically significant. In MRL/lpr mice, a
decrease in the percentage of B cells and an increase
in the percentage of T cells that was not significant
were observed. The decrease in the percentage of B
cells in aging MRL/lpr mice was also obvious from
immunohistochemical stainings (Figs. 1F and 2B).
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Figure 1.
Immunohistochemical detection of leukocyte subsets in serial sections of lymphocytic infiltrates in a submandibular gland (SMG) of a 20-week-old nonobese diabetic
(NOD) mouse and a 20-week-old MRL/lpr mouse, respectively. A to D, NOD mouse; E to H: MRL/lpr mouse. A and E, T cells identified by the MoAb KT3. B and F,
B cells identified by the MoAb B220. C and G, CD11c1 dendritic cells identified by the MoAb N418. D and H: BM81 macrophages (3200).

Sialoadenitis in Two Mouse Strains
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Presence of CD11c1 Dendritic Cells During the
Development of Sialoadenitis in NOD Mice and MRL/lpr
Mice

Because of the important role of DC in the activation of
naive T lymphocytes, we studied the presence of DC
in the SMG of NOD mice and MRL/lpr mice during the
development of sialoadenitis. In glands of 5-week-old
NOD mice (before lymphocytic infiltration) and NOD-

SCID mice, CD11c1 cells with dendritic morphologic
characteristics were scattered throughout the paren-
chyma of the gland. DC were scarce or absent in the
SMG of 5-week-old BALB/c and C57BL/10 mice (Fig.
3). Quantification by image analysis indicated that
significantly more DC were present in the SMG of
5-week-old NOD and NOD-SCID mice than in control
strains (Fig. 4). To check for the earliest time point of
DC infiltration in the SMG of NOD and NOD-SCID
mice, we studied only a few SMG of 2-week-old mice.
Hardly any DC were detected in the SMG glands (Fig.
5), which indicates that DC influx occurred between
the age of 2 and 5 weeks.

When the influx of DC into the parenchyma of the
SMG of NOD and NOD-SCID mice was studied over
time, a steady increase in the number of CD11c1 cells
was observed until the mice were 15 weeks old, al-
though the increase was less pronounced in NOD-SCID
mice than in NOD mice (Fig. 5). In both mouse strains, a
plateau was reached at the age of 15 weeks. The steady
increase in DC numbers was not observed in BALB/c
mice and C57BL/10 mice, which indicates that the
phenomenon is not a general consequence of aging.

Few DC were present in the parenchyma of the SMG
of 5-week-old MRL/lpr mice; this is comparable in
C57BL/10 mice (Fig. 3 C and E). Because focal lympho-
cytic infiltrates were already present in this mouse strain
at the age of 5 weeks, the virtual absence of DC at this

Figure 2.
Immunohistochemical detection of leukocyte subsets in serial sections of a lymphocytic infiltrate showing some degree of organization in the SMG of a 5-week-old
MRL/lpr mouse. A, T cells identified by the MoAb KT3. B, B cells identified by the MoAb B220. C, CD11c1 dendritic cells identified by the MoAb N418. D, BM81

macrophages (3200).

Table 1. Composition of Lymphocytic Infiltrates Present
Within Submandibular Glands of Nonobese Diabetic– and
MRL/lpr Mice

Strain
Age

(weeks) B cells (%)a T cells (%)a

NOD 10 24.7 6 8.5 29.5 6 4.0
NOD 15 33.3 6 2.7 28.5 6 6.0
NOD 20 35.2 6 3.2 26.7 6 3.7
MRL/lpr 5 27.0 6 3.2 28.1 6 5.4
MRL/lpr 10 23.5 6 2.3*b 32.0 6 2.5
MRL/lpr 15 19.7 6 1.8*#c 32.1 6 3.8
MRL/lpr 20 17.8 6 2.3# 34.4 6 2.1#

a Values are given as the mean 6 standard deviation.
b Statistical comparison of time point with the previous time point by the

Mann–Whitney two-sample two–tailed signed rank test (*p , 0.05).
c Statistical comparison of MRL/lpr mice with age-matched NOD mice by the

Mann–Whitney two-sample two–tailed signed rank test (#p , 0.05).
NOD, Nonobese diabetic.
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age does not exclude a possible influx of DC into the
SMG of MRL/lpr mice at an earlier time. To examine the
relationship between DC and the first appearance of
lymphocyte accumulation in the SMG of the two mouse
strains, a detailed analysis on the presence of DC and T
lymphocytes in the SMG of MRL/lpr and NOD mice that
were 1 to 5 weeks old was performed (Fig. 6). In the SMG
of 1-week-old MRL/lpr mice, hardly any dendritic cells
were present, which was comparable to the situation in
2-week-old NOD, NOD-SCID, and control mice. How-
ever, scattered T lymphocytes were already detected in
the glandular tissue of those MRL/lpr mice. Accumula-
tions of lymphocytes were present in the SMG of 3 of 5
MRL/lpr mice that were 2 weeks old, and the number of
scattered T lymphocytes had increased. In the surround-
ing parenchyma, very few DC were present. Small lym-

phocytic infiltrates were detected in the SMG of 4-week-
old MRL/lpr mice, while a slight increase in the number
of dendritic cells was observed. In the SMG of MRL/lpr
mice 6 to 20 weeks old, the increase in the number of DC
in the parenchymatous tissue of the gland was modest
over time (results not shown). Still, numbers of DC were
clearly lower in 20-week-old MRL/lpr mice than in NOD
mice of the same age.

Discussion

This study shows two distinct patterns of autoimmune
sialoadenitis development in the NOD mouse and the
MRL/lpr mouse, which are two models for Sjögren’s syn-
drome. In NOD mice, the presence of focal lymphocytic
infiltrates (first not structured and later with T cell and B cell

Figure 3.
Immunohistochemical detection of dendritic cells (DC) in the parenchyma of SMG sections of 5-week-old mice as revealed by the monoclonal antibody N418. A, NOD
mouse. B, NOD-SCID mouse. C, C57BL/10 mouse. D, BALB/c mouse. E, MRL/lpr mouse (3200).

Sialoadenitis in Two Mouse Strains
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areas) was first observed when the mice were 10 weeks old
and was preceded by an influx of DC that began between
the age of 2 and 5 weeks. This influx of DC was in both
independent of and dependent on the presence of lympho-
cytes, because such an influx was also observed in NOD-

SCID mice, but to a lesser degree. NOD–SCID mice lack
functional T lymphocytes and B lymphocytes.

In the SMG of MRL/lpr mice, focal lymphocytic
infiltrates were already present at the age of 5 weeks,
while first signs of lymphocytic accumulation were

Figure 4.
DC in the SMG of 5-week-old mice. After having undergone immunohistochemical staining with MoAb N418 to identify CD11c positive DC, positively stained cells
were quantified by two independent individuals who used an image analysis system. Values are expressed as means 6 SD of 4 to 8 animals per group. Statistical
analysis was performed by the Mann-Whitney two-sample two-tailed signed rank test. NOD, Nonobese diabetic mice; NOD-SCID, nonobese diabetic severe combined
immunodeficiency mice. * Significantly different as compared with C57BL/10 mice, p , 0.01. ** Significantly different as compared with C57BL/10 mice, p , 0.005.

Figure 5.
DC in the SMG of different mouse strains over time. After having undergone immunohistochemical staining with MoAb N418, positively stained cells were quantified
by two independent individuals who used an image analysis system. Values are expressed as means 6 standard errors of the means. Values that were measured
in the SMG of NOD or NOD-SCID mice 5 weeks of age or older were significantly different when compared with values that were measured in the glands of the other
mouse strains (p, 0.001 , p , 0.05). However, there was no significant difference between 10-week-old NOD and NOD-SCID mice. M 5 NOD, nonobese diabetic
mice; D 5 NOD-SCID, nonobese diabetic severe combined immunodeficiency mice; ƒ 5 C57BL/10; L 5 BALB/c.
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already observed at the age of 2 weeks. The virtual
absence of DC in the SMG of 1-week-old MRL/lpr
mice shows that the development of focal lymphocytic
infiltrates in this mouse strain is not preceded by an
influx of DC in the parenchyma of the gland. Because
slightly increased numbers of DC in the parenchyma
of the SMG were observed in mice $4 weeks old
(ages at which lymphocytic infiltrates had started to
develop), it can be concluded that DC in MRL/lpr mice
$4 weeks old are due to the presence of lymphocytic
infiltrates.

These two distinct patterns of DC influx and focal
infiltrate development in the two mouse models sug-
gest two distinct patterns of disease pathogenesis.
With regard to the early DC accumulation in the
parenchyma of the SMG of NOD mice before any
noteworthy lymphocytic infiltration, it is likely that DC
pick up autoantigens in the SMG of the NOD and
travel to the draining lymph node. In the lymph node,
DC activate naive T cells to initiate the autoimmune
process, which later leads to the focal accumulation of
T cells in the SMG. The traffic of DC through tissues is
tightly regulated by chemokine receptor expression on
the cells. During their maturation from monocytes, DC
express various combinations of chemokine receptors
that enable monocytes and DC, depending on their
maturational stage, to respond to different chemo-
kines (Sozzani et al, 1997; Xu et al, 1996). The migra-
tion of epidermal Langerhans cells and dermal DC can
be enhanced by the cytokines IL-1b and TNF-a
(Zanella et al, 1996). Recently, chemokine expression
in the minor salivary glands (MSG) of patients with
Sjögren’s syndrome has been described, and ductal
epithelial cells were identified as the predominant
source of chemokines in the MSG (Cuello et al, 1998).
An increased expression of the cytokines IL-1a, IL-1b,
TNF-a, and IL-6 by salivary gland epithelial cells of
Sjögren’s syndrome patients when compared with

controls has been observed ( Boumba et al, 1995; Fox
et al, 1994; Oxholm et al, 1992). These studies illus-
trate the capability of epithelial cells of the salivary
glands to express cytokines that may attract DC. Such
enhanced chemokine-cytokine expression might be
linked to a metabolic abnormality or disturbed prolif-
eration of the salivary gland epithelial cells of the NOD
mouse; note that changes in the salivary protein
composition in aging NOD mice have been observed
(Humphreys-Beher, 1996; Humphreys-Beher et al,
1994). Early metabolic and/or growth abnormalities
that precede the DC influx have also been noted in the
thyroid gland of the biobreeding diabetes-prone rat, in
which autoimmune thyroiditis develops after the influx
of DC (Simons et al, 1998).

In MRL/lpr mice, the focal sialoadenitis started in
the virtual absence of DC in the parenchyma at a much
earlier age than in NOD mice. This suggests that the
SMG epithelial cells are not the initial driving force
behind the autoimmune process. It is possible that in
MRL/lpr mice, T cells and B cells, sensitized to an
autoantigen that is not primarily expressed in the
salivary glands, are already present from a very early
age. This antigen might be of nuclear origin, like
double-stranded deoxyribonucleic acid. The produc-
tion of antibodies towards such an autoantigen can
lead to the formation of immune complexes and to the
deposition of these complexes in the small vessels,
which is followed by vasculitis. Sensitization of lym-
phocytes is in that case not primarily mediated by APC
coming from the salivary gland but instead takes place
elsewhere in the body.

Another important difference between sialoadenitis
in NOD and MRL/lpr mice was the architecture of the
focal lymphocytic infiltrates. In both mouse models,
focal lymphocytic infiltrates developed during the
course of the disease. The lymphocytic infiltration
occurred in NOD mice 10 weeks of age and older and

Figure 6.
Analysis of DC and T lymphocytes in the SMG of NOD and MRL/lpr mice that were 1 to 5 weeks old. Positively stained DC were quantified by two independent
individuals who used an image analysis system (left y-axis). The numbers of positively stained T lymphocytes were counted per 10 mm2 glandular tissue by two
independent individuals (right y-axis). Values are expressed as means 6 standard deviation of 5 animals per group. DC, Dendritic cells; NOD, nonobese diabetic mice.
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gradually gained structure with T-cell and B-cell areas.
In 5–week–old MRL/lpr mice, structured focal infil-
trates were already present, but that structure was lost
over time.

What is the function of the organized focal lympho-
cytic infiltrates that develop in the SMG of both strains
of mice? Similarly organized structures have been
observed in other animal models of organ-specific
autoimmune disease, eg, the thyroid gland of the
biobreeding diabetes-prone rat (Mooij et al, 1993) and
the pancreas of the NOD mouse (Lo et al, 1993). These
organized focal infiltrates, some aspects of which
resemble normal lymph node and gut-bronchus asso-
ciated lymphoid tissue, can be places of peripheral
T-cell and B-cell sensitization to serve local generation
of autoreactive T cells and the production of autoan-
tibodies. In the biobreeding diabetes-prone rat, a
correlation was observed between the development of
intrathyroidal focal lymphoid cell infiltrates and the
incidence of anticolloid antibodies, which suggests
that within such organized lymphoid structures, thy-
roid autoantibodies are produced (Mooij et al, 1993). A
continued presence or release of antigen from the
salivary gland is a probable driving force behind the
development of the SMG-associated lymphoid tissue:
De novo formation of organized lymphoid structures
after repeated challenge with an organ-specific anti-
gen was recently observed in a transgenic diabetic
mouse model. Transgenic mice expressing the lym-
phocytic choriomeningitis virus glycoprotein under the
control of the rat insulin promotor were immunized
with DC that expressed an immunodominant cytotoxic
T-lymphocyte epitope of the viral glycoprotein. Pan-
creatic islet associated organized lymphoid structures
developed in these mice in addition to destructive
autoimmune diabetes (Ludewig et al, 1998). In the
MSG of two patients with Sjögren’s syndrome, orga-
nized lymphocytic infiltrates have recently been de-
scribed (Stott et al, 1998). In an MSG of one of these
patients, fully developed germinal centers surrounded
by large numbers of plasma cells were detected. It
was suggested that the continued presence of self-
antigen in the salivary gland was responsible for the
development of these highly organized structures.
Anti-Ro/SSA and anti-La/SSB autoantibody-
producing cells have been detected in the MSG of
patients with Sjögren’s syndrome. (Tengner et al,
1998).

When the composition of the focal inflammatory
infiltrates was studied, a higher percentage of B cells
was observed in 15- or 20-week-old NOD mice than in
10-week-old NOD mice. This age-related increase
was not observed in MRL/lpr mice. We believe that
this is due to a different pattern of cytokine production
by the cells of the inflammatory infiltrates. The high
number of T cells and of BM81 macrophages in the
focal infiltrates present in the SMG of MRL/lpr mice
suggests the overproduction of proinflammatory Th1
cytokines that are important in the stimulation of
cellular immune reactions. Far fewer BM81 macro-
phages and a predominance of B cells were observed
in the SMG of NOD mice when compared with the

SMG of MRL/lpr mice. This picture would fit more into
a Th2-type reaction.

Despite our histologic observation that the glandular
tissue in the SMG of 20-week-old MRL/lpr mice was
more damaged, a decreased stimulated saliva pro-
duction in this mouse strain has not been reported.
This is in contrast to what has been described for the
saliva production in NOD mice ( Humphreys-Beher,
1996; Humphreys-Beher et al, 1994), in which we did
not find signs of parenchymal decay. The lack of
glandular hypofunction in the MRL/lpr mouse in spite
of signs of destruction of glandular tissue is explained
by the fact that in general, a major part of the glandular
tissue must be destroyed before an insufficient pro-
duction of glandular product results. In NOD mice,
salivary gland hypofunction is probably mediated by
blocking antibodies, because salivary gland hypo-
function could be transferred to young NOD mice by
intraperitoneal injection of serum from old NOD mice
(Esch and Taubman, 1998). This again emphasizes the
importance of Th2 type reactivity in this model of
Sjögren’s disease. Moreover, the intrinsic abnormali-
ties of the NOD salivary gland epithelial cells may play
a role here.

If our data are extrapolated from mice to humans,
different pathogenetic mechanisms for sialoadenitis
(Sjögren’s syndrome) exist. NOD-like sialoadenitis
would follow the pattern of development of the known
other organ-specific autoimmune diseases such as
type 1 diabetes and thyroiditis. This primary form of
Sjögren’s syndrome is characterized by an antigen of
salivary gland origin and perhaps a histopathologic
picture akin to that of the NOD mouse: structured
focal infiltrates, a predominance of B cells within the
infiltrates, and a strong parenchymal infiltration of DC.
MRL/lpr-like sialoadenitis would follow a different pat-
tern of development. This form would be secondary
and would be associated with systemic autoimmune
disorders and perhaps a histopathologic picture akin
to that of the MRL/lpr mouse: unstructured focal
infiltrates, a predominance of T cells within the infil-
trates, and a parenchymal infiltration with predomi-
nantly scavenger macrophages. Our data in the animal
models indicate that a detailed analysis of the com-
position of the infiltrates in the MSG of patients with
Sjögren’s syndrome (B cells, T cell, DC, macrophages)
is worthwhile for a differential diagnosis. This subject
will form the core of our next report.

Materials and Methods

Mice and Experimental Design

Female NOD, NOD-SCID, C57BL/10, and BALB/c
mice were bred in our own facilities under specific
pathogen-free conditions. Female MRL/lpr mice were
purchased from Jackson Laboratories (Bar Harbor,
Maine). Mice (n 5 4 to 8 mice/age/strain) were fed
standard pellets and water ad libitum and were main-
tained at 22 1/- 1° C on a 12-hour light/12-hour dark
cycle. Under these conditions, the incidence of diabe-
tes in NOD mice at 30 weeks of age was 90% in
females and 30% in males.
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Tissue Preparation

At the age of 1 to 6 weeks or 8, 10, 15, or 20 weeks,
the mice were killed by asphyxiation with carbon
dioxide. The SMG were removed, were embedded in
Tissue-tek (Sakura Finetek, Torrance, California), and
were snap-frozen in liquid nitrogen. Tissues were
stored at 280° C.

Immunohistochemistry

Microscopic slides were treated with 95% ethanol/5%
diethylether solution for 10 minutes and were coated
with a solution of 0.1% gelatin with 0.01% chromium-
alum in distilled water. Thereafter, 6 mm sections of
the frozen tissue specimens were cut and fixed for 2
minutes. For this fixation, 0.4 gm of pararosanilin
(Sigma, St. Louis, Missouri) was dissolved in 10 ml of
2 mole HCl by gently heating to 37° C for 4 hours; this
was subsequently filtered and was stored at 4° C. Of
this stock solution, 500 ml was incubated with 500 ml
4% NaNO2 for 1 minute. This was then added to 165
ml of distilled water in which the slides were fixed.
After the fixation, the slides were rinsed in phosphate-
buffered saline (PBS) (pH 7.8)/Tween (0.1%), after
which they were incubated for 1 hour with the mono-
clonal antibody N418 (Metlay et al, 1990), KT3 (To-
monari, 1988), B220 (Ledbetter and Herzenberg,
1979), or BM8 (Malorny et al, 1986). Except for BM8
(BMA, Biomedical AG, Augst, Switzerland), all mono-
clonal antibodies were hybridoma culture superna-
tants reacting with DC, total T cells, and B cells,
respectively. As a negative control for these antibod-
ies, the culture supernatant of cell line Y3 (the fusion
partner that was used for the generation of the hybrid-
oma cell line) was used. BM8, reacting with mature
macrophages, was diluted 1:40 in PBS/Tween. After
the incubation period, the slides were washed with
PBS/Tween and were incubated for 40 minutes with a
horseradish peroxidase-conjugated goat anti-
Armenian hamster IgG as a second antibody in case
N418 was used as primary antibody (Jackson, Immu-
noResearch Laboratories, West Grove, Pennsylvania).
This antibody was diluted 1:100 in PBS/Tween to
which 2% normal mouse serum was added to reduce
background staining. In case KT3, B220, or BM8 was
used as primary antibody, the slides were incubated
for 40 minutes with horseradish peroxidase-
conjugated rabbit antirat IgG (DAKO, Glostrup, Den-
mark) as second antibody. That antibody was diluted
1:100 in PBS/Tween to which 2% normal mouse
serum was added. After having been washed in PBS/
Tween, the peroxidase label was developed by expo-
sure to 0.10% (w/v) diaminobenzidine in acetate buffer
(pH, 6.0) containing 1% NiSO4 (w/v) and 0.02% H2O2

for 3 minutes. The slides were washed in PBS/Tween,
were counterstained by nuclear fast red [0.1% (w/v)
solution in water containing 5% (w/v) Al2(SO4)3], and
were dehydrated by an ethanol/xylene series and
embedded with Depex mounting medium (BDH,
Poole, England).

Image Analysis

For quantitative analysis of sections, the VIDAS-RT
image analysis system (Kontron Elektronik GmbH/Carl
Zeiss, Weesp, The Netherlands) was used. All sections
were analyzed by two independent individuals. Enu-
meration of cells expressing the N418 cell surface
marker was performed as follows: At a magnification
of 100, 5 areas of the microscopic slides, which were
located outside lymphocytic infiltrates, were counted.
No part of a lymphocytic infiltrate was present in these
areas. One area consisted of 262,144 pixels, the
surface area of 10,000 pixels being 11,326 mm2. After
image capture, background color was excluded by
image thresholding, after which the diaminobenzidine
reaction product was quantified. Results were ex-
pressed as the mean number of positive pixels per
area. The percentage of the total area of the lympho-
cytic infiltrates, which was positive for KT3 or B220,
was determined as follows: At a magnification of 100,
the total surface area of each infiltrate was measured
by drawing a line around the infiltrate. Then the total
number of pixels within this area was determined.
After image thresholding, the number of diaminoben-
zidine positive pixels within the inflammatory infiltrate
was quantified. This value was divided by the total
area of the lymphocytic infiltrate (in pixels) to deter-
mine a percentage of the area of the infiltrates that
stained positive for one of the lymphocytic markers.
The number of infiltrates analyzed within each gland
varied from 1 to 8, depending on how many infiltrates
were present. If more than 8 infiltrates were present,
the infiltrates to be analyzed were randomly chosen.
Microscopic analysis of levels of T lymphocytes
present in SMG of NOD and MRL/lpr mice was per-
formed by counting the numbers of KT31 cells in 2 to
4 areas of 10 mm2 glandular tissue per mouse. Five
mice per age group in both mouse strains were
evaluated.

Statistical Analysis

The values measured within the gland of a single
mouse were averaged, after which the means of the
groups were calculated. The differences between the
means were evaluated by means of the Mann-Whitney
two-sample two-tailed signed rank test. A p value ,
0.05 was considered statistically significant.
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