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SIOGREN’S SYNDROME: AN OVERVIEW OF
CLINICAL MANIFESTATIONS, THERAPEUTIC
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Clinical manifestations. trearment and pathogenesis

Introduction

Sjogren’s syndrome is a chronic inflammatory disorder with autoimmune etiology,
affecting primarily the salivary and lacrimal glands. In these glands, focal lymphocytic infil-
trates develop. This is accompanied by decreased production of saliva and tears, resulting in
patients complaining of dry eyes and a dry mouth (1. 2}. First reports in which the combina-
tion of a dry mouth and dry eyes was described date from late 19 and early 207 century (3-
6). In 1933, Henrik Sjogren, a Swedish ophthalmologist, described clinical and histological
findings in a group of 19 women with xerostomia and keratoconjunctivitis sicca (KCS). dry
mouth and dry eyes. thirteen of which also suffered from chronic arthritis (7). At present, it
has become evident that, although the presenting symptoms of Sjdgren’s syndrome are nsu-
ally dry eyes and/or dry mouth, abmost every organ in the body can be affected by the disease
process. In this chapter an overview is given of the criteria that are used to diagnose Sjdgren’s
syndrome and of the clinical manifestations of the disease. Furthermore, possibilities with
regard to treatment of patients and factors that are thought to contribute to the pathogenesis
of Sjbgren’s syndrome are discussed.

Biagnostic criteria and prevalence

At present, there is no single, universally accepted diagnostic set of criteria that is
used to diagnose Sjdgren’s syndrome worldwide. Seven published sets of criteria which dif-
fer in sensitivity and specificity have been proposed for the diagnosis of Sjégren’s syndrome
(8). Criteria that are used most frequently are the Copenhagen criteria, the criteria proposed
by Fox et al, and the European criteria (9-11). The criteria. proposed by the European
Community Study Group on Diagnostic Criteria for Sjdgren’s syndrome in 1993, and
assessed in 1996, were demonstrated to have a high sensitivity and specificity (Table 1) (11,
12). Differences between the sets of criteria may lead to variations among the patient popu-
lations that are studied by different research groups, which should be kept in mind when
results of reported studies are compared.

The prevalence of Sjogren’s syndrome has been estimated to be 1% of the general
population, using the European Classification Criteria (Table 1) (12). In a population-based,
cross sectional study among adults in the United Kingdom, the prevalence of Sjogren’s syn-
drome according to modified European Classification Criteria was 3-4%. Lip biopsies were
not performed in this study because this was considered unethical in a community survey, but
patients had to fulfill at least four of the remaining criteria (13). Sjégren’s syndrome pre-
dominantly affects women. with a female: male ratio of 9:1 and a peak incidence around the
fifth decade of life, although there is growing awareness that Sjdgren’s syndrome can also
affect young adults, adolescents, and even children. The presenting symptom of juvenile
Sjogren’s syndrome is most often parotitis, whereas sicca symptoms usually develop later in
the disease process (14, 15). Although the initial manifestations of $jégren’s syndrome may
differ between adults and children, complications of the disease are comparable (16, 17).
Sjigren’s syndrome can occur as an isolated disorder or in addition to another autoimmune
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Chaprer 1.1

disease, such as rheumatoid arthritis or systemic Iupus erythematosus (SLE), and is classified
as primary or secondary Sjdgren’s syndrome. respectively (Table 1) (12).

Table 1. European Classification Criteria for Sjégren’s syndrome
I Ocular symptoms:
A positive response to at least one of the three selected questions:
1. Have you had daily. persistent, troublesome dry eyes for more than three months?
2. Do you have a recurrent sensation of sand or gravel in the eyes?
3. Do you use tear substitutes more than three times a day?

I Oral symptoms:
A positive response to at feast one of the three selected questions:
1. Have you had a daily feeling of dry mouth for more than three months?
2. Have you had recurrent or persistently swollen salivary glands as an adult?
3. Do you frequently drink kiquids to aid in swallowing dry foods?

I Ocular signs:
Objective evidence of ocular involvement defined as a positive result in at least one of the following two tests:
1. Schirmer’s test (< 5 mm in 3 minutes) in patients < 60 years
2. Rose bengal score (2 4 according to Van Bijsterveld scoring system)

IV. Histopathology:
A focus score 2 1 in a minor salivary gland biopsy (a focus is defined as an agglomerate of at least 50 mononuclear
cells: the focus score is defined by the aumber of foci in 4 mm? of glandular tissue)

V. Salivary gland involvement:
Objective evidence of salivary gland involvement defined by a positive result in at least one of the three diagnostic
tests:

1. Salivary scintigraphy

2. Parotid sialography

3. Unstirnulated salivary flow (< 1.5 ml in 13 minutes} in patients < 60 years

VL. Autoantibodies:

Presence in the serum of the following antibodies:

Antibodies to Ro (SSA) or La (SSB). or both
Primary Sjgren’s syndrome: 4 out of these 6 items.
Secondary Sjdgren’s syndrome: A diagnosis of & connective tissue disease on the basis of well-defined and com-
monly accepted criteria. and a positive respense to item 1 or 2. plus a positive response to at least 2 items among
items 3. 4. and 5.
Exclusion criteria: Pre-existing lymphoma. AIDS. sarcoidosis, or graft-versus-host disease. sialoadenosis, use of
antidepressant and anti-hypertensive dmgs, neuroleptics. parasympatholytic drugs.

Clinical manifestations

Patients with Sjogren’s syndrome may suffer from complaints directly related to dry-
ness of the eyes and mouth, from generalized complaints such as fatigue and depression, as
well as from disease manifestations due to involvement of other organs. The decreased pro-
duction of saliva can lead to oral sorcness, difficulty with mastication, loss of taste, recurrent
oral infections, and severe dental caries. The latter two are due to loss of the bactericidal
effect of salivary enzymes (18). Early tooth-loss. which has been described in a significant
percentage of patients. correlated significantly with the degree of lymphocytic infiltration of
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Clinical manifestations, treatment and pathogenesis

the salivary glands, but not with any other manifestation of oral involvement (19). Due to
decreased tear secretion, patients may complain of foreign body sensation in the eyes, red
eyes, itch and even diminished sharpness of sight (18).

A significant percentage of patients with Sjdgren’s syndrome suffers from chronic
fatigue. The seriousness of this problem was recently demonstrated in a study in which
Sjégren’s patients were asked to complete a questionnaire covering different aspects of
fatigue. Fifty percent of patients syndrome were burdened by fatigue. Some aspects could be
related to depressive symptoms (mental fatigue, reduced motivation), whereas physical
aspects of fatigue were suggested to reflect disease activity (20). In a community-based sur-
vey in the UK, patients that were diagnosed as having Sjégren’s syndrome also suffered from
higher levels of fatigue and depression as compared to those without this diagnosis (13).
Sleep disturbances, including difficulties falling asleep, as well as frequent awakenings dur-
ing the night, were frequently observed among patients with Sjdgren’s syndrome. Patients
themselves identified the disturbed sleeping pattern as a strong contributing factor to their
fatigue (21). Disturbed initiation of sleep may be due to ‘racing thoughts® and anxiety, where-
as increased need to drink during the night may contribute to the frequent awakenings.
Depression and anxiety are common symptoms in patients with Sjogren’s syndrome. Various
degrees of anxiety and depression were reported in 48% and 32% of patients with Sjdgren’s
syndrome, respectively. On the other hand, patients with rheumatoid arthritis reported these
symptoms to the same extent as healthy controls, suggesting that mechanisms other than mus-
culoskeletal pains must underlic these complaints in Sjégren’s syndrome (22). In patients
with Sjogren’s syndrome, hypofunction of the hypothalamic-pituitary-adrenal axis has been
demonstrated. Basal, as well as stimulated ACTH and cortisol levels were significantly
decreased in patients as compared with controls (23). This has been suggested to contribute
to fatigue and mood disorders.

In addition to the salivary and lacrimal glands, kidneys, bladder, stomach, liver,
exocrine pancreas. thyroid gland, lungs. heart, blood vessels. and skin may be affected in
patients with Sjgren’s syndrome. The most commeon clinical manifestation of renal involve-
ment is an inability of the distal renal tubule to secrete hydrogen icns, which may lead to
complete or incomplete distal renal tubular acidosis, as well as mild proteinuria (24, 25).
Tubuleinterstitial nephritis is the predominant kidney lesion in patients with Sjigren’s syn-
drome (26). Renal tubular acidosis was mainly observed in patients with high levels of anti-
53-A/Ro or anti-SS-B/La antibodies and extensive infiltration of the minor salivary gland
(MSG), but no association was found between the MSG and the renal focus scores (24. 26).
Sjdgren’s syndrome, or the oral or ocular hallmark of the disease. was reported in a high per-
centage of patients with interstitial cystitis. a nonbacterial inflammatory disease of the blad-
der. This suggests that interstitial cystitis can occur in association with Sjogren’s syndrome
and may form part of the clinical spectrum of this disease (27).

Gastric manifestations of Sjégren’s syndrome include nausea, pain in the stomach, and
chronic atrophic gastritis (28). Biopsy specimens revealed chronic inflammation with
monenuclear cell infiltrates and/or glandular atrophy (29). Abnormal liver function tests have
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Chapter 1.1

been reported in patients with Sjdgren’s syndrome, but the frequency varied among different
studies (30, 31). The associated liver diseases include primary biliary cirthosis (PBC) and
aptoimmune chronic active hepatitis. Among patients with PBC, a high prevalence of
Sjogren’s syndrome has been demonstrated (32). When monoclonal antibodies directed to an
autoantigen in PBC (PDC-E2) were used in immunohistochemical stainings on salivary
¢lands of patients with PBC, intense staining of the ductal epithelial cells. comparable to that
observed in the biliary epithelium, was demonstrated in a high proportion of patients.
However, this was independent of the presence of clinical or histologic features of Sjogren’s
syndrome (33).

Elevated pancreatic enzyme levels have been reported in a high percentage of patients
with Sjégren’s syndrome, PBC, and patients with both diseases (34). A link between chron-
ic idiopathic pancreatitis and Sjégren’s syndrome was suggested following the observation
that peripheral blood lymphocytes of 55% of patients with Sjdgren’s syndrome and of 33%
of patients with chronic pancreatitis showed a proliferative response to a partially purified
pancreatic antigen {(35). Furthermore, in serom of 27% of patients with Sjdgren’s syndrome,
autoantibodies directed to this pancreatic antigen were detected (36). However, the pancreat-
ic antigen used in these experiments was recognized by a monoclonal antibody that also
reacts with an antigenic determinant expressed by the duct cells of other exocrine organs,
including the salivary glands, bile ducts. and distal renal tubules. This implies that the pan-
creatic antigen used in these experiments, or an antigenic deterranant present within the anti-
gen. is also expressed by salivary gland epithelial cells, and that the pancreatic origin of the
antigen is probably of minor importance. Still, regardless of the primary origin of the antigen
or the role of the autoantibodies in the pathogenesis of both diseases, an assoclation between
Sjberen’s syndrome and idiopathic chronic pancreatitis was demonstrated.

Thyroid disease and thyroid dysfunction have been reported in a high percentage of
patients with Sjogren’s syndrome (37-40). This included autoimmune thyroid disease (ATD),
in which autoantibodies directed to thyroglobulin, thyroid peroxidase, or thyreid hormones
were present in the serum of patients, as well as non-autoimmune thyroid disease (NATD)
(37, 40). This resulted most frequently in subclinical hypothyroidism in Sjégren’s patients
with ATD, whereas NATD patients with Sjogren’s syndrome mainly suffered from hyperthy-
roidism. However, although the prevalence of thyroid disease was high in patients with
Sj6gren’s syndrome, it was not significantly different compared with age- and sex-matched
controls (36% vs. 27%) (40). When features of $jogren’s syndrome were examined in a group
of patients with ATD, keratoconjunctivitis sicca. xerostomia and a positive labial gland biop-
sy were found in 24% of patients. No significant differences were found between patients
with Graves’ disease or Hashimoto's thyroiditis. Althcugh the underlying pathogenetic
process of sialoadenitis (lymphocytic infiltration of the salivary glands) may vary among
patients with ATD and Sjogren’s syndrome, the immunopathological picture of sialoadenitis
in both patients groups was similar (41).

Lung involvement was common in a group of 61 patients with primary Sjdgren’s syn-
drome. Histopathologically, submucosal mononuclear infiltrates were present in the
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Clinical manifestations. treatment and pathogenesis

bronchial tree, mostly in the small bronchioles. However, most patients only suffered from
dry cough without specific clinical findings, and clinical airway obstruction was observed in
only 10% of patients (42). Another histopathological finding was the presence of an increased
number of CD4* T cells within the bronchial mucosa, both in patients with primary and sec-
ondary Sjdgren’s syndrome (43). Dyspnea on exertion and recurrent bronchitis have been
reported in a significant percentage of Sjdgren’s patients, whereas no abnormalities were
observed on chest radiographs (44}. Bronchial hyperresponsiveness is another frequent obser-
vation in patients with Sjégren’s syndrome (43, 46). In a ten year follow-up stady on pul-
monary function of Sjdgren’s patients, it was found that, although pulmonary complications
can be a significant threat to health and account for considerable morbidity, most patients did
not develop progressive lung disease (47). Cardiac manifestations of Sjégren’s svndrome are
rare: in a study among 54 patients with definite primary Sjdgren’s syndrome, only cne patient
exhibited acute exudative pericarditis. Clinically silent changes may however be common,
since an echodense pericardium, which can be a consequence of symptom free pericarditis.
has been reported in 33% of patients (48).

Vasculitis has often been described in patients with Sjégren’s syndrome. In 2 study on
70 patients, vasculitis was evident in 9 patients. Gastrointestinal tract, skin and peripheral
nerves were consistently invelved by vasculitis: both small and medium-sized vessels were
affected. The severity of vasculitis was demonstrated by the fact that one patient even died of
vasculitis (49). Peripheral neuropathy is a common finding among patients with Sjdgren’s
syndrome, and may be related to the vasculitis process within the peripheral nerves. It most
commonly presents as a sensory neuropathy, but motor and autonomic nerves can also be
affected (30). In a group of 46 patients with primary Sjdgren’s syndrome, peripheral neu-
ropathy was reported in 10 patients. In 5 of these patients, neurologic involvement was the
main feature of the disease. demonstrating the significance of peripheral nerve involvement
(51). Neurologic disease in patients with Sjogren’s syndrome (reviewed in (50)) can also
affect the central, in additon to the peripheral nervous system. Central nervous system dis-
ease in patients with Sjégren’s syndrome (CNS-5j5) can include movement disorders and
tremeors, visual loss, but may also result in psychiatric and cognitive dysfunction, and demen-
tia. Histopathologically, mononuclear inflammatory infiltrates swrounding, and in some
cases invading small blood vessels in the brain of patients with CNS-§jS can be observed.
These infiltrates are often associated with micro-infarcts, suggesting that CNS-SjS is mainly
the result of the vasculitic process. occwting within the CNS (50).

Lymphoma is a serious complication in primary Sjogren’s syndrome. The percentage
of patients developing lymphoma has been estimated between 5 and 10%, of which non-
Hodgkin lymphomas (NHL) are most frequently observed (52-54). When the prevalence of
Sjogren’s syndrome among patients with untreated NHL was examined, 14 of 113 patients
had Sjtgren’s syndrome according to the Greek criteria, whereas another 12 patients had a
positive focus score in their minor salivary gland (55). Lymphomas that develop in patients
with Sjégren’s syndrome are predominantly observed in extranodal sites, and are most often
identified in the salivary glands. Patents with NHL in addition to Sjogren’s syndrome more

17



Chaprer 1.1

often suffered from lymphadenopathy. skin vasculitis. and peripheral nerve involvement. as
compared with the general SjGgren’s syndrome population (56). Although the mechanism
leading to the transition of benign clusters of lymphocytes to malignant lymphomas is not
known., some authors believe that rheumatoid factor producing B cells play a role in this
process (57). Increased expression of anti-apoptotic molecules by lymphocytes infiltrating
the salivary glands (which may contribute to the persistence of the lymphocytic infiltrates, as
will be discussed later) has also been suggested to be responsible for the high prevalence of
lymphoma in Sjdgren’s syndrome (58).

An overview of the clinical manifestations that can occur in patients with Sjégren’s
syndrome is given in Table 2.

Treatment

Treatment of Sjégren’s syndrome involves topical therapy aimed at direct alleviation
of the oral and ocular complaints or reduction of local inflammation. as well as systemic ther-
apy. Topical therapy includes the use of fluoride. dental implants. oral hygiene, dietary coun-
seling, as well as saliva substitutes. whereas artificial tears and topical cyclosporin have been
used to treat keratoconjunctivitis sicca (59-63). Topical cyclosporin treatment of KCS resuit-
ed in maintenance of the structural integrity of the epithelium, and a reduction of activated
Iymphocytes within the conjunctiva of patients with KCS (61. 62).

Several anti-rhevmatic drugs have been used in the systemic treatment of Sjégren’s
syndrome. including steroids like prednisone, and non-steroidal anti-inflammatory drugs
{NSAID), for example piroxicam {reviewed in 63). Although patients receiving prednisone
for six months reported a decrease in their oral dryness more frequently than patients receiv-
ing piroxicam or placebo, functional and histological parameters of Sjogren’s syndrome were
not significantly improved by any of these drugss (64). Another example of an anti-theomat-
ic drug that has been prescribed to patients is the antimalarial drug hydroxychloroquine. This
drug has first been used and proved beneficial in patients with rheumatoid arthritis and SLE.
Although the exact mechanism of action is not fully understood, hydroxychloroquine has
been suggested to interfere with antigen processing by macrophages and other antigen pre-
senting cells (APC), resulting in diminished activation of T lymphocytes (65). In a retro-
spective study on effectiveness of hydroxychloroguine among 50 patients with primary
Sjogren’s syndrome, significant improvement of ocular symptoms as well as improved
corneal integrity was observed in over 50% of the patients. In addition. oral symptoms and
objective tests for oral involvement. including salivary flow rate, were improved in the major-
ity of patients, whereas serum IgG levels decreased. This was accompanied by decreased
symptoms of fatigue and an increased feeling of well-being {66). Two other stdies howev-
er reported less convincing data on improvement of subjective findings in patients with
Sj6gren’s syndrome following treatment with hydroxychloroquine. although serum
immunoglobulin concentrations were also significantly decreased (67. 68). Treatment of
patients with Sjdgren’s syndrome with 200 mg hydroxychloroquine per day for cne year
resulted in decreased salivary and serum levels of IL-6 and decreased salivary hyaluronic acid

18



Clinical manifestarions, treatment and parhogenesis

Table 2. Reported clinical manifestations related to Sjdgren’s syndrome

Oral complaints

Ocular complaints

Chronic fatigue
Depression and anxiety

Kidney

Bladder

Stomach

Liver

Pancreas

Thyroid gland

Respiratory system

Heart
Blood vessels

Neural tissue

Lymphoma

oral soreness

difficulty with mastication
loss of taste

recurrent oral infections
dental caries, early dental loss

foreign body sensation
red eyes

itch

diminished visual acuity

renal tubular acidosis
mild proteinuria
tubuleinterstitial nephritis

mterstitial cystits

naused, pain
chronic atrophic gastritis

primary biliary cirrhosis
chronic active hepatitis

chronic idiopathic pancreatitis

antoimmune and nonautoimmune thyroid disease
thyroid dysfunction

recurrent bronchitis

bronchial hyperresponsiveness

pericarditis

vasculitis

peripheral neuropathy
central nervous system involvement

(18.19)

{18)

(13.20.20)
(22)

(24-26)

@n

(28)

(30-32)

(35)

(37.39.40)

(44-46)

48
Sy

(50. 51)

(52-36)

levels. Despite a decrease in these inflamumatory markers among all treated patients, the clin-
ical effect was disappointing. It was suggested that the duration of the treatment in this study
and in other studies that failed to demonstrate a clear beneficial effect, was not sufficient to
result in improved clinical symptoms. since the effect on the salivary inflammatory compo-

nent was impressive (69).

In addition to topical use of cyclosporin, the effect of systemic treatment of Sjégren’s
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patients with cyclosporin has also been studied. Cyclosporin A can suppress T cell prolifer-
ation by inhibition of interleukin-2 production. Although symptoms of Xerostornia decreased,
no objective effect on salivary and lacrimal gland function was observed. Furthermore, no
consistent effect of systemic cyclosporin A treatment on the histopathological lesion in the
MSG has been found. Effects that were reported include a decrease in the number of T lym-
phocytes, an unchanged histopathological lesion, or even an increased mean focus score (70-
72). The serious side effects of systemic treatment with cyclosporin A, including nephrotox-
icity and increased risk of tumor development, is a major disadvantage of this drug and
requires careful monitoring of the patients.

Pilocarpine is a muscarinic cholinergic agonist that stimulates salivary and acrimal
secretion, both in healthy subjects and in patients with decreased glandular function. These
effects occur shortly (15 minutes) after oral administration and maintain for at jeast one hour.
In patients with Sjdgren’s syndrome, a significant increase in labial salivary gland flow as
well as whole salivary flow was observed in several studies following administration of pilo-
carpine, whereas improvement of tearing was usually less significant (73, 74). However, in a
multicenter study on 373 patients with primary and secondary Sjigren’s syndrome, treated
daily with oral pilocarpine for 12 weeks, global assessments of both dry mouth and dry eyes
were significantly improved (75). Long-term use of pilocarpine is safe and side effects are
generally mild, including increased sweating and gastrointestinal symptoms (75, 76). The
beneficial effects of pilocarpine on exocrine gland function fit well with new insights on the
role of ant-muscarinic receptor antibodies in dimdnished secretory function in Sjdgren’s
patients {77), which will be discussed in a subsequent section. Bromhexine is another com-
pound that. when administered systemically. may influence glandular secretion. Tear secre-
tion was improved in a high percentage of patients as well as controls, treated with bromhex-
ine for three weeks, whilst an amelioration of xerostomia was also reported. Side effects of
bromhexine treatment were negligible (78, 79).

Autoantibodies

Patients with Sjogren’s syndrome can have autoantibodies also commeonly detected
in the serum of patients with other systemic theumatic diseases, such as SLE and scleroder-
ma, as well as autoantibodies that are specific for §jogren’s syndrome and have been impli-
cated in the pathogenesis of the disease. Serum antinuclear antibodies (ANA) are highly char-
acteristic for systemic rhevmatic diseases. The predominant ANA in Sjdgren’s syndrome are
antibodies to the ribonucleoproteins $S-A/Ro and $8-B/La. The presence of these antibodies
is regarded as one of the hallmarks of the disease. Antibodies to SS$-A/Ro have been
described in 50-75% of patients with Sjigren’s syndrome, whereas anti-SS-B/La antibodies
were found in 20-50% of patients (80, 81). Even higher frequencies of seropositive patients
were reported when an ELISA was used to study the presence of ant-S8-A and anti-SS-B
(82). Whereas anti-SS-A/Ro antibodies are also present in the serum of a high percentage of
patients with SLE, anti-SS-B/La antibodies are closely associated with Sjégren’s syndrome
{83). IeG antibodies have been shown to dominate the autoantibody response to SS-A/Ro and
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Clinical manifestations. treatment and pathogenesis

SS-B/La, followed by IgM and IgA (84).

The S8-A/Ro autoantigen is a ribonucleoprotein (RNP) complex. containing at least
two proteins, Ro 60 kD and Ro 52 kD, which are associated with a set of small RNAs, also
named human cytoplasmic RNAs (YRNA) (85-87). The 60 kb 85-A/Ro protein possesses
RNA binding sequences as well as a single zinc-finger motif, whereas putative zinc-finger
domains and a leucine zipper motif were identified in the amino-terminal half of the 52 kD
protein (85, 86). The exact function of the Ro proteins is not known. The S$S-B/La autoanti-
gen consists of a 48 kI protein that can physically associate with the Ro/RNP particle, and
serves as a termination factor for RNA polymerase [H (88, 89). Antibodies to 52 kD SS-A/Ro
or 48 kD §S-B/La are often present in sera that also contain antibodies to 60 kD SS-A/Ro,
and are rarely found in isolation, which may indicate epitope spreading among different con-
stituents of the RNP complex (90). Anti-S8-A/Ro positive sera can alse react with a cyto-
plasmic constituent, in addition to a nuclear constituent. It has been suggested that $8-A/Ro
binds to newly synthesized RINA in the nucleus. after which the complex is transported to the
cytoplasm (91, 92). In contrast to anti-S$-A/Ro antibodies, anti-SS-B/La positive sera main-
ly bind to nuclear constituents. producing a nuclear speckled pattern (93). Translocation of
58-A/Ro and 858-B/La to the cell membrane has been described. but not under normal con-
ditions. Stimuli that were shown to induce membrane translocation include U'V-irradiation,
virus infection (but not by all viruses), and apoptosis {94-96). The potential involvement of
autoantibodies to S5-A/Ro and S5-B/La in the pathogenesis of Sjdgren’s syndrome was sug-
gested following the demonstration of anti-Ro 52 kD, anti-Ro 60 kD, and anti-La autoanti-
body-producing cells in MSG of Sjdgren’s patients. A correlation was observed between the
quantity and isotype distribution of autoantibodies in the serum. and the autoantibody-pro-
ducing cells in the salivary glands (97). However. the precise role of anti-$8-A and anti-S8S-
B antibodies in the clinical picture of Sjdgren’s syndrome has not yet been clarified.

Maternal ant-SS-A/Ro and anti-$3-B/La antibodies have been suggested to play a
role in the development of congenital heart block (CHB) in infants with neonatal lupus ery-
thematosus (NLE). The combination of antibodies to SS-B/La and 52 kD $S-A/Ro has been
shown to be significantly increased in mothers of children with NLE. Furthermore, 52 kD 8S-
A/Ro and 48 kD $5-B/La were found to be abundantly expressed in fetal cardiac dssues (98).
The question remains how antigens. normally present within the nucleus and cytoplasm of
the cell, become accessible for maternal antibodies. As mentioned before, apoptosis may
induce translocation of SS-A/Ro and §S-B/La to the cell surface. It was shown that surface
blebs of apoptotic keratinocytes contained both $S8-A/Ro and SS-B/La (96). Evidence for the
existence of this pathogenetic mechanism was provided by the demonstration that biotinylat-
ed surface proteins from apoptotic fetal cardiocytes were immunoprecipitated by antiserum
recognizing S5-A/Ro and S8-B/La. Scanning electron microscopy studies revealed diffuse
binding of anti-S8-A/Ro and anti-S8-B/La antiserum to surface blebs of the apoptotic cells,
but not to non-apoptotic cells. Hereafter it was shown that coculture experiments of
macrophages with apoptotic cardiocytes that had been incubated with anti-SS-A/Ro or anti-
35-B/La resulted in an increased production of TNF-¢.. It was suggested that opsonization of
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apoptotic cells by maternal antibodies may change the otherwise innocent degradation prod-
ucts, normally produced extensively during embryogenesis and morphogenesis, into proin-
flammatory stimuli. This could result in permanent damage to the cardiac tissue. which has
low regenerative capacity, eventually resulting in congenital heart block (99).

Rheumatoid factor (RF) antoantibodies are another example of autoantibodies that
can be detected in the serum of patients with Sjogren’s syndrome, but also in patients with
other systemic autoimmmune disorders (100). When isotype distribution of RF in the serum of
patients with Sjogren’s syndrome was examined, the presence of both IgA-RF and IgM-RF
was revealed, whereas IgG-RF was not detected (101, 102). IgA-RF was also demonstrated
In saliva samples, and when corrected for total IgA concentrations in both compartments, a
relative concentration ratic higher than 1 was found, implicating local production of IgA-RF
in the salivary glands of Sjdgren’s patients. I[gM-RF levels on the other hand were measured
in serum of patients in the absence of detectable levels in the saliva, suggesting that this RF
isotype is mainly produced in the non-mucesal compartment (102).

Recently, the presence of antibodies to 120 kD o-fodrin was described in the serum
of 41 of 43 patients with Sjbgren’s syndrome, whereas these autoantibodies were absent in
sera from patients with rheumatoid arthritis or SLE (103). Fodrin is a major compenent of the
cytoskeleton of most eukaryotic cells, which forms heterodimers composed of a 240 kD o-
subunit and & 235 kD B-subunit (104). The 240 kD g-subunit can be cleaved by proteases that
are activated in association with apoptosis, resulting In generation of a 120 kD sized o-fodrin
(105, 106). In another study, the prevalence of anti-¢-fodrin antoantibodies was lower, name-
ly 78% and 60% in patients with primary and secondary Sjogren’s syndrome. respectively,
whereas 7% of sera from patients with SLE demonstrated binding to the recombinant protein
{107), IgA anti-g-fodrin antibodies were more prevalent in the serum of patients with
Sjogren’s syndrome as compared with those of the IgG isotype. Farthermore, the latter were
less specific for Sjdgren’s syndrome, as they were also detected in the serum of 5 of 12
patients with rtheumatoid arthritis. From this study it was concluded that IgA rather than IgG
antibodies against a-fodrin may be useful markers for Sjderen’s syndrome (108). The poten-
tial contribution of 120 kD o-fodrin to the pathogenesis of Sjdgren’s syndrome will be dis-
cussed in a subsequent section.

Another group of serum autoantibodies specifically found in serum of patients with
Sjégren’s syndrome, and which have been implicated in the pathogenesis of the disease, are
autoantibodies directed to the muscarinic cholinergic receptor. Muscarinic receptors of the
M3 subtype are expressed on acinar cells of exocrine glands as well as on bladder and intes-
tinal smooth muscle cells (109, 110). They mediate fluid secretion by the salivary and
lacrimal glands and contraction of the bladder and intestinal smooth muscle cells following
agonistic stimulation (111-114). Although M1 muscarinic receptors are also expressed by aci-
nar ¢ells of exocrine glands, the importance of the M3 muscarinic receptor in the process of
salivary secretion was demonstrated in mutant mice lacking the M3 receptor. in which
decreased salivary flow rates were measured upon injection with pilocarpine. Other effects
observed in these mice were decreased pupillary constriction and decreased in vitro bladder
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detrusor contractions {115). The latter may contribute to bladder irritability. which has been
observed in a part of the patients with $j6gren’s syndrome, whereas tonic pupils have also
been described 1n patients (77).

The presence of autoantibodies against the muscarinic receptor in patients with
Sjégren’s syndrome was first suggested following experiments in which it was shown that the
IgG fraction of serum of §jogren’s patients (§jS-IgG) could inhibit binding of the muscarinic
receptor radioligand [3H]-quinuclidiny! benzilate ((*H]-QNB) to mouse or rat parotid gland
muscarinic receptors (116, 117). This inhibition was due to a decreased number of binding
sites available for binding by the radioligand. foliowing incubation with $jS-IgG (116).
Competition curves with selective muscarinic receptor antagonists revealed that the mus-
carinic receptor, recognized by SjS-IgG was of the M3 subtype. The anti-M3 muscarinic
receptor antibodies, present in 5j5-IgG were agonistic, since they induced a comparable
effect in the parotid gland membranes as the muscarinic receptor agonist carbachol. No cor-
relation was found between binding of §jS-1gG antibodies to the M3 muscarinic receptor and
the presence of anti-S8S-A/Ro or anti-S8-B/La antibodies in the serum (116). Subsequent
experiments by the same group included Westem blot analysis on rat lacrimal gland mem-
branes. in which SjS-IgG was shown 1o contain antibodies binding to a 70 kID protein that co-
migrated with the peak of labeled muscarinic receptors (118). In addition, immunofluores-
cence experiments on rat lacrimal glands demonstrated staining of glandular epithelial cells
by §j5-1gG. The staining intensity was attenuated by preincubation of the IgG fracton with
a synthetic peptide, corresponding to the second extracellular loop of the M3 muscarinic
receptor, demonstrating that reactivity of the autoantibodies is primarily directed to the M3
muscarinic receptor subtype (119).

In the studies mentioned above, only serum from patients with primary Sjdgren’s syn-
drome was analyzed. Recently. the presence of anti-M3 muscarinic receptor antibodies was
examined in serum of patients with primary and secondary Sjdgren’s syndrome. by means of
a functional assay (77). Contraction of bladder smooth muscle, induced by carbachol. could
be inhibited to about 50% by serum or IgG from 5 of 9 patients with prirary Sjdgren’s syn-
drome and 6 of 6 patients with secondary Sjdgren’s syndrome. The remaining contraction
could be abolished by the M3 muscarinic receptor antagonist 1,1-dimethyl-4-diphenylace-
toxypiperidinium iodide {4-DAMP). Also the effect of endogenously derived acetyicholine
on M3 muscarinic receptor mediated bladder contractior: could be inhibited to 50% by 5jS-
serum. Although the autoantibodies in this study had antagenistic properties, which is in con-
trast to the results of Bacman et al as described above. an acute agonistic effect - contraction
of bladder detrusor muscle - was observed in one-third of patients, both with primary and sec-
ondary Sjogren’s syndrome. This effect declined with time, indicating receptor desensitiza-
tion (77).

In addition to antibodies to the M3 muscarinic receptor, antibodies to the M1 mus-
carinic receptor have been detected in serum of patients with Sjdgren’s syndrome. Upon incu-
bation with SjS-IgG, increased nitric oxide synthase activity was observed im rat sub-
mandibular glands. This was cornpletely inhibited by the M3 muscarinic antagonist 4DAMP,
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and partially blocked by the selective M1 muscarinic receptor antagonist pirenzepine.
Preincubation of S$jS-IgG with a synthetic peptide. corresponding to the second extracellular
lcop of the M1 muscarinic receptor. had a similar inhibitory effect (120). In addition to anti-
SS8-A/Ro and anti-3S-B/La antibodies. anti-M1 muscarinic receptor antibodies have also
been implicated in the pathogenesis of CHB. SjS-serum revealed a positive image in
immunofluorescence studies on neonatal atria slices, which could be abrogated by preincu-
bation with a synthetic M1 muscarinic receptor peptide (121). IgG. purified from sera of chil-
dren with CHB or their mothers. inhibited binding of [ZH]-QNB to neonatal rat atria. and
decreased contractility of neonatal atria. These effects were not observed when adult rat atria
were used (122). Similar results were obtained when the effects of §58-IgG on rat neonatal
atrial membranes were examined (123). The observation that cardiac block in mothers of
infants with CHB is rare may be due to the fact that. whereas the M1 muscarinic receptor is
expressed by neonatal atria {in addition to the M2 muscarinic receptor), expression is absent
in adukt cardiac tissue (124, 125).

Histopathology

Immunochistologic studies of the focal lymphocytic infiltrates in MSG of patients with
Sjdgren’s syndrome have revealed a predominance of T Iymphocytes over B lymphocytes.
The majority of T cells exhibited a T helper phenotype, and a ratio of CD4: CD§ > 2 was
observed in all cases, independent of focus size (126-130). The activation antigens CD25 and
HLA-DR were highly expressed on the infiltrating T cells (126, 129, 131). Several groups
have studied TCR VB usage of T lymphocytes infiltrating the MSG. These studies demon-
strated limdted, but not restricted TCR VB usage, with predominant expression of VB2, Vi38,
and VB13 (132, 133}. Others found restricted TCR VB usage only in the early stage of dis-
ease, whereas a large number of V3 families was expressed in patients with advanced lym-
phocytic infiltration and salivary gland fibrosis (134). J5 genes that were rearranged to the
amplified VB genes in the patients with the early stage of disease also showed restriction. sug-
gesting a monoclonal or oligoclonal expansion of infiltrating T cells in these patients (134.
135). The polyclonal nature of infiltrating cells in the late stage of disease on the other hand
may refiect secondarily recruited cells to the inflammatory environment. Interestingly, when
TCR VB genes expressed in the salivary and lacrimal glands of the same patient were ana-
lyzed. cornmon complementarity determining region 3 (CDR3) sequences were found in both
lIocations (136). Since the CDR3 region of the T cell receptor contacts the peptide, bound by
the HLA molecuie, the expression of commmon CDR3 sequences by T cells in the salivary and
lactimal glands suggests that some infiltrating T cells in both locations recognize the same
autoantigens. In addition to T and B cells, macrophages have been detected within the infil-
trates in the MSG. These cells were also present in the interstitial tissue (137). The
macrophages within the focal infiltrates were found to contain calprotectin, a product with
antimicrobial properties that can be released by activated macrophages. This was suggested
to reflect the chronic nature of the inflammatory process (137).

Cytokine expressicn by infiltrating Iymphocytes in the salivary glands of patients with
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Sjogren’s syndrome has been the subject of a large nurnber of studies. PCR experiments on
mRNA of CD4* T lymphocytes eluted from MSG of patients with Sjogren’s syndrome
revealed high expression of interleukin (IL)-2, nterferon (IFN)-v. and IL-10, whereas [L-4
and IL-5 mRNA were not expressed. Analysis of saliva samples of the same patients indi-
cates that the mRNA expression is followed by the production of the corresponding cytokines
(138). By in situ hybridization, IL-2 and IL-2R mRNA expression was demonstrated among
infiltrating lymphocytes. In addition, IL.-4 mRNA expression was found, but only in tissues
from patients with small lymphocytic infiltrates. Other cytokines that were expressed include
IL-18. tumor necrosis factor (TNF)-, and IL-6. but the cellular sources of these cytokines
were not identified. IFN-y mRINA expression was only observed in 3 out of 12 biopsies.
whereas IL-10 mRINA was not detected in this study, although this was studied in only four
samples (139). Following isolation of CD4™* T cell clones from the salivary glands of patients
with Sjégren’s syndrome, production of IFN-y, IL-2, high levels of IL-10, and little IL.~4 was
demonstrated (140, 141}. Most other studies report on the expression of cytokine genes using
mRNA samples isolated from total MSG, which does not allow identification of the cell type,
responsible for expression of the particular cytokine(s). However, comparison of mRNA
expression levels of cytokines in salivary glands of patients with Sjdgren’s syndrome with
those in controls revealed differences that were due to the presence of lymphocytic infiltrates
and to their effect on the surrounding cells. Cytokines that were specifically expressed in total
minor salivary gland samples of padents with Sjbgren’s syndrome. in addidon to the
cytokines mentioned above, include IL-12, TL-13, and IL-18 (142, 143). Transforming
growth factor (TGF)-8 mRNA was also observed in MSG. In glands with a high focus score,
however, the expression level was low, which may indicate that TGF-B limits prograssion of
the sialoadenitis (144). In contrast to the findings by Fox er al (138). another group reported
mRNA expression of IL-4 and IL-5 in MSG of patients with Sjdgren’s syndrome. This cor-
related closely with the number of B cells in these glands, suggesting a contribution of these
cytokines to the accumulation and/or expansion of B cells in the salivary glands (141). In
conclusion. these studies demonstrate a predominance of Thl-like cells within the lympho-
cytic infiltrates in MSG of patients with Sjdgren’s syndrome. although expression of the Th2
cytokines I1.-6 and IL-10 is also significant (Table 3). The role of the cytokines that are
expressed by infiltrating lymphocytes in the pathogenesis of Sjogren’s syndrome will be dealt
with in a subsequent section.

Recently, the expression of chemokines has been examined in MSG of patients with
Sjogren’s syndrome. The large majority of infiltrating lymphocytes produced macrophage
inflammatory protein (MIP)-18, whereas MIP-1o was also expressed by a high percentage of
infiltrating cells. RANTES {(Regulated upon activation, normal T cell expressed and secret-
ed) and IL-§ are two other chemokines that were also detected in the salivary tissues,
although both were expressed by only a low percentage of infiltrating cells (145). The
chemokines expressed by the cells of the inflammatory infiltrates may attract additional
leukocytes to the site of inflammation. which may contribute to the perpetuadon of siaload-
enitis. as will be discussed hereafter,
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Table 3. Cytokine and chemokine expression in salivary glands of patients with Sjdgren’s syndrome

Cytokines expressed Technique Remarks References
Tota} gland Focal infiltrate Epithelium
IL-2, IFN-y, IL-10. MSG T cell clones: RT-PCR IL-4, IL-3. and (141)
IL-6. TGF-8, IL-4, IL-2. JFN-v. IL-10 I1-12 not in all
IL-5.1L-12 (IL-4. IL-5) MSG
IL-2, TFN=y, IL-10, RT-PCR IL-4 totally absent, (143)
TNF-o., TGF-5. IL-10 and TGF-B
IL-18, IL-12 abundant
IL-10. IL-13 RT-PCR Only these {142y
Cytokines examined
MSG CD4* T cell ELISA (140
clones: IL-2. IFN-y,
IL-10
-1, IL-18. IL-1on I-16. THC Similar pictore in (199)
TGF-B. GM-CSF IL-8, TGF-5. chromnic
GM-CSF sizloadenitis (CS)
(acini < ducts)
IL-2. IFN-y, IL-10 H.-lg. TNF-o..  RT-PCR Major salivary (138)
little IL-4 and I.-5 H.-6 alands
IL-1B. TNF-cx, IE-18, IL-6 ISH. HC Also expression (139)
IL-2, IL-6, TFN=y. (IE-2 and of IL-2R,
TGEF-B IL-4) no IL-10 detected
-2, TFNwy. IL-2, IFN-v. Microdissection, Except for IFN-v. {243)
IL-10, IL-6. IL-10. H.-6, RT-PCR/ same cytokines
TNF-o.. TGF-61 TNF-¢. TGF-81  Southern blot  also found in
controls
IL-Yer, JL-18.IL-2, RT-PCR No IL-4, I1.-13. (246)
IL-6. IL-8, TL-10. IL-1o IL-1B.
TFIN=y, TNF-0 IFN=ynotin C8
1L.-1B, TNF-¢o. IL-6 IL-18, TNF-c, THC No detection of (176)
TL-6, IEN-y IL-1¢t. IL-4. TNF-8
IL-2, IL-6, IL-10, RT-PCR TGF-8 also in (144)
TGF-R controls, Decreased
IL-6. IL-10. TGF-8 ELISA in heavily infiltrated
giands
MIP-1c, MIP-18, MIP-1¢, MIP-1B8, THC Expression (145)
H.-8, RANTES RANTES predominandy by

ducts and infiltrates
RT-PCR: Reverse transcriptase-polymerase chain reaction: IHC: immunohistochemistry; ISH: [ sifi hybridization:
ELISA: Enzyme-linked immunosorbent assay.
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Pathogenesis

Factors that may play a role in the pathogenesis of Sjdgren’s syndrome have been
studied intensively. These include exogenous factors, like viruses, as well as endogenous ele-
ments that may predispose to the development of autoimmune disorders. Endogenous factors
contributing to the development of autoimmune diseases may reside in the immune system
irself. Recognition of self. followed by activation of autoreactive Iymphocytes and initiation
of an autoimmune response - as opposed to induction of tolerance - may result from a devi-
ation in the T cell receptor repertoire or from defective expression of pro- or anti-inflamma-
tory cytokines by leukocytes. In addition, alterations intrinsic to the APC, such as increased
expression of costimulatory molecules or altered antigen processing, may lower the thresh-
old for the induction of an autoimmune response. However. the idea that the development of
autoimnune diseases is solely due to defects in the immune system is deeply ingrained and
represents a strong bias. Evidence is now accumulating suggesting an important role for the
target organ of the autoimmune disease in the initiation of the autoimmune reaction. For
example. in two animal models of autoimmune diabetes, the BioBreeding (BB) rat and the
noncbese diabetic (NOD) mouse, pancreatic B-cell hyperreactivity and development of
hyperplastic islets appear to precede islet infiltration by leukocytes (146-148). Furthermore,
preferential early accurnulation of APC and lymphocytes around the hyperplastic islets was
demonstrated in NOD mice (149). The accumulation of APC and lymphocytes may be fol-
lowed by initiation of the autoimmune response, ultimately leading to B-cell death and the
development of diabetes. The target organs in Sjogren’s syndrome, the salivary and lacrimal
glands, may in a similar way contribute to the development of sialoadenitis and dacryoad-
enitis, probably due to additional defects in the immune system. Indeed, in the NOD rmouse
model for Sjégren’s syndrome, an important role has been suggested for genetically pro-
grammed abnormalities in the submandibular gland (150, 151).

Factors. implicated in the pathogenesis of Sjdgren’s syndrome will now be discussed.
Attention will be paid to factors that may play a role in the initiation of the autoimmune
response, but also to mechanisms that are thought to contribute to a decreased secretory
response in the late phase of the autoimmune disease. Knowledge of events that induce loss
of secretory function is essential for the development of new drugs. aimed at alleviation of
the patients symptomns.

Viruses

Several viruses have been implicated in the pathogenesis of Sjdgren’s syndrome.
Epstein-Barr virus (EBV) associated antigens have been found in epithelial cells of salivary
gland biopsies of patients with Sjdgren’s syndrome, whereas they were absent in salivary ts-
sue from controls (152, 153). By in situ hybridization and immunchistochemistry, EBV DNA
and an EBV protein were detected in salivary gland samples of 4 of 7 patients with Sjégren’s
syndrome. whereas no positive signal was found in controls (154). Others reported the pres-
ence of EBV and/or human cytomegalovires (HCMV) DNA in MSG of almost 50% of
patients with Sjgren’s syndrome or non-specific sialoadenitis (155). However, no difference
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between the two patient groups was observed, and the authors therefore concluded that a role
for these viruses in the etiology of Sjdgren’s syndrome is not likely. To hepatitis C virus
(HCV), antibodies have been described in patients with Sjégren’s syndrome. The prevalence
varied between 14 and 19% (156). When salivary glands of patients with chronic HCV-
induced liver disease were examined, focal lymphocytic sialoadenitis was found in 57% of
the patients. and only in 5% of controls. demonstrating that sialoadenitis appears to be com-
mon in this group of HCV infected patients (157). The involvement of an unknown retrovirus
similar to human immunodeficiency virus (HIV) in the pathogenesis of SjGgren’s syndrome
was suggested following the observation that labial salivary glands of 7 of 15 patients con-
tained an epithelial cytoplasmic protein, reactive with a monoclonal antibody to an HIV asso-
ciated protein. HIV genes were not detected in salivary glands of these patients (158). In a
group of 74 Japanese Sjbgren’s patients from an area heavily endemic for human T-lym-
photropic virus-1 (HTLV-1), 17 patients (23%) were HTLV-] seropositive. This was signifi-
cantly higher when compared with & group of blood donors (3%}, whereas this control group
did not differ significantly from patients with SLE. The authors suggested that HTLV-1 may
be involved in the pathogenesis of Sjdgren’s syndrome in Japanese patients living in this
endemic area (159).

Despite many studies that have been initiated on this subject. no consistent picture
does emerge, and evidence for a direct pathogenic role of viruses in Sjdgren’s syndrome
remains to be demonstrated. Still. a contribution of viruses can be envisaged. Viral infection
of salivary gland epithelial cells may lead to production of IFN-y by virns-specific T lym-
phocytes. Exposure of salivary epithelium to IFN-v can have a number of effects. First, IFN-
¥ has been shown to induce or upregulate HLA-DR expression in a human salivary gland
(HSG) epithelial cell line and in salivary gland derived primary cell cultures (160-162).
Aberrant epithelial HLA-DR expression has been demonstrated in MSG of patients with
Sjdgren’s syndrome (130, 161, 163). Salivary gland epithelial cells expressing HLA-DR miol-
ecules may function as so called non-professional APC that can present autoantigens and
{re)activate autoreactive lymphocytes. Second. exposure of HSG cells to IFN~y in the pres-
ence or absence of TNF-¢ has been shown to lead to a reduction in cell mambers in virro,
resulting from increased cell death by apoptosts as well as by necrosis (164). Increased cell
death could provide a source of extracellular nuclear antigens, such as SS-A/Ro and SS-B/La,
and in this way contribute to the pathogenesis of the disease. Third, incubation of HSG cells
with IFN-v resulted in the induction of protein and mRNA expression of the proinflammato-
ry cytokines IL-15, IL-6 and TNF-c (160). Local production of IL-18 and TNF-o may lead
to tissue injury. as well as to increased vascular permeability and activation of leukocytes,
which may result in perpetuation of the autoimmune reaction.

An additional mechanism via which viral infection could play a role in the pathogen-
esis of Sjégren’s syndrome was postulated following observations that viral infection of cells
affects the localization of the SS-B/La protein, which is normally predominantly expressed in
the nucleus. Infection of the monkey kidney derived CV-1 cell hine with herpes simplex virus
type I resulted in translecation of SS-B/La to the cell surface (165). In the hepatic Hep-2 cell
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line, accumulation of 35-B/La at the periphery of the nucleus was observed 24 hours after
infection with adenovirus 2, whereas cytoplasmic and membranous localization was observed
48 hours after infection (95). Salivary gland epithelial cells infected with adenovirus demon-
strated an altered nuclear staining of SS-B/L.a when compared with noninfected cells, where-
as cytoplasmic localization was observed following incubation with IFN-y (166). Primary
salivary giand cultures exposed to IFN-y also revealed increased cytoplasmic localization of
SS8-B/La (161). The appearance of S5-B/La on the surface of virally infected epithelial cells
together with TFIN-v induced expression of HLA-DR could form the basis of a T cell depen-
dent mechanism for anti-35-B/La autoantibody production.

Genetic factors - HLA association

Evidence for a genetic factor that may contribute to the development of Sjégren’s syn-
drome stems from studies describing families in which 2 or more members are affected by
Sjbgren’s syndrome (167-169). Studies on the role of genetics in Sjogren’s syndrome have
mainly focussed on the association between different HLA genes and Sjogren’s syndrome. Tt
has been shown that in a group of Caucasian patients with Sjogren’s syndrome, HLA-DR3
and HLA-DR4 alleles were increased in different subgroups of patients, whereas an increased
frequency of HLA-DR3 and HILA-DR2 has been described in relatives of patients with
Sjdgren’s syndrome (167, 168, 170). A large study among patients in California also revealed
an increased frequency of HLA-DR3 (in addition to certain HLA-DQ alleles) in patients with
primary Sjdgren’s syndrome. Furthermore, these alleles were shown to be associated with
anti-5S-A/Ro and anti-SS5-B/La antibodies, and with clinical and laboratory findings (171).
A strong association between particular HLA-DQ and HLA-DR alleles and the presence of
anti-SS-A/Ro and anti-SS-B/La has also been demonstrated by others. In these studies. no
differences were found between patients with Sjégren’s syndrome and SLE, and evidence
was presented suggesting that distinct HLA class I alleles may influence diversification of
the autoimmune response to the La/Ro RNP (172-174), When groups of Sjdgren’s patients of
different ethnic backgrounds were examined, increased frequencies of specific HLA-DR and
HLA-DQ alleles were found in each ethnic group, but no single allele was increased in all
patient groups. Although a unique HLA class II allele probably was not required for the
development of Sjogren’s syndrome, it was suggested that the disease could arise as a con-
sequence of exposure to an environmental agent in a patient with an allele, common in that
ethnic population (175). In conclusion, although increased frequencies of particular HLA
gene products in groups of patients with Sjégren’s syndrome have been described, no con-
sensus exists on a unique HLA gene in Sjdgren’s syndrome.

Cytokines/ chemokines

Immune mediators such as cytokines and chemokines play an essential role in the
maintenance of immunological homeostasis whereas dysregulated expression may contribute
to the pathogenesis of immune disorders, such autoimmune diseases and allergies. Alered
expression of cytokines in the tissue before infiltration with lymphocytes could play a role in
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the initiation of the autoimmune response. In addition, following the onset of disease,
cytokines released from infiltrating cells in inflamed tissues may induce destructive changes
in the tissues or attract additional levkocytes. As mentioned before, infiltrating lymphocytes
in MSG of patients with Sjogren’s syndrome were found to express the Thi cytokines IL-2
and IFN-y, in addition to the Th2 cytokines IL-6 and IL-10 (138-140, 176). Cytokines that
were most consistently expressed by the salivary gland epithelial cells were the proinflam-
matory cytokines IL-1o, IL-18, IL-6, and TINF-x {138. 139, 176). These cytokines were also
detected in saliva of patients with SjSgren’s syndrome (138).

A role for cytokines expressed by infiltrating lymphocytes as well as by glandular
epithelial cells inthe pathogenesis of $jogren’s syndrome can be envisaged. Production of IL-
2 by activated Th1 Iymphocytes can induce proliferation of additional T lymphocytes. where-
as IFN-y can have a number of effects. These include increased HLA class I expression on
salivary gland epithelial cells as well as on APC, induction of cell death, and of proinflam-
matory cytokine expression. Furthermore. IFN-y can activate macrophages. resulting in
increased expression and release of inflammatory mediators by these cells, such as IL-1 and
TNF-o.. These cytokines can induce tissue damage, but can also stimulate the expression of
other cytokines, among which IL-6. The production of IL-6 and IL-10 by activated Th2 cells
can stimulate B cells to proliferate and differentiate, ultimately resulting in (auto)antibody
production, whereas IL-6 can also upregulate IL-2R expression by T lymphocytes. leading to
increased responsiveness of T ceils to IL-2.

The proinflammatory cytokines IL-1, IL-6, and TNF-0o. can mediate a variety of effects
in the salivary glands. First. local inflammatory effects of the cytokines IL-1 (& and ) and
TNF-a include induction of adhesion molecule expression on endothelial cells, and vasodi-
latation, resulting in extravasation of leukocytes from the vascular compartment, and migra-
tion to the site of inflammation due to expression of chemoattractants. This mechanism has
been proposed to contribute to the homing of autoreactive CD4™ lymphocytes to the salivary
glands of patients with Sjégren’s syndrome (138). Second, expression of IL-18 and IL-6 by
glandular epithelial cells , in which increased HLA-DR expression can be induced by IFN-v
(130. 161, 163). theoretically enables these cells to act as APC. a function that has also been
proposed for salivary gland epithelial cells and will be discussed hereafter (177).

Third, in vitre, both IL-18 and TNFa have been shown to induce increased protein and
mRNA expression of matrix metalloproteinase (MMP)-2 by salivary gland epithelial cells,
whereas expression of tissue iphibitor of metaltoproteinase (TIMP)-2 was decreased (178).
Increased levels of MMP-9, the expression of which can also be influenced by cytokines,
have been measured in saliva and in labial salivary glands of patients with Sjdgren’s syn-
drome as compared with controls (179, 180). An altered balance between MMP and their
inhibitors could lead to degradation of the basement membrane, and thereby to disturbed pro-
liferation or apoptosis of the epithelial glands. Fourth, the cytokines TNF-¢x, -1, and IFN-
v have been demonstrated to induce expression of inducible NOS (iNOS) in hepatocytes and
macrophages (181, 182). Increased INOS activity will stimulate NO production that may
induce damage to epithelial cells of the exoctine cells. Indeed, increased nitrite levels, indi-
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cating increased NO production, have been described in saliva of patients with Sidgren’s syn-
drome as compared with controls. suggesting that INOS expression is induced in the salivary
gland of padents with 8j6gren’s syndrome (1383).

Another pathway. by which cytokines may cause damage to salivary gland epithelial
cells is via the induction of Fas expression on the epithelium. This can be followed by liga-
tion by Fas ligand. present on activated T lymphocytes, and induction of apoptosis in the Fas
expressing cell. Cytokine mediated upregulation of Fas expression on thyrocytes, followed
by Fas/FasL interaction and induction of apoptosis has been suggested to be responsible for
tissue damage and clinical hypothyroidism in Hashimoto's thyroiditis. I.-18 was identified
as the most important cytokine in this process (184. 183). Enhanced Fas expression on the
colon carcinoma epithelial cell line HT-29 could be induced by IFN-y and TNF-oc (186),
whereas [L-18, IFN-y. or a combination of IL-18, IFN-y and TNF-¢; could upregulate Fas
expression in NOD pancreatic islet cells (187). Exposure of HSG cells te IFN~y and/or TNF-
¢t resulted in increased Fas expression and susceptibility to anti-Fas mediated cell death (188,
189). Furthermore. TNF-c. has been shown to induce apoptosis in HSG cells, which occurred
along with decreased expression of X chromosome-linked inhibitor of apoptosis protein
(XIAP) in this cell line (190).

Infiltrating mononuclear cells as well as ductal epithelial cells were identified as
important sources of the chernokines MIP-1¢.. MIP-15 and RANTES in MSG of patients with
Sjégren’s syndrome. but not of healthy controls (145). Although the role of these chemokines
in the pathogenesis of Sjégren’s syndrome remains to be etucidated, chemokines can orches-
trate leukocyte recruitment by regulation of adhesion molecule expression on vascular
endothelium, transendothelial migration and chemotactic movement to the site of inflamma-
tion, thereby contributing to perpetuation or exacerbation of the local autoimmune reaction
(191). Leukocyte subsets that will mainly accumulate due to expression of MIP-1c, MIP-18
and RANTES in the MSG are monocytes/macrophages and T lymphocytes, which are pref-
erentially attracted by B-chemokines. the subfamily to which these chemokines belong.
Whereas MIP-1o. MIP-18 and RANTES are inflammatory cytokines. mainly expressed in
response to a particular pathogen or damage, lymphoid chemokines are involved in the home-
ostatic trafficking of leukocytes into different lymphoid compartments. The expression of the
latter group of chemokines in MSG has been studied as weli (192). Lymphoid chemokines
that were specifically expressed in MSG of patients with Sjégren’s syndrome include sec-
ondary lymphoid organ chemokine (SLC). B cell attracting chemokine {(BCA)-1. Epstein-
Barr virus-induced gene 1 ligand chemokine (ELC)., and pulmonary activation regulated
chemokine (PARC). The main sources of these chemokines were ductal epithelial cells and
infiltrating mononuclear cells. The authors suggested that these chemokines may play a role
in the organization of lymphoid structures in Sjderen’s syndrome (192).

Adhesion molecules
Circulation and accumulation of leukocytes, as well as cell-cell interactions are medi-
ated by cell adhesion molecules (193-195). In autoimmune diseases, the expression of adhe-
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sion molecules on leukocytes and endothelial cells may play an essential role in the homing
of leukocytes to the target organ, and perhaps infiuence the cellular composition of the
inflammatory infiltrates. Additionally. adhesion molecule expression on glandular epithelium
may result in increased interactions between leukocytes and epithelial cells, and in perpetua-
tion of the autoimmune response. For this reason, the expression of adhesion molecules in
exocrine glands of patients with Sjdgren’s syndrome has been the subject of 2 namber of stud-
ies.

Several studies reported the expression of intercellular adhesion molecule (ICAM)-1
on an increased percentage of epithelial and endothelial cells in MSG of patients with
Sjdgren’s syndrome as compared with controls, although expression was weak. Furthermore,
the majority of infiltrating mononuclear cells expressed significant levels of ICAM-1 and its
ligand lymphocyte function associated antigen {LFA)-1 (196-159).

Messenger RNA expression of vascular cell adhesion molecule (VCAM)-1 was exclu-
sively found in salivary and lacrimal gland biopsies of patients with Sjdgren’s syndrome, but
not of controls (197). Immunohistochemistry revealed expression on endothelial structures
and mononuclear cells only. Very late antigen (VLA)-4, the ligand for VCAM-1, was
expressed on the majority of infiltrating CD4 lymphocytes (197, 198). Increased expression
of ICAM-1 and VCAM-1 in MSG of patients with Sjigren’s syndrome was suggested to be
the consequence of expression of inflammatory cytokines in the glands, since overexpression
of these molecules was cbserved concurrently with IFN-v and IL-185 expression in the glands
(197). Indeed, upregulation of ICAM-1 expression on cultured salivary gland epithelial cells
upon exposure to IFN-v has been observed (196).

CD2 expression has been demonstrated on infiltrating mononuclear cells in MSG of
patients with Sjégren’s syndrome. whereas the ligand LFA-3 was detected on infilirating cells
and a large number of acinar and ductal epithelial cells (196, 198). It was suggested that LFA-
3 could play an important role in binding of CD2* lymphocytes and consequent T cell acti-
vation (198). Expression of both CD2 and LFA-3 was also detected in MSG of patients with
chronic sialoadenitis. No difference was found between chronic sialoadenitis and Sjogren’s
patients (199).

In conclusion, these studies demonstrate changes in adhesion molecule expression in
glanduiar biopsies of patients with Sjogren’s syndrome. The adhesion molecules VCAM-1
and ICAM-1, expressed by endothelial structures, may contribute to the recruitment of VLA-
4% and LFA-1* Iymphocytes and be the main targets for T cell migration to the exocrine tis-
sues in Sjdgren’s syndrome. Increased expression of adhesion melecules may be mediated by
proinflammatory cytokines expressed in the inflamed salivary glands, and occur secondarily
to the development of lymphocytic infiltrates, although a role in the initiation of sialoadeni-
t1$ can not be ruled out.

Apoptosis
Two major pathways have been described leading to the induction of apoptosis in
cells. The so-called extrinsic apoptosis pathway involves ligation of receptors in the cell
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membrane, such as Fas or other members of the TNF receptor family by their corresponding
ligands. Ligation of these receptors leads to trimerization and aggregation of FADD (Fas-
associated protein with death domain) and procaspase-8 to the receptor complex. Binding of
procaspase-§ results in activation of the protease domain, which will subsequently activate
effector proteases such as caspase-3. These effector caspases can cleave vital cellular sub-
strates, ultimately resulting in apoptosis (Fig. 1A) (reviewed in 200). Pro-apoptotic members
of the bel-2 protein family, such as bax, can induce apoptosis via the intrinsic pathway, in
which these proteins target to the mitochondria and induce the release of cytochrome c into
the cytosol (Fig. 1B) (201, 202}. Cytochrome ¢ binds to the caspase-activating protein Apaf-
1 (apoptotic protease-activating factor), which in turn activates caspase-9. Activated caspase-
9 can subsequently cleave and activate the effector molecule caspase-3, which can mediate
substrate cleavage (Fig. 1B) (202-204). Although originally described as two separate apop-
tosis pathways that functon independently of each other, evidence has now accumulated that
suggests interactions between components of the two pathways. Fas ligation has been
described to result in the formation of pores in the mitochondrial membrane and in the sub-
sequent release of cytochrome c and other apoptosis factors in the cytosol (205). Using a
human breast epithelial cell line. others demonstrated that translocation of the proapoptotic
molecule bax from the cytosol to the mictochondrial membrane occurs as part of the Fas-
induced apoptotic pathway. Insertion of bax into the mitochondrial membrane could be inhib-
ited by bcl-2 overexpression (206). In addition to the extrinsic and intrinsic apoptosis path-
ways. apoptosis can be indaced in cells via the release of perforin and granzyme containing
granules. This pathway is responsible for a major part of the cytotoxicity generated by CD8*
T lymphocytes (reviewed in 207). In the presence of calcium, perforin polymenizes and forms
channels in the cell membrane, through which granzymes may pass. These granzymes can
subsequently activate the death machinery of target cells. Granzyme B for example has been
demonstrated to efficiently activate effector caspases (reviewed in 207, 208). but also to be
able to directly cleave nuclear substrates of caspases and induce apoptosis in a caspase-inde-
pendent way (209).

Although apoptosis is a physiological process, amongst others involved in mainte-
nance of homeostasis. disturbances in this process can play a significant role in the patho-
genesis of autoimmune diseases. First, defective expression of Fas and FasL in the Ipr and
gld mouse strains, respectively, results in severe systemic autoimmune manifestations (210).
Second, apoptosis may participate in the initiation of an autoimmune response by the release
of nuclear antigens. or via the generation of neoantigens by activated caspases. Third, apop-
tosis may be an important mechanism inducing cell death in the late phase of an autoimmune
response. Fourth, abnormalities in apoptosis may contribute to the chronic nature of autoim-
mune processes. Increased expression of anti-apoptotic factors such as bel-2 by infiltrating
lymphocytes can protect these cells to apoptosis, resulting in the persistence of the infiltrates
and continuation of the autoimmune process.

The potential contribution of apoptosis to the induction of the autoimmune reaction is
receiving more and more attenition. In the past, apoptosis was mainly regarded as a way of
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Figure 1
Two major pathways that can lead to the induction of apoptosis. Apaf-1: apoptotic protease-activating factor:
Cyto-c: cytochrome ¢; FADD: Fas-associated protein with death domain; FasL: Fas ligand.

cell death not inducing an inflamumatory response. However, several lines of evidence have
now dermonstrated that an immune response can evolve following the induction of apoptosis
(211.212). First, apoptosis can induce the exposure of antigens. normally retained within the
cytoplasm or nucleus of the cell. These antigens become accessible for autoreactive lympho-
cytes. possibly resulting in the initiation of an astoimmune response. Evidence for this pos-
sibility was obtained in experiments in which mice were injected intravenously with syn-
geneic apoptotic thymocytes. These mice developed an autoantibody response, including low
levels of antinuclear antibodies and anti-ss-DNA antibodies (212). Furthermore, surface
blebs of apoptotic keratinocytes and cardiocytes were found to contain SS-A/Ro and S§S-
B/.a, which are normally present in the nucleus or cytoplasm of the cell (36, 99). This sug-
gests that in patients with Sjdgren’s syndrome or SLE. systemic exposure to {increased num-
bers of) apoptotic cells could result in the development of autoantibodies to these generalized
antigens. A second pathway by which apoptosis may contribute to the induction of an autoim-
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mune response Is via the activation of caspases. These enzymes can cleave intracellular pro-
teins. which may result in the exposure of cryptic antigens and in the subsequent induction of
an autoimmune reaction. A protein that could be a substrate for apoptosis associated caspas-
es is 240 kI> ¢-fodrin. a normal component of the cytoskeleton. It has been demonstrated that
this protein was cleaved following induction of apoptosis in a T cell hybridoma., resulting in
the generation of 120 kD sized o-fodrin (105, 106). As mentioned before, antibodies to 120
kD ¢-fodrin have been described in the serum of a high percentage of patents with Sjdgren’s
syndrome (103, 107). The direct involvement of the 120 kD form of the protein in the patho-
genesis of Sjogren’s syndrome was suggested following the identification of 120 kD a-fodrin
in MSG of patents with Sjégren’s syndrome, whereas it was absent in control tissues. In
addition, immunization of neonatal NFS/sid mice thymectomized 3 days after birth, with a
recombinant o-fodrin peptide, inhibited the development of sialoadenitis normally observed
in this mouse model (103). Although these experiments are indicative for a role of 120 kD «-
fodrin in the initiation of the autoimmune response. the direct pathogenic role in Sjégren’s
syndrome in humans still remains to be demonstrated. However, the fact that induction of
apoptosis leads to the processing of a protein that may be involved in the pathogenesis of
Sjégren’s syndrome illustrates the potential contribution of enzymes, activated in association
with apoptosis, to the generation of cryptic antigens.

The involvement of apoptosis in the induction of glandular damage in the late phase
of the autoimmune disease has clearly been demonstrated in patients with Hashimoto's thy-
roiditis. in which thyrocytes that constitutively express FasL can induce apoptosis in neigh-
bouring thyrocytes in which Fas expression was induced by IL-18 (184). The infiltrating T
lymphocytes were not directly invelved in thyrocyte destruction, but were subject to Fas-
mediated apoptosis themselves (213). Other autoimmune diseases in which apoptosis has
been suggested to contribute to damage to the target organ include insulin-dependent diabetes
mellitus (IDDM) and multiple sclerosis (MS) (214, 215). In contrast to Hashimoto's thy-
roiditis, the cells responsible for the induction of apoptosis in patients with IDDM were acti-
vated T lymphocytes. Apoptotic 8-cells in parncreata of these patients were in close proximi-
ty of FasL positive T lymphocytes, whereas endocrine and exocrine cells were FasL negative
(214).

In the majority of studies on the role of apoptosis in the pathogenesis of 5jdgren’s syn-
drome, apoptotic epithelial cells (both ductal and acinar) were detected in MSG of patients,
whereas apoptosis was decreased or even absent in epithelial cells of control biopsies (216-
219). In addition, apoptotic cells were identified ameng infiltrating mononuclear cells in sali-
vary glands of Sjdgren’s patients. although the number was generally low (216, 217, 219-
222). Expression of Fas and FasL was observed on acinar and ductal epithelial cells as well
as on infiltrating lymphocytes. Fas expression on epithelial cells was increased when com-
pared with controls, whereas expression of Fasl. was not detected in biopsies in which no
lymphocytic infiltration had occurred (188, 216, 217, 219). It was suggested that abnormal
epithelial coexpression of Fas and FasL. in Sjégren’s syndrome could result in the induction
of apoptosis in epithelial cells. mediated by adjacent epithelial cells, similar to the situation
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in Hashimoto’s thyroiditis. Alternatively or in addition, FasL expressed on activated lym-
phocytes could also mediate Fas ligation and activate the death pathway in the epithelial cells
{Fig. 2A). Low numbers of apoptotic cells in the lymphocytic infiltrates despite relatively
high expression of Fas and FasL may be due to overexpression of the anti-apoptotic factor
bel-2 on these lymphocytes. Epithelial expression of bel-2 was low as compared with control
tissue or even absent. resulting in increased susceptibility 1o apoptosis inducing signals (Fig.
2A) (190, 216, 218, 220, 221).

Another pro-apoptotic factor that has been implicated in Sjdgren’s syndrome is bax.
Expression of this protein was increased in infiltrating mononuclear cells and epithelial cells
(220, 221). The pro-apoptotic effect of bax in infiltrating cells could be overcome by co-
expression of bel-2. since infiltrating bax positive mononuclear cells expressing elevated lev-
els of bel-2 were not apoptotic, whereas weak bel-2 expression was not sufficient to inhibit
the pro-apoptotic effect (Fig. 2B) (221). The anti-apoptotic factor X chromosome-linked
inhibitor of apoptosis protein (XIAP) was recently proposed to be involved in the regulation
of apoptosis in epithelial cells of patients with Sjdgren’s syndrome. XTAP was expressed by
acinar and ductal epithelial cells in MSG of patients. whereas expression was absent in con-
trols {190). This protein can inhibit the activity of effector caspases, such as caspase-3 and
caspase-7, as well as activation of caspase-9 (Fig. 2C) (200, 223, 224), Interestingly, incuba-
tion of HSG cells with TNF-ox resulted in decreased XJAP expression, and increased apopto-
sis, an effect that could be overcome by the cytokines IL-15. IL-10 and TGF-B, (190).

Apoptosis in target cells can also be induced by the secretion of cytolytic granules con-
taining perforin and granzyme B by activated T celis (Fig. 2D}. Both cytotoxins have been
demonstrated in infiltrating mononuclear cells in MSG of patients with Sjégren’s syndrome.
but not in glands of patients with aspecific sialoadenitis (220). In another study. 50% of aci-
nar epithelial cells positive for an early apoptotic marker, were in contact with CD8* T Iym-
phocytes, which suggests that these celis play an important role in the induction of apoptosis.
The CD8™ T cells were strongly positive for the integrin adhesion molecule oS-, which
could play a role in the adhesion of CD8* T cells to E-cadherin on target cells. Around aci-
nar cells being in close contact with the o8,7CD8* T lymphocytes, perforin and granzyme
B were expressed, also indicating that this pathway is likely to be involved in the induction
of damage to acinar cells by cell-cell contact (225). NO is a mediator, that when produced in
excessive amounts, can induce apoptosis in a variety of cell types (226-228). In the joint of
patients with rheumatoid arthritis, a close correlation between the presence of iNOS and
apoptosis in the synovial lining layer has been demonstrated, and apoptosis could be
decreased in culmire explants of cartilage and synovium by the iNOS inhibitor L-N©-
monomethylarginine (L-NMMA) (229). Although a direct association between NO produc-
tion and apoptosis in Sjgren’s syndrome has not been examined, NO is produced in salivary
glands of patients with Sjogren’s syndrome as evidenced by increased nitrite levels in the sali-
va of patients. A role for this mediator in the induction of apoptosis in diseased glands can be
envisaged (183). Macrophages and salivary gland epithelial cells have been suggested to be
important scurces of NO production in the salivary gland. and cytokines were postulated to
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Cells and molecules proposed to be involved in the regulation of apoptosis in Sjégren’s syndrome. FasL: Fas
ligand; IL-18: interleukin-18; iINOS: inducible nitric oxide synthase: NO: nitric oxide; XIAP: X chromosome-
linked inhibitor of apoptosis protein.
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contribute to NO production, via the induction of iINOS expression (Fig. 2E} (183).

In conclusion, apoptosis may be an important mechanism responsible for cell death in
exocrine glands of patients with Sjdgren’s syndrome. The molecules and cells. postulated to
be involved in the regulation of apoptosis in Sjégren’s syndrome are summarized in figure 2.
However, despite the number of studies in which an important role for apoptosis in the effec-
tor phase of Sjdgren’s syndrome is implied. controversy among this subject remains. The
range between reported apoptotic frequencies is high (0.3% to 68%) (216. 218-220, 222,
230}. and apoptosis has even been described to be a rare event in Sjdgren’s syndrome. despite
expression of Fas and FasL. on epithelial and infiltrating mononuclear cells (231). This indi-
cates that further investigations on the role of apoptosis are needed before definite conclu-
sions on its role in Sjdgren’s syndrome can be drawn.

Epithelial cells as antigen presenting cells

Diagnosis of Sjdgren’s syndrome is dependent or symptoms and/or signs of oral and
ocular involvement, but. although the salivary and lacrima] glands are the organs most often
affected by the autoimmune response. other organs can be affected as well. The observation
that involvement of other organs was mainly restricted to the epithelial cells of these organs
was followed by the suggestion that the affected tissue in Sjdgren’s syndrome is the epitheli-
um. Therefore. a more descriptive pathophysiological term “avtoimrnune epithelitis” was pro-
posed (177). An active role for the epithelium in the initiation and perpetuation of the autoim-
mune reaction was postulated following the demonstration of HLA-DR and proinflammato-
ry cytokine expression by salivary gland epithelial cells (130. 138, 139. 161, 232). When the
expression of costimulatory molecules was examined in MSG biopsies of patients with
Sjogren’s syndrome and compared with biopsies of patients with aspecific sialoadenitis,
expression of CD80 and CD86 was evident on an increased percentage of acinar and ductal
epithelial cells (in addition to mononuclear cells) in Sjdgren’s patients. In long term epithe-
lial cell cultares obtained from MSG, expression of CD80 and CD86, and of HLA-A. -B, -C.
and HLA-DR was upregulated or induced following treatment with IFN-y (162). CD80 and
CD86 can interact with CD28 and CTLA-4, expressed on T lymphocytes, resulting in the
delivery of a second signal to the T cell (in addition to occupancy of the T cell recepror by
peptide-HLA complexes). Since costimulatory signals are required during the interaction of
an APC with a T lymphocyte in order to induce T cell activation (as opposed to induction of
T cell anergy). salivary gland epithelial cells were proposed to behave as non-professional
APC (162). Although naive T Iymphocytes require strong costimulatory signals for their acti-
vation that can only be delivered by professional APC, epithelial cells might function as APC
once lymphocytic infiltrates have developed in the salivary glands. The production of IFN-y
by infiltrating T cells may induce increased epithelial expression of HLA-DR and costimmla-
tory molecules. The concurrent induction of cell death in adjacent epithelial cells. possibly
also mediated via IFN-y (164). might result in the presentation of salivary gland derived anti-
gens to T cells that have already encountered antigen, leading to perpetuation of the autoim-
rune reaction.
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Sicca symptoms, result of funcrional quiescence as opposed to glandular damage?

The mechanism(s) underlying diminished function of exocrine organs in Sjcgren’s
syndrome is unknown, but damage invoked to the glandular epithelial celis by the focal infil-
trates was commonly thought to be responsible for sicca symptoms. Death of the epithelial
cells could result from the release of cytotoxic mediators or from apoptosis, induced by infil-
trating cells, as discussed in the previous section (216-220, 225). However. several lines of
evidence argue against this traditional view. First, although significant numbers of apoptotic
cells have been demonstrated in MSG of patients with Sjdgren’s syndrome (216-219). a neg-
ative correlation between the degree of glandular damage and the secretory response has
never been observed. Second, no correlation was found between the degree of lymphocytic
infiltration in MSG and salivary flow (233. 234). Third. salivary glands have a substantial
functional reserve. and some degree of atrophy can be tolerated without a reduction in sali-
vary flow rate. This is also illustrated by the fact that in the majority of mouse models for
Sjégren’s syndrome. a decreased secretory response does not develop, despite extensive lym-
phocytic infiltration in the salivary glands (see chapter on mouse models for Sjdgren’s syn-
drome). Thus, destructive changes in the exocrine glands are unlikely to fully account for
sicca sympioms.

Alternatively, sicca symptoms may be the resuit of a diminished capacity of salivary
gland acinar epithelial cells to respond to stimuli, or of a decrease in agonistic stimuli reach-
ing the epithelial cells. Cholinergic dysfunction. which may contribute to sicca symptoms.
has been demonstrated in a high percentage of patients with Sjdgren’s syndrome. The
microvascular response to the muscarinic cholinergic agonist carbachol. administered to the
skin of the forearm of Sidgren’s patients. was significantly decreased when compared with
controls (235). At the level of the exocrine glands, cholinergic dysfunction was proposed to
be induced by cytokines released by infiltrating cells. Cytokines may interfere with neural
signals delivered to the epithelial ceils, resulting in an altered functional respense of glandu-
lar epithelial cells to neural stimulation. and impairment in the secretion of anions {(236).
However, evidence against a major antisecretory effect of cytokines on acinar epithelial cells
in vitro has been presented (237). When conditioned medium, prepared from splenic lym-
phocytes exposed to concanavalin A was added to murine submandibular acinar epithelial
cells, a decreased acetylcholine-evoked Ca®* mobilization was found. This effect was only
found following acute exposure of acinar cells to the medium, whereas chronic exposure did
not influence the response. Although conditioned medium is a rich source of cytokines, this
acute effect was mediated by cholinesterase, since it could be blocked by a cholinesterase
inhibitor. Furthermore, the response induced by the cholinesterase-resistant muscarinic ago-
nist carbachol was not influenced by the conditioned medium, It was suggested that in vive,
cholinesterase could leak from the serum into the interstitium of the salivary gland as a com-
ponent of the inflammatory exudate, or be derived from the surface membrane of activated
lymphocytes (237). The cholinesterase concentration in the salivary gland could rise to a
point at which acetylcholine released by parasympathetic nerve terminals is metabolized
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before it can bind to muscarinic receptors on the acinar cells. Prolonged loss of function, dus
to the action of cholinesterase, could be the trigger for glandular atrophy, which develops
with progression of the disease. Atrophy would then arise as a result of diminished function,
rather than being the cause of it (237).

Recently, it was demonstrated that aquaporin (AQP)-3. a member of water-gpecific
membrane channel proteins, shows an abnormal cellular localization in MSG of patients with
Sjogren’s syndrome. In these glands, AQP-5, which is normally expressed on the apical
membrane of acinar epithelial cells and of the proximal segment of intercalated ducts (238,
239)., was primarily expressed on basal membranes of acinar cells (240). Interestingly, simi-
lar findings were done in lacrimal gland biopsies of Sjogren’s patients, in which AQP-5 was
mainly detected in the cytoplasm of acinar cells. in contrast to the apical distribution in con-
trols (241). The demonstration that AQP-3 knock out mice have decreased saliva production
supports the hypothesis that abnommal localization of AQP-3 may be responsible for
decreased secretion of exocrine glands in patients with Sjdgren’s syndrome (242).

A mechanism operating at the receptorial level may involve autoantibodies directed to
muscarinic cholinergic receptors that can compete with natural agonists for binding to the
receptor, resulting in a diminished functional response upon agonistic stimulaion. Recently,
evidence has accurnulated supporting an important role for an antibody mediated mechanisin
in the decreased secretory output observed in patients with S8jgren’s syndrome. An impor-
tant clue came from experiments in which injection of $jS-IgG into NOD-Igu™" mice,
which lack functional B lymphocytes. resulted in a decreased stimulated salivary output
(117). Antibodies directed to the M3 muscarinic receptor had already been demonstrated in
the serum of patients with Sjdgren’s syndrome (116. 119). Since the M3 muscarinic receptor
is important in the stimulation of watery salivary flow, these autoantibodies could well be the
humoral factor responsible for glandular dysfunction. The capability of anti-M3 muscarinic
receptor antibodies to interfere with parasympathetic neurotransmission was demonstrated in
experiments in which carbachol induced bladder muscle contraction could be decreased by
preincubation with §38-IgG (77). The antibodies were suggested to mediate a whole array of
autonomic features reported in patients with Sjogren’s syndrome. incleding bladder irritabil-
ity. constipation, fluctuating blocd pressure and dilated pupils. A major role for anti-M3 mus-
carinic receptor antibodies in diminished secretory function could also explain the benefit
that many patients experience from treatment with the muscarinic receptor agonist pile-
carpine (73-75). Although an anti-secretory effect of antagonistic anti-M3 muscarinic recep-
tor antibodies can easily be envisaged, Bacman et al described anti-M3 receptor antibodies
with agonistic properties (116, 118). These antibodies may ultimately induce desensitization
or internalization of the muscarinic receptors, resulting in a decreased secretory response
upon stimulation.

In addition to the defects described above, involving alterations at the receptorial or
prereceptorial level that may result in diminished secretion of acimar epithelial cells in
patients with Sjdgren’s syndrome. a postreceptorial defect has been described. When protein
kinase C (PKC) isoforms were studied in MSG of patients with Sjdgren’s syndrome, three
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PKC isoforms were defectively expressed (243). Since PKC is participating in the signal
transduction pathway that is activated following ligation of muscarinic receptors (244},
defective expression of PKC isoforms could influence the functional response induced by
Muscarinic receptor agonists.

In conclusion. although sicca symptoms in Sjégren’s syndrome were traditionally
thought to develop as a consequence of destruction of glandular tissue, an altemnative view of
exocrine dysfunction is receiving more and more attention. In this view, glandular dysfunc-
tion may arise due to either diminished capacity of the acinar epithelial cells to respond to
stimuli, or to a decrease in agonistic stimuli reaching the acinar epithelial cells. This patho-
physiological mechanism would greatly improve the therapeutic opportunities for the patient;
after all, it assumes absence of irreversible glandular damage, and secretion may still be
stimulated by chemical compounds. These may include compounds that compete with block-
ing antibodies. or that are insensitive 10 enzymes that can degrade neurotransmitters.

Cencluding remarks

Sidgren’s syndrome is an autoimmune disorder with a high prevalence. In addition to
involvement of the salivary and lacrimal glands, other organs can be affected. Besides symp-
toms resulting from involvement of the exocrine glands, fatigue is a common disease mani-
festation which can have a major impact on quadity of life. The event(s). leading to the initi-
ation of the autoimmune response is not known. and studies on the early phase are hampered
by the long time gap between initiation and diagnosis of the disease. Furthermore. the popu-
lation of patients with Sjdgren’s syndrome is heterogeneous, and mechanisms involved in the
initiation of disease may vary among patients. In the end phase of Sjégren’s syndrome, a
decreased production of saliva and tears may occur, which was commonly thought to be the
result of destruction of glandular epithelial cells, due to the development of lymphocytic infil-
trates in the glands. However, an alternative hypothesis gaining more attention, attributes an
important role to anti-muscarinic receptor antibodies that can interfere with binding of natu-
ral agonistic molecules to the receptor. Since these antibodies were specifically detected in
serurn of patients with Sjogren’s syndrome, the presence of these antibodies would not only
increase therapeutic possibilities, but could also contribute to diagnosis of the disease.
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Mouse models for Sjogrens’s syndrome

Introduction

The pathogenesis of Sj6gren’s syndrome can theoretically be divided in two phases:
An initiation phase, in which certain events lead to the initiation of the autoimmune reaction,
and an effector phase, in which lymphocytic infiltrates develop in the salivary and/or lacrimal
glands (also named sialoadenitis and dacryoadenitis, respectively) and a decreased produc-
tion of saliva and tears is observed. Although a combination of immunologic, genetic, hor-
monal and viral factors have been implicated in the pathogenesis of Sjogren’s syndrome, the
events leading to the initation of the autoimmune reaction are still not known (1-3).

Because of the long time gap between the initial events leading to the activation of
autoreactive lymphocytes, and the final diagnosis Sjdgren’s syndrome, it is virtually impos-
sible to study the initiation phase of the autoimmune process in humans. Mouse models for
Sjdgren’s syndrome are therefore of great value. A high percentage of the mice will develop
sialoadenitis and/or dacryocadenitis, which enables investigators to study the initiation phase
in detail. The salivary and lacrimal giands can be studied from birth on till the autoimmune
process has fully developed. The role of molecules, thought to contribute to the initiation or
effector phase of the autoimmune response can be carefully examined by administration of
monoclonal antibodies to the molecule(s) of interest. Transgenic mouse models can be used
to assess the influence of genetic factors on the development of disease. On the basis of these
experiments, a therapy can be developed, the effectiveness of which can be evaluated in the
mouse model. In a heterogeneous disease like Sjéeren’s syndrome, pathogenetic mechanisms
underlying the development of the antoimmune disease may vary among patients. The simul-
taneous use of different mouse models offers the opportunity to get insight into different
pathogenetic mechanisms that may underly the development of Sjégren’s syndrome in sub-
groups of patients,

Here, we review different mouse models for Sidgren’s syndrome, paying predominant
attention to the NOD and the MRL/Ipr mouse, with special emphasis on the submandibular
glands (SMG). We discuss the pathogenetic mechanisms that may underlie the development
of the autoimmune process. We believe that each mouse model exhibits unique characteris-
tics of sialoadenitis and dacryoadenitis which can be exploited to study one particular phe-
nomenon of Sjogren’s syndrome. These characteristics may include the origin of the event(s)
leading to the initiation of the autoimmune reaction. as well as the mechanism(s) responsible
for perpetuation of the auroimmune process. Knowledge of strain specific characteristics of
the disease will enable targeted manipulation of mechanisms that may underly the
development of the autoimmune process.

Non-obese diabetic mouse

General features

The nonobese diabetic (INOD) mouse was originally bred from a subline of outbred
ICR mice that were used in a breeding program of which the initial goal was the development
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of a mouse strain with cataract (4). The progeny of a female mouse that spontaneously devel-
oped insulin dependent diabetes mellitus (IDDM) in association with insulitis was used ag
founders for the NOD mouse strain. In addition to Iymphocytic infiltrates that develop in the
pancreas, the presence of lymphocytic infiltrates in the SMG was reported (5), after which
this mouse strain was proposed to serve as a model for Sjdgren’s syndrome. Other organs of
the NOD mouse in which lymphocytic infiltrates have been found include the lacrimal glands
and the thyroid (6. 7). In aged NOD mice (> 1 year) that have not developed diabetes, lym-
phocytic infiltrates can also be detected in the kidney, large intestine, muscle and nervous tis-
sue (8). The incidence of diabetes as well as sialoadenitis in NOD females is higher when
compared to males. whereas dacryoadenitis developed more frequently in male mice (9, 10).

The development of insulitis. already apparent in some animals at the age of 4 weeks,
occurs before the appearance of lymphocytic infiltrates in the SMG, which can be detected
from the age of 8 weeks on (11). The development of sialoadenitis in the NOD mouse is
accompanied by a decreased secretory response, a feature not observed in most other mouse
models for Sjégren’s syndrome, but which is not due to Joss of blood glucose regulation in
diabetic mice (12. 13).

Several lines of evidence have shown that the two autoimmune processes that devel-
op in the pancreas and the SMG occur independently in the same animal, although the dia-
betes susceptibility loct Idd3 and Jdd5 did affect the development of sialoadenitis (14). First,
it was shown that neither insulitis nor the presence of islet cells is required for the
development of sialoadenitis {135, 16). Second, using congenic NOD.B10.H2b mice, in which
the unique NOD MHC I-AS7 is replaced by the C57BL/10 derived MHC, it was demon-
strated that the NOD I-A27 is an essential locus for the development of diabetes, but not for
the development of exocrine gland dysfunction (17). Third. the induction of immunological
tolerance against pancreatic $-cells by intrathymic injection of islet cell homogenates into
neonatal mice prevented the development of diabetes. whereas the autoimmune response to
the salivary glands was not affected (18). This indicates that the autoimmune reaction to the
salivary glands is not due to loss of immunclogical tolerance for the antigen(s), expressed
both by the pancreatic B-cells and the salivary glands.

Composition of lymphocytic infiltrates

A predominance of CD4™ T lymphocytes over CD8™ T lymphocytes was demon-
strated in lymphocytic infiltrates in submandibular and lacrimal glands of NOD mice. B cells
were also present, but fewer in number when compared to total T cells (6, 19, 20}. A diverse
repertoire of TCR VB usage, with a predominance of TCR V[8.1.2, VB6 and V34 on lym-
phocytes infilrating the SMG was described (19, 21), This suggests that T cells expressing
these TCR VB genes may expand clonally in the salivary glands. and proliferate by antigen
driven stimulation. However, evidence has also been raised suggesting that initial infiltration
of T lymphocytes into the salivary gland may be antigen driven, which is followed by a sec-
ondary influx of T lymphocytes expressing different TCR VB genes {19).
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Cytokines

The development of lymphocytic infiltrates in the SMG coincides with an increased
mRNA expression of the cytokines IL-18, IL-2, IL-6. IL-7. IL-10. IL-12, IFN-v and TNF-¢x,
whereas expression of IL-4 was not observed (20, 22, 23). Immunohistochemical stainings
revealed expression of IL-2, IL-10, IFN-y and TNF-¢ by infiltrating lymphocytes. but not of
IT-4 (23). Transgenic expression of a soluble TNF receptor in NOD mice resulted in signif-
icantly lower infiltration of the exocrine glands, suggesting an important role for TNF-¢x in
the development of lymphocytic infiltrates in these glands (24). These studies show that
CD4* T lymphocytes in the NOD SMG possess a Thl cytokine profile in addition to IL-10,
which is consistent with observations in patients with Sjderen’s syndrome (25-29). In the
lacrimal gland of the NOD mouse, in which lymphocytic infiltrates are first detected at §
weeks of age, mRNA expression of IP-10 and RANTES was found from this age on, peak-
ing at 24 weeks. In additon, minimal expression of lymphotactin was observed throughout
the disease course (30). Treatment of NOD mice with an anti-RANTES antibody from 6 till
11 weeks of age resulted in a significant reduction of inflammation in the lacrimal gland. sug-
gesting an important contribution of this chemokine to the development of dacrycadenitis.

Auroaritibodies

Autoantibodies, present in the serum of NOD mice inciude anti-thyroid antibodies,
and antibodies directed to pancreatic § cell antigens (7, 8, 31). By immunohistochemistry on
murine parotid and SMG sections, antibodies to acinar and ductal epithelial cells were
revealed (32). In a low percentage of NOD mice, antibodies to the 52 kD ribonucleoprotein
S$5-A/Ro were present whereas antibodies directed to SS-A/Ro 60 kD or SS§-B/La were not
detected (21). In humnans, a 120 kD form of the cytoskeletal protein ¢-fodrin. which normal-
ly has a size of 240 kD. has been implicated in the pathogenesis of Sjogren’s syndrome (33).
Interestingly, antibodies to 120 kD a-fodrin have been detected in serum of NOD mice. cor-
relating closely with the appearance of lymphocytic infiltrates in the salivary glands (22). A
role for autoantibodies directed towards salivary gland epithelial cell surface antigens, such
as the M3 type muscarinic receptor, in the effector phase of sialoadenitis in the NOD mouse
has been suggested, which will be discussed hereafter.

Abnormalities in the salivary gland

The initiation of an aberrant autoimmune reaction, which could lead to the
development of an autoimmune disease may be due to an abnormality in one or both con-
tributors to this reaction, i.e. the Immune system and/or the target organ to which the autoim-
mune reaction is directed. The existence of NOD-scid mice which lack functional B and T
lymphocytes (34) offers good opportunities to discriminate between contributions to the
autoimmune response in the SMG of NOD mice that are dependent on the presence of lym-
phocytes from those that are not. Evidence has been obtained which suggests the existence of
genetically programmed abnormalities in the exocrine glands of NOD nuce that may con-
tribute to the initiation of the autoirmmune reaction. Biochemcal analysis of whole saliva
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samples from NOD-scid mice revealed a different protein composition when compared with
control mice, whereas total salivary flow and protein concentration were comparable between
NOD-scid and control mice {35). An abnormal isoform of parotid secretory protein (PSP)
was detected in the saliva of 20-week-old NOD-scid mice, and two other isoforms of this pro-
tein disappeared. Furthermore, PSP was ectopically expressed in the SMG of 10-week-oid
NOD-scid mice.

Other aberrances found in the salivary glands of NOD and NOD-scid mice (18-20
weeks of age). include increased cysteine protease activity and increased expression of matrix
metalloproteinases (36, 37). The fact that these abnormalities were also detected in NOD-scid
mice indicates that disturbed protein expression by salivary glands of mice with the NOD
background is likely to originate in the salivary gland as opposed to be caused by (products
of) lymphocytes. Furthermore, increased numbers of apoptotic salivary gland epithelial cells
has been observed in 18-week-old NOD and NOD-scid mice (38). Altogether, these results
indicate altered glandular homeostasis in mice with the NOD genetic backeground, which may
contribute to the development of sialoadenitis.

Defects in the immune system

In addition to abnormalities in the NOD SMG, defects in the immune system of the
NOD mouse could also contribute to the initiation of the autoimmune response. Defects that
have been described include a decreased ability of NOD antigen-presenting cells to stimulate
T suppressor cells, whereas the capacity to activate autoreactive T cells is retained (39, 40).
This may be related to the relatively unstable NOD MHC class II antigen. to decreased
expression of CD86 on NOD antigen-presenting cells, to decreased production of intraceliu-
lar glutathione and IL-1 by NOD macrophages. or to enhanced prostanoid metabolism in
NOD macrophages (39-43).

Anti-CD3 stimulation of T lymphocytes results in upregulation of both CD28 and
CTLA-4. The ratio between these molecules can influence the outcome of this stimulation,
since CD28 delivers a positive, and CTLA-4 delivers a negative signal to the T cell (44, 45).
Following immune activation of NOD T lymphocytes, the ratio betwesn CTLA-4 and CD28
was not increased. in contrast to what was observed on control T lymphocytes. This can result
in the inability to control T cell responses. which may increase susceptibility to the
development of autoimmune diseases (42). Recently, aberrant cytokine production by LPS
stimulated NOD peritoneal macrophages was demonstrated. The precise balance between IL-
10 and TNF-c production following stimulation of NOD macrophages with LPS was dis-
turbed, and IL-12 production exceeded by far that of stimulated control macrophages (46).
Elevated IL-12 production by NOD macrophages could result in a bias of T cell responses
towards a Th1 phenotype, thereby predisposing to the development of organ-specific antoim-
munity. Prolonged immune responses of NOD B- and T-tymphocytes have been described in
vitro (47, 48). This was linked to increased resistance to apoptosis induction, a phenomenon
that segregated with several chromosomal loci, among which the Idd5 diabetes susceptibili-
ty region (49-51). NOD hepatocytes were less sensitive to apoptosis induction by D-galac-
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tosamine and TNF-o as compared with C57BL/6 hepatocytes, a difference which was due to
a postreceptor defect, as binding of recombinant TNF-¢ to NOD and control hepatocytes was
similar (52). It is possible that this defect is not confined to hepatocytes, but extends to leuko-
cytes. Defective activation of T suppressor cells in combination with increased resistance of
NOD lymphocytes to apoptosis may contribute to the development of autoimmunity in the
NOD mouse. '

Mechanisms involved in the effector phase of the autoimmune process

In the NOD mouse, the effector phase of the autolmmune process is accompanied by
a decreased secretory reponse of the exocrine glands. Loss of secretory function was shown
to be lymphocyte dependent, since it was not observed in NOD-scid mice (35). A role for
serum autoantibodies was postulated following the observation that NOD.Igu™*" mice, in
which B-lymphocytes are absent, maintain normal secretory function despite the
development of focal infiltrates. Dryness was induced in these mice by transfer of purified
serum IgG from NOD mice, which resulted in loss of stimulated saliva production (15).
Similar observations came from experiments in which serum from 6 month-old NOD mice
was injected into 6-week-old NOD mice, resulting in a decreased secretory response in the
recipients (53). In serum of patients with 3jdgren’s syndrome, anti-M3 muscarinic receptor
autoantibodies had been identified (54). Muscarinic receptors are responsible for generation
of the fluid phase of saliva. Transfer of IgG from Sjdgren’s patients to NOD mice resulted in
decreased stimulated saliva preduction in the recipients, Consequently, it was proposed that
autoantibodies directed to the M3 muscarinic receptor also mediate decreased secretory func-
tion in the NOD mouse (15). Indeed. infusion of anti-M3 muscarinic receptor antibodies into
NOD-scid mice resulted in a decreased secretory response, whereas antibodies to the ribonu-
cleoproteins SS-A/Ro and S3-B/La did not. Similar results were obtained when C37BL/6-
scid mice were used, indicating that it is not the NOD genetic background that predisposes 1o
loss of exocrine function in response to anti-M3 receptor antibodies (55).

A role for apoptosis in the effector phase of sialoadenitis was postulated following the
detection of increased numbers of apoptotic epithelial cells in SMG of 18-week-old NOD and
NOD-scid mice (38). However, in NOD-scid mice a decreased secretory response does not
develop, despite increased numbers of apoptotic cells, arguing against a contribution of apop-
tosis to diminished secretory function. Still, it can be hypothesized that the induction of apop-
tosis results in the activation of proteases that may aberrantly cleave cellular proteins, possi-
bly leading to the generation of cryptic antigens that can activate autoreactive lymphocytes,
and contribute to the continuation of the autoimmune response. Int this regard, it is of interest
to note that generation of 120 kD «-fodrin from 240 kD o-fodrin can be mediated by pro-
teases, activated following induction of apoptosis (36).

Increased gelatinase activity has been demonstrated in saliva and salivary gland
lysates of 20-week-old NOD, NOD B10.H2b, and NOD-scid mice. Messenger RNA expres-
sion of the gelatinases MMP-2 and MMP-9 was elevated in NOD submandibular and parotid
glands when compared with controls (37). Because these enzymes are capable of degrading
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extracellular matrix components, which can lead to epithelial cell death, these enzymes may
also be involved in the effector phase of the autoimmune process. However, treatment of
NOD mice from 7 to 20 weeks of age with a broad spectrum MMP inhibitor did neither stop
nor retard the development of autcimmune exocrinopathy (37).

The NOD mouse as a mouse model for Sjdgren’s syndrome

In the NOD mouse. the development of lymphocytic infilwrates is accompanied by a
concomitant. antibody mediated decreased secretory response. An important role for autoan-
tibodies in the loss of secretory function has been demonstrated in patients with Sjdgren’s
syndrome; therefore. the NOD mouse offers good opportunities to study this part of the
autoimmune reaction in detail. The availability of the NOD-scid mouse enables distinction
between Iymphocyte and non-lymphocyte mediated abnormalities that develop in the
exocrine glands. We hypothesize that intrinsic abnormalities in the salivary gland of the NOD
mouse may. together with defects in the immune system of this mouse strain. lead to the
development of sialoadenitis. Studies on NOD derived mice in which abnormalities in the
SMG or in the immune system are normalized will reveal the importance of both aspects to
the autoimmune response.

MRL/lpr mouse

General features

The MRL/1pr (or MRL/1} mouse was originally described to develop a systemic lupus
erythematosus (SLE)-like syndrome (57). Abnormal lymphoid proliferation was observed
with B cell hyperactivity, the presence of autoantibodies, and circulating immune complex-
es, leading to immune complex glomerulonephritis. A high incidence of synovial and periar-
ticular inflammation was described. which was shown to be similar to human rheurnatoid
arthritis (57. 58). Following the demonstration that destructive mononuclear infiltrates devel-
op in the salivary and lacrimal glands of a high percentage of mice, it was proposed that the
MRL/lpr mouse could serve as a model for Sjégren’s syndrome (58, 59). The incidence of
sialoadenitis in this mouse strain does not differ between male and female mice, in contrast
to lacrimal gland infiltration, which occurs more often in female when compared with male
mice (10). The development of sialoadenitis in the MRL/lpr mounse was not related to the
development of arthritis since the incidence of sialoadenitis in arthritic and non-arthritic mice
was similar (58).

The MRL/lpr mouse is derived from the MRL/MpJ (also MRL/+, or MRL/n) mouse
strain. Both substrains differ only by the presence or absence of the ipr (lymphoproliferation)
mutation. This mutation was mapped to chromosome 19 and involves a mutation of the extra-
cellular domain of the Fas gene (60). Autoimmunity also develops in MRL/n mice. but the
onset of disease manifestations is slower and results in a milder form of disease. indicating
that the [pr mutation accelerates rather than causes disease (61, 62).

Sialoadenitis in the SMG of the MRL/Ipr mouse develops from the age of 2 months
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on, when lymphocytic infilirates are predominantly present around the blood vessels. At 3
months of age, they can be detected around the salivary ducts. Infiltrates also develop in the
parotid and sublingual glands, but appear later and are less pronounced when compared with
the SMG (63). Focal infiltration in the lacrimal gland of the MRL/lpr mouse is detectable
from the age of 1 month on (64). The development of sialoadenitis in MRL/ipr mice was
demonstrated to be polygenic. Some genes were in common with those associated with other
autoimmune disease phenomena in MRL/Ipr mice, whereas others were not (65). In a study
in which the background genes that participate in the development of vasculitis, glomeru-
lonephritis, arthritis and sialoadenitis were examined. different background genes were iden-
tified for each type of lesion. One region on chromosome 10 was associated with sialoadeni-
tis in both male and female mice, whereas a locus on chromosome 4 correlated with the
development of sialoadenitis only in female mice. The region located on chromosome 10 was
close to the region associated with vasculits., suggesting that for these aspects of autoimmune
disease in the MRL/lpr mouse strain. 2 common gene may exist (66). The cellular basis for
the development of sialoadenitis in the MRL/lpr mouse was demonstrated in experiments in
which transfer of mononuclear cells, isolated from the SMG of MRL/1pr mice, to SCID mice
or to 3-week-old MRL/lpr mice resulted in the development of inflammatory lesions in the
SCID mice. and in accelerated and more severe sialoadenitis in the MRL/Ipr mice (67. 68).

Composition of lymphocytic infiltrates

Several studies have demonstrated a predomuinance of CD4* T lymphocytes in the
inflammatory infiltrates in the SMG of the MRL/lpr mouse, to the expense of CD8* T lym-
phocytes and B lymphocytes (63, 69, 70). A similar picture was observed in the lacrimal
gland (71}. The infiltrating T lymphocytes were shown to express a diverse TCR VB reper-
toire, although TCR VB4, V38.1,2 and VB10b were predominantly expressed (72). Treatment
of MRIL/lpr mice for two weeks with a cocktail of antibodies directed to TCR VB4, V88.1.2
and VB10b resulted in amelioration of established sialoadenitis (73}, In vitro. treatment of
mononuclear cells from SMG of MRL/Ipr mice with antibodies to CD4 or VB8, prior to trans-
fer to SCID mice, prevented the development of sialoadenitis in the recipients {67). These
experiments suggest an important contribution of CD4™ T cells, expressing particular TCR
VB genes to the autoimmune process in the salivary glands of the MRL/lpr mouse.

Cytokines

Messenger RINA expression of the cytokines IL-18 and TNF-o in the SMG of the
MRL/lpr mouse was detected at 1 and 2 months of age. whereas IL-6 mRINA expression was
detected from the age of 3 months on. when extensive infiltration of the glands had occurred
{74). Other cytokines that are expressed in the SMG of the MRL/Ipr mouse include IFN-y,
IL-12, and TNF-B (69. 70, 75). It was suggested that early expression of IL-15. TNF-ct. and
IL.-12 could induce IL-6 and IFN-y expression, which may both exert irnportant, but separate
roles in the perpetuation of the autoimmune response. Expression of IL-6 could lead to sum-
ulation of B cells and continued production of (auto)antibodies, whereas IFN-y could induce
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MHC class 11 expression on glandular epithelial ceils, resulting in enhanced presentation of
self-antigens and continuation of the autoimmune response (707, In lacrimal glands of the
MRL/lpr mouse, increased numbers of IL-4 producing cells as compared to IFN-y produc-
ing cells were detected, which contrasts with the SMG, in which no, or a low level of IL-4
expression was found (70, 71. 75).

The involvement of chemokines in the development of autoimmune sizloadenitis in
the MRL/Ipr mouse was suggested following observations of MCP-1, MIP-1B and RANTES
mRNA expression in SMG of 3-month-old MRL/lpr mice, whereas MIP-1c was additional-
Iy expressed at 5 months of age (76). By immunohistochemistry, MCP-1 producing cells were
identified in the vicinity of blood vessels and around lymphocytic infiltrates. The importance
of MCP-1 in the development of antoimmunity in the MRL/lpr mouse was demonstrated
using MCP-1 deficient MRL/Ipr mice. These mice showed increased survival when com-
pared with wild-type mice, with reduced incidence and severity of lymphadenopathy, kidney
and lung pathology, and skin lesions (77). Although the salivary glands were not included in
this study, it can be imagined that MCP-1, the expression of which has been demonstrated in
the SMG of the MRI/lpr mouse (76), also plays an important role in the development of
sialoadenitis in this mouse strain.

Autoantibodies

Serological analysis of MRL/lpr mice revealed the presence of increased IgM and IgG
levels when compared with contrel mice. High levels of antinuclear antibodies (ANA) were
detected, including anti-dsDNA and anti-ssDNA antibodies, as well as antibodies to glyco-
protein gp70, and IgM and IgG rheumatoid factors (61). Autoantibodies to the 52 kD ribonu-
cleoprotein SS-A/Ro were detected in over 30% of MRL/lpr mice at 4-3 months of age.
whereas antibodies to 60 kD SS-A/Ro and to $S-B/La were only present in 6% of MRL/lpr
mice. Anti-52 kD-85-A/Ro producing plasma cells were detected not only in spleen and
lymoph nodes but also in the salivary glands of MRL/Ipr mice (78). In another study. antibod-
" ies directed to $S-B/La were detected in the serum of 30% of male MRI/lpr mice, aged 3-6
months (79). Serum autoantibodies specific for salivary gland tissue homogenates were
exclusively found in MRL/Ipr mice aged 2-3 months, and disappeared thereafter (70).
MRIL/lpr mice, deficient in IFN-y or IL-4 were established to examine the role of these
cytokines in the development of autoimmune disease. Whereas absence of IFN-y resulted in
decreased production of autoantibodies (antinuclear antibedies, anti-dsDNA., anti-snRNPs),
absence of IL-4 only resulted in decreased production of IgG, and IgE. and levels of antoan-
tibodies were not affected. Both in JFN-y and IL-4 deficient mice, sialoadenitis did not devel-
op (80).

Abnormalities in the salivary gland

In contrast to the NOD and the NOD-scid mouse strains, an MRL/Ipr substrain which
is devoid of functional B- and T-lymphocytes does not exist. Therefore, it is difficult to dis-
criminate between non-lymphocyte and lymphocyte mediated aberrances in exocrine glands
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of this mouse strain. However, studies on SMG of pre-diseased MRL/lpr mice (1 month of
age) have revealed elevated expression of IL-15 and TNF-o. mRNA (74). Increased expres-
sion of other cytokines and chemokines, of MHC class I and I1. as well as an altered response
of acinar epithelial cells to stimulation with an ¢, -adrenergic agonist are observed following
the development of sialoadenitis and thus may reflect a glandular abnormality intrinsic to the
SMG. or arise due to the presence of lymphocytic infiltrates.

Defects in the immune system

A major defect in the immune systemn of MRL/lpr mice is the accumulation of double
negative (CD4"CD8", but CD3™) T lymphocytes expressing the B cell marker B220 in
peripheral lymphoid organs. This is not specific for the MRL/Ipr mouse. but can be observed
in other mouse strains bearing the Ipr mutation as well, although in mice without an autoim-
mune background it is not accompanied by the development of autcimmune disease (81, 82).
The double negative T cells are refractory to stimulation with mitogens or antibodies against
the CD3-TCR complex. They do not express IL-2 and IL-2 receptors. and are not able to pro-
liferate following stimulation (83, 84). However, it has been demonstrated that double nega-
tive T lymphocytes of MRL/lpr mice can exert cytolytic activity when stimulated through the
CD3-TCRof complex. or when triggered using antibodies against the adhesion molecules
CD44 or gp9OMEL-14 (853 Evidence for a role of double negative T cells in the
development of autoimmune disease in the MRL/lpr mouse, however, remains to be estab-
lished.

Due to defective Fas expression in the MRL/Ipr mouse, T lymphocytes cannot under-
go Fas-mediated apoptosis. Since this holds true for both autoreactive and non-autoreactive
T lymphocytes, this defect may contribute to acceleration of the autoimmune process in
MRL/lpr mice. Central T cell tolerance does not appear to be affected by the Ipr mutation.
When sufficient TCR activation has taken place as occurs in the thymus, pathways of apop-
tosis that are independent of Fas signaling become dominant (86).

A defect that has been described in the immune system of MRE/ipr and MRI./n mice,
but also in other auioimmune-prone mouse strains, such as the NZB, NZB/W FI, and the
NZW strains, is decreased LPS-induced expression of IL-1¢t and IL-1B by peritoneal
macrophages (87). Dysregulated expression of IL-1 did already fully manifest at birth. and
did not change with time (88). In later studies. defective cytokine production by macrophages
from lupus-prone mice was shown not to be limited to IL-1, but to extend 1o IL-6, H.-12, and
TNF-¢ (89). It was suggested that defective TNF-& production contributes to reduced expres-
sion of IL-I and H.-6. since addition of exogenous TNF-¢¢ reduced this defect (90).
Dysregulated expression of IL-12 was not restored by addition of TNF-&, whereas exogenous
IFN-¥ could restore I.-12 production. This suggests that once a Thl response has started,
propagation of the response is not disturbed (89). Using irradiation chimeras, decreased LPS-
induced IL-1 production was shown to develop independently of the host environment and
thus may reflect an intrinsic macrophage defect (88). When macrophages of lupus-prone
mice, including MRL/+ mice, were culmred in FCS-free medium, LPS-induced cytokine pro-
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duction was normal (91). It was demonstrated that apoptotic cells, opsonized with delipidat-
ed FCS could elicit defective cytokine expression by LPS-stimulated macrophages from
MRL/+ mice. whereas nonopsonized apoptotic cells or delipidated FCS alone could not. This
indicates that interaction of a non-lipid FCS factor with the surface of apoptotic cells creates
a ligand capable of eliciting the defect. In addition, it was shown that the defect extended to
more cytokines than the ones mentioned before, and that LPS-induced expression of GM-
CSF, MIP-15. RANTES. and IL-10 was also affected. Koh er al hypothesized that the basis
of defective cytokine expression resides in a signaling pathway that is triggered upon recog-
nition or uptake of apoptotic cells by macrophages. but which may affect other macrophage
functions as well (91). However. defective cyiokine expression alone is not sufficient for the
development of awtoimmunity since macrophages from mice whose genomes contribute to
the development of SLE. but themselves are not victim of the disease. exhibit the dysregu-
lated cytokine expression to the same extent as mice in which full-blown SLE develops. A
disturbed cytokine profile may however create an imbalance in the regulatory pathways gov-
erning the immune response, resulting in increased susceptibility to the development of an
autoimmzune reaction.

Mechanisms involved in the effector phase of the auroimmune process

Although the development of sialoadenitis in the MRL/Ipr mouse is not accompanied
by a concomitant decreased secretory response. extensive infiltration in the salivary glands
results in destruction of glandular tissue (59). The preservation of normal secretory function
despite the presence of destructive lymphocytic infiltrates may be explained by the fact that
MRL/Tpr mice have a limited life span. usually in the range of 150 days. glomerulonephritis
and renal failure being the most common causes of death (92). Although extensive SMG
infiltration can be observed at 5 months of age. this process probably has not yet progressed
enough to result in loss of secretory function.

The production of nitric oxide radicals has been implied in the development of autoim-
munity in MRL/lpr mice. Enhanced expression of inducible nitric oxide synthase (iNOS) has
been demonstrated in MRL/lpr macrophages, liver, kidney and spleen. Furthermore. elevat-
ed levels of nitric oxide (NO), complexed to hemoglobin were measured in blood of MRL/Ipr
mice, in parallel with the development of autoimmunity. When the production of NO radicals
was inhibited systemically in vivo. the development of glomerulonephritis, arthritis and vas-
culitis was reduced, whereas levels of anti-DINA autoantibodies and glomerular deposition of
immune complexes were not modified (93). Although the effect on sialoadenitis was not
examined. a role of NO radicals in the induction of damage to the salivary and lacrimal glands
can be envisaged.

Increased sensitivity of SMG acinar epithelial cells to o -adrenergic stimulation was
demenstrated in 12-week-old MRL/Ipr mice when compared with young MRL/lpr mice and
MRL/n mice (94). It was suggested that production of IL-18 and/or IL-6 by salivary gland
epithelial cells or by infiltrating lymphocytes could inhibit the release of neurctransmitters in
vivo. This could result in accumulation of second messengers or upregulation of receptor
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expression, and Increased responsiveness iz vitro. a process called denervation supersensi-
tivity. However. although decreased functional activity of acinar epithelial cells may exist in
vive. it does not result in diminished salivary output in MRL/lpr mice.

Although induction of apoptosis via Fas/ FasL is disrapted in MRIL/Ipr mice, apopto-
sis could still be mediated through other pathways. In the thymus of MRL/Ipr mice, similar
numbers of apoptotic cells were detected when compared with MRL/m and BALB/c mice
(95). In the same study. the presence of apoptotic cells in central parts of epimyoepithelial
islands of the SMG was described, demonstrating that apoptosis can occur in the glandular
parenchyma of the MRE/pr mouse. Furthermore, expression of several apoptosis-related
proteins has been described in the salivary and lacrimal glands of the MRL/Ipr mouse (96).
Therefore, a role for apoptosis in the destruction of glandular epithelial cells can not be mled
out.

The MRL/Ipr mouse as a mouse model for Sjdgren’s syndrome

In the MRL/Ipr mouse. the development of sialoadenitis and dacryoadenits is accom-
panied by SLE and arthritis. The development of an additional autoimmune disease has also
occurred in patients with secondary Sjégren’s syndrome, which makes this mouse strain suit-
able for comparison with this subgroup of patients, but does not exclude comparison with pri-
mary Sjégren’s patients. Although an MRL/lpr mouse strain which is devoid of T and B lym-
phocytes does not exist, the process of sialoadenitis development lasts sufficiently long to
study the salivary glands both prior to and following the develepment of lymphocytic infil-
trates.

Different features of Sjdgren’s syndrome in MRL/lpr mice, NOD mice and humans are
summearized in Table 1. From this table it can be concluded that MRL/lpr and NOD mice
share specific disease characteristics with Sjégren’s syndrome as it develops in humans. In
the MRL/lpr mouse model, the development of sialcadenitis and dacryoadenitis is associated
with systemic autoimmune phenomena and is not accompanied by decreased exocrine secre-
tion. The NOD mouse, on the other hand, exhibits characteristics of organ specific autoim-
munity, and autoantibodies are thought to mediate decreased production of saliva and tears.
In addition to the differences observed in the effector phase of the autoimmune reaction, the
origin of the event(s). leading to the initation of the autoimmune reaction may differ between
the two mouse models. although this is still hypothetical.

NZEB/W F1 mouse

F1 female hybrids of New Zealand Black and New Zealand White (NZB/W F1) mice
spontaneously develop lymphocytic infiltrates in the salivary and lacrimal glands in addition
to hypergammaglobulinemia, autoantibodies and immune-complex mediated glomeru-
lonephritis (97, 98). The lesions in the salivary and lacrimal glands can be observed from 4
months of age on, and are more severe in fernale than in male mice. In NZB mice, lympho-
cytic infiltration in the salivary and lacrimal glands wag also described. less extensive than in
NZB/W F1 mice. whereas NZW mice did not show signs of sialoadenitis or dacryoadenitis
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Table 1. Features of Sjogren’s syndrome in NOD mice, MRL/Ipr mice and humans

NOD mouse MRL/lpr mouse Humans
Sex distribution sialoadenitis F > M sialoadenitis F= M F>M
dacryoadenitis M > F dacrycadenitis F > M
Involvement of other organs pancreas kidney kidney
thyroid gland joints bladder
Lidney blood vessels stomach
large intestine liver
muscle pancreas
nervous tissue thyroid gland
respiratory system
heart

blood vessels
neural tissue

Composition of lymphocytic SMG: CD4* T cells > SMG: CD4* Tcells >  minor salivary glands:
infiltrates CD8* T cells » B cells CD8™* T cells, B cells CD4+ T cells > CD§T
T cells
T cells > B cells

Autoantibodies anti-thyroid Ab anti-ss DNA Ab anti-58-A/Ro 52 kD
Ab to B-cell antigens anti~-ds DNA Ab anti-SS-A/Ro 60 kD
(anti-88-A/Ro 52 kD) anti-gp70 Ab anti-3S-B/La

anti-120 kDD ¢-fodrin Ab  rheumatoid factor (RF} RF

anti-8 adrenergic R Ab anti-SS-A/Ro 52 kD anti-120 XD c-fodrin Ab

anti-M3 muscarinic R Ab  {anti-S$-A/Ro 60 kD)  anti-M3 muscarinic R Ab
anti-S8-B/La anti-M1 muscarinic R Ab

Loss of secretory function yes ne yes

{98). Lymphocytic infiltrates in the SMG predominantly contained CD4* T cells, while
CDE* T cells and B lymphocytes were also detected (99).

Cellular immune functions of NZB/W F1 mice decreased with age. a phenomenon that
developed concurrently with autoimmunity in this mouse strain, and which was not observed
in control mice. It was suggested that decreased immune function may preferentially affect
cells that normally suppress imumune responses to a variety of antigens, perhaps including
autoantigens. and in this way contribute to the development of autoimmunity (100).
Macrophages from NZW mice show underexpression of IL-1 when stimulated with LPS, to
a similar degree as macrophages from MRL/Ipr mice (87). The fact that NZW mice are phe-
notypicaily normal indicates that I.-] underexpression alone is not sufficient to result in the
development of autcimmune disease in this mouse strain.

The effect of dietary calorie restriction on the development of sialoadenitis NZB/W F1
mice has been studied. Although no significant effects were observed in 3.5-month-old mice.
the inflammatory process in the SMG of 8.5-month-old mice was significantly reduced as
compared with mice, fed ad libitum (101). Calorie restriction was accompanied with
increased levels of TGF-81 mRNA, whereas IL-6 mRNA and TNF-ot mRNA were signifi-
cantly increased in ad libitum fed NZB/W mice. It was suggested that increased expression
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of TGF-81 could lead to decreased recruitment to and immunosuppression of inflammatory
mononuclear cells in the salivary glands. However, the mechanism responsible for increased
TGF-B1 expression in calorie restricted mice was not revealed.

In conclusion, autoimmune phenomena developing in NZB/W F1 mice, may be com-
parable to MRL/n and MRL/lpr mice, although in MRL/n mice disease progression (espe-
cially glomerulonephritis) is less severe and results in lower mortality when compared with
NZB/W F1 and MRL/Ipr mice. Observartons in NZB/W mice can be compared with the NZB
and NZW parental strains, in order to assess the factors that contribute to the development of
autolmmune disease in this mouse model. Comparison of NZB/W F1 mice and NZB mice on
the one hand with NZW mice on the other hand may provide clues to events that play a role
in the initiation of sialoadenitis in this mouse strain. Factors which differ between NZB and
NZB/W F1 mice may account for the perpetuation of the autoimmune reaction in NZB/W F1
mice.

TGE-81 knockout mouse

Targeted disruption of the gene coding for the immunomodulatory cytokine TGF-81
resulted in the establishment of a mouse strain that shows no gross developmental abnormal-
ities. but die by three weeks of age. Cause of death is severe wasting syndrome, with inflam-
matery cell infiltration in multiple organs. including the heart. lung, pancreas, and salivary
glands (102, 103). The infiltrates in the salivary glands were shown to be periductal, pre-
dominantly containing CD4* T lymphocytes (104). Early accumulation of lymphocytes
around ducts in the SMG can be observed at 1 week of age. The development of lymphocyt-
ic infiltrates resuited in disruption of salivary gland architecture. Acinar epithelial cells in the
vicinity of tymphocytic infiltrates were atrophic and produced less mucin when compared
with non affected acinar cells (105). In addition to the salivary glands, the lacrimal glands
were severely affected, with crusty deposits developing around the eyes. Lesions in the
lacrimal glands were composed of T cells, B celis and limited numbers of macrophages (106).
In the sera of TGF-B1 knockout mice autoantibodies directed to dsDINA, ssDNA, and Sm
ribonocleoprotein were detected. whereas antibodies to SS5-A/Ro. S§-B/La. and rheumatoid
factor were absent. The presence of these autoantibodies led to the deposition of immune
complexes in the glomeruli as well as in the parenchyma of the SMG (105, 107).

Increased expression of IL-18 and TNF-oc mRINA was observed in the SMG of TGF-
B1 knockout mice when compared with controls. whereas IL-6 mRNA was exclusively
expressed in glands of knockout mice (103). Other cytokines that were highly expressed in
the salivary gland include IL-lce. TL-2, IL-4, I1.-10, and IFN-v (104). Adhesion molecules
were suggested to play an essential role in the development of sialoadenitis and lacrimal
gland pathology in this model. since administration of synthetic fibronectin peptides could
block the development of lymphocytic infiltrates and accompanying changes in glandular
physiology (103, 100). A decreased stimulated saliva production can be observed in TGF-51
knockout mice, from 18 days of age on. This was suggested to affect the nutritional state of
the mice. ultimately contributing to the wasting syndrome. Indeed. when the mice were sup-
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plied with liquid diet. the survival was almost twice as long as when regular chow was given
{105).

In TGF-B1/MHC class II double knockout mice, the development of inflammatory
lesions in the salivary glands, heart, lung, and liver, as well as the production of autoanti-
bodies to dsDNA. ssDNA and Sm ribonucleoprotein does not occur (104, 108). This demon-
strates the dependence on MHC class IT antigens for the expression of the antoimmune phe-
notype in TGEF-81 deficient mice. A mechanism. explaining the development of autoimmu-
nity in this mouse strain was proposed. involving the presence of continuously activated T
lymphecytes that undergo adhesion molecule mediated transmigration through endothelium.
In the tissues, MHEC class I is highly expressed in cells that can function as nonprofessional
antigen presenting cells. This may lead to clonal expansion and proliferation of T lympho-
cytes. continued upregulation of adhesion molecules and MHC class I molecules, and aggra-
vation of the inflammatory process in the organs which are affected by the autoimmune
process (104). In minor salivary glands of patients with Sjdgren’s syndrome, expression of
TGF-B negatively correlated with severity of sialoadenitis (29). and similar mechanisms may
play a role in the perpetnation of sialoadenitis in humans. In patients with Sjogren’s syn-
drome. salivary gland epithelial cells, expressing high levels of HLA-DR molecules, have
been suggested to actively participate in the development of sialoadenitis (109. 110). Since
avtoimmunity in TGF-81 deficient mice has been shown to rely on the expression of MHC
class II molecules (104, 108). it would be of interest to specifically target MHC class I mol-
ecules on antigen presenting cells or on salivary gland epithelial cells. 10 assess the contribu-
tion of both types of cells to the development of sialoadenitis. However. the fast course of the
autoimmune phenomena. leading to early death, complicates studies on the salivary glands in
pre-diseased mice, as well as studies on perpetuation of the autoimmune response.

3d-Tx NFS/sld mouse

A spontaneous autosomal recessive mutation in the nonautoimmune NFS/N mouse,
affecting the differentiation of the sublingual gland. resulted in the establishment of the
NFS/sld mouse strain (111). Whereas no abnormalities were found in the parotid and SMG
of NFS/sld mice, thymectomy at 3 days of age {3d-Tx NFS/sld) resulted in the development
of severe inflammatory lesions in the submandibular, parotid. and lacrimal glands from the
age of 4 weeks on. but not in the sublingual gland {112). The infiltrates in the salivary glands
were periductal, aggravated with increasing age. and led to destruction of parenchymal tis-
sue. The highest incidence of sialoadenitis and dacryoadenitis was observed in female mice.
The development of lymphocytic infiltrates (mainly CD4% T lymphocytes. with smaller
numbers of CD8* T cells and B cells} was accompanied by the presence of serum autoanti-
bodies directed to salivary duct epithelial cells (112). At 4 weeks of age. cells present within
the inflammatory infiltrates expressed IL-2. IFN-y. TNF-o., and sometimes IL-10, whereas
IL.-6 positive cells were detected at 12 weeks of age. In SMG of 3-week-old mice with few
infiltrating cells, mRINA expression of IL-18. TNF-¢, IL-2, IFN-y, 1L-10 and IL-12 was
found. Local upregulation of cytokine and adhesion molecule expression was suggested to
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play a role in the initiation of the autoimmune reaction in this mouse mode] {113).

Between 1 and 3 weeks of age. a unique CD4* T cell subset expressing low levels of
CD28 was detected in the gpleen of 3d-Tx NFS/sld mice, which disappeared following dis-
ease onset. These cells expressed regulatory cytokines (IL-4. IL-10, and TGF-8). and trans-
fer of this T cell subset was shown to ameliorate the development of autoimmune lesions in
the salivary and lacrimal glands. Disappearance of CD4+CD28% T cells following disease
onset may be due to release of autoantigen and activation of these cells, resulting in upregu-
lation of CD28 expression (114).

The 3d-Tx NFS/sld mouse model for Sjogren’s syndrome is especially interesting
since it was used in the identification of 120 kD o-fodrin as an antoantigen in Sjdgren’s syn-
drome (33). This autoantigen was purified from salivary glands of 3d-Tx NES/sld mice, and
sera of these mice contained autoantibodies directed to 120 kD o-fodrin, In addition, splenic
T lymphocytes showed a proliferative response to the protein. Intravenous injection of a
recombinant protein, matching the aminoterminal portion of ¢-fodrin, was able to inhibit the
development of sialoadenitis in this mouse model. demonstrating the involvement of this
cytoskeletal protein in the initiation of sialoadenitis. The mechanism. responsible for the gen-
eration of 120 kD o-fodrin, was suggested to be apoptosis. resulting in activation of proteas-
es and cleavage of the 240 kD form of the protein (33).

When aged {18-20 months old) 3d-Tx NFS/sld mice were compared with younger
mice (2-4 months old}, a decreased secretory response of the salivary and lacrimal glands was
observed. An increased number of apoptotic epithelial duct cells as well as an increased pro-
portion of Fas expressing cells was detected in the salivary glands of aged mice, whereas
FasL expression on infiltrating CD4* T lymphocytes did not change with age. High numbers
of apoptotic cells in glands of aged mice correlated with augmented levels of 120 kD -fodrin
in the salivary glands as well as with a rise in autcantibody produoction against this antigen
(115).

The necessity of costimulation in the development of sialoadenitis was also studied
using 3d-Tx NFS/sld mice. Although blockage of CD80 mediated co-stimulation of T lym-
phocytes resulted in a non-significant reduction in inflammatory lesions. administration of
anti-CD86 monoclonal antibodies resulted in a significant suppression of autoimmune phe-
nomena in both the salivary and lacrimal glands. This was associated with a shift towards a
Th2 profile of splenic T lymphocytes, decreased proliferative response of splenic cells to 120
kD o-fodrin, and decreased serum levels of autpoantibodies to 120 kD ¢-fodrin (116).

The possible involvement of 120 kD o-fodrin both in the pathogenesis of sialoadeni-
tis and dacryoadenitis in this mouse strain and in the development of Sjdgren’s syndrome in
humans may provide an important clue for the mechanism through which apoptosis con-
tributes to the pathogenesis of Sjogren’s syndrome. This mechanism would involve the acti-
vation of proteases following induction of apoptosis. which can subsequently cleave cellular
proteins, resulting in the generation of neocantigens which can play a role in the initiation or
perpetuation of the autoimmune reaction. Since this is based on circumstantial evidence. it
needs to be confirmed by additional experiments. The 3d-Tx NFS/sld mouse is especiaily
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suited to examine this mechanism in detail.

IQL/Jic mouse

TQUJic mice, established from ICR mice, were only recently described as a mouse
model for Sjigren’s syndrome (117). Sialoadenitis develops in the submandibular and parotid
glands of this mouse strain, in addition to dacryoadenitis. In SMG of female mice below 6
months of age. only slight lesions are present, while extensive infiltrates and destruction of
acinar tissue was detected from the age of 9 months on. In male mice, only slight and stable
lesions develop, the incidence of which increases with age. The main lymphoid cells in small
foci are CD4™ T lymphocytes. whereas in large foci mainly B cells are present, followed by
CD4* T lymphocytes. Few CD8* T lymphocytes as well as some macrophages were detect-
ed. At 15 months of age, 33% of female mice exhibited antinuclear antibodies. but no anti-
S5S-A/Ro, anti-SS-B/La, or anti-salivary gland antibodies were detected (117).

The development of sialoadenitis and dacryoadenitis in IQI/Jic mice occurs at a rela-
tvely high age. On the one hand. this results in the IQI/Jic strain being economically unat-
tractive for extensive studies on the pathogenesis of Sjogren’s syndrome. while on the other
hand it is a wnique feature for this mouse strain very much resembling the development of
Sjbgren’s syndrome in humans.

Aly/aly mouse

A spontaneous autosomal recessive mutation in mice. leading to absence of peripher-
al Iymph nodes. Peyer’s patches. and disrupted architecture of spleen and thymus originatly
occurred in the C57BL/6J mouse strain. The mutation was maintained in a hybrid strain
derived from C57BL/6IXAEJ/GnRk mice (118). The alymphoplasia (aly) mutation was
recently mapped to the gene. coding for NF-xB-inducing kinase (Nik), giving rise to an
amino acid substitution in the C-terminal region of Nik (119). Homozygotes for the aly muta-
tion were deficient in both humoral and cellular immune fanctions, as demonstrated by
severely depressed levels of serum IgA, IgG, and IgM. and the inability to reject histoin-
compatible skin allografts. B cell maturation in the bone marrow as well as B cell function in
the periphery were reduced, whereas splenic T cells produced 50% less 1L-2 following anti-
CD3 stimulation when compared with T cells derived from aly/+ mice {12(). Furthermore,
aly/aly lymphocytes have a defect in their migratory capacity in vive, and their in virro
chemotactic responses to secondary lymphoid tissue chemokine (SLC) and B lymphocyte
chemoattractant (BLC) are impaired. This was shown to be due to defective signal transduc- '
tion downstream of receptor ligation (121).

From 14 weeks of age on, lymphocytic infiltrates, almost exclusively composed of
CD4* T Iymphocytes, can be detected in multiple organs of male and female afy/aly mice,
(including the salivary and lacrimal glands, and the exocrine pancreas, In the lacrimal gland
and the pancreas, the development of inflammatory lesions was accompanied with damage to
glandular tissue. Autoantibodies to exocrine organs or nuclear components were not detect-
ed in this mouse strain (122). Analysis of TCR VB usage of salivary gland infiltrating Iym-
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phocytes reveaied predominant expression of TCR VB1 and VB85 at 15 weeks of age, while
expansion of TCR VB usage was observed therafter (123).

Since mononuclear cell infiltration was occasionally observed in the lung and kidney,
in addition to the exocrine glands, the aly/aly mouse was suggested to serve as a good model
for Sjbégren’s syndrome, in which pneurnonitis, pancreatitis and interstitial nephritis can
develop as well (124). However, the widespread immunological abnormalities., present in this
mouse strain due to the afy mutation complicate extrapolation of possible mechanisms lead-
ing to the development of sialoadenitis to humans.

Murine transplantation chimeras (GVHD)

Sialoadenitis in murine transplantation chimeras does not develop in one particular
mouse strain. Instead it involves the development of autoimmune disease accompanying
chronic graft-vs-host disease (GVHD) in non-irradiated hybrid mice, transplanted with
parental spleen cells. In most of these mice, Tupus-like disease develops and the presence of
anti-nuclear antibodies and anti-dsDNA autoantibodies of IgG, IeM. and IgA isotypes can be
detected (125, 126). Severity and time of onset of disease vary, depending on the strains used
for the generation of the hybrid. and on the donor mouse strain. In (C57BL/6XDBA/2) F1
nuice that received spleen cells from DBA/2 mice, a destructive type of sialoadenitis devel-
ops. Epithelial cells in close proximity to lymphocytes appear damaged and display features
of cell degeneration. CD4* T lymphocytes were shown to be the main component of the
inflamamatory infiltrates. while CD8™ T cells, few B cells, and macrophages were also pres-
ent (125). In (DBA/2XC3H) Fl recipients of DBA/2 spleen cells, a non-destructive
exocrinopathy developed with similar incidence in male and female mice (126).
(BALB/cxCBA/H-T6) F1 hybnids that received BALB/c splenic cells did not show typical
symptoms of GVEHD, but a transient reaction could not be excluded. Sjogren’s-like glandular
changes developed in this model in the absence of clinical symptoms of SLE, although serum
anti-nuclear and anti-dsDNA autoantibodies did occur (127}.

It was suggested that autoimmune phenomena in these murine transplantation
chimeras are initiated by immune responses of alloreactive donor helper T cells to MHC class
I on F1 B cells, leading to polyclonal B cell activation and production of autoantibodies
(125). The vse of transpiantation chimeras in combination with gene knockout or transgenic
mice as parental or donor strain. offers the opportunity to study the contribution of separate
genes to the development of autoimmunity in this model. an approach that has been used by
several groups (128, 129).

Sjogren’s-like disease also develops in a significant percentage of patients suffering
from chronic GVHD following bone marrow transplantation (130). Comparison of minor
salivary glands from these patients with glands from patients with Sjogren’s syndrome
revealed that refative contributions of different lymphocyte subsets to the infiltrates and
expression of HLA-DR and adhesion molecules were different among the two groups (131).
This indicates that the pathogenesis of Sjdgren’s-like disease may be very different from
Sjégren’s syndrome. With this in mind, transplantation chimeras may better serve as a model
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for Sjogren’s-like disease accompanying GVHD instead of being used as a model for
Sjbgren’s syndrome.

In Table 2, an overview of characteristics of sialoadenitis is given for mouse models
for Sjogren’s syndrome which are less often studied for this purpose than the NOD and
MRL/Apr mice. From this table it is clear that the onset of disease varies considerably among
the different mouse strains. Furthermore, the secretory function. an important hallmark of the
disease, has so far not been studied in a significant number of models.

Concluding remarks

A nuamber of mouse strains can be used to study the pathogenesis of Sjdgren’s syn-
drome. The perfect mouse model in which all disease manifestations can be studied, does not
exist. Instead, each of the mouse models exhibits model specific characteristics that can be
compared with a subgroup or with the majority of patients. and which can be exploited to
study a particular aspect of the pathogenesis. Therefore. the choice of the mouse model(s)
should be related to the particular aspect of the disease and on the phase of the pathogenetic
process to be studied. Farthermore. the use of different mouse strains enables investigators to
get insight into different pathogenetic mechanisms important in the initiation or in the effec-
tor phase of the autoimmune disease.
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Table 2. Characteristics of mouse models for Sjogren’s syndrome*

NZB/W FI mouse TGFE-B1 knockout

mouse
Age 4 moenths I week (death by
3 weeks)
Sex distribution F>M nd.
Composition of mainly CD4% mainly CDd4+
lymphocytic T cells T cells
infiltrates in SMG
Loss of secretory n.d. yes

function

3d-Tx NFS/sld
niouse

4 weeks

F>M

mainty CD4"
T cells

yes, 18-20 month
old mice

QUlJic mouse

6-9 months

F>M

small foci:

mainly CD4*

T cells, large

foci mainly B cells

.

Aly/aly mouse

14 weeks

F=M

mainly CD4+
T cells

n.d.

Murine trans-
plantation
chimeras

varics,
depending on
the strains
used

F=M
varies,
depending on

the strains
used

n.d.

*1 Characteristics of NOD and MRL/lpr mice arc summarized in table 1.
n.d.: not determined.
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Aim and outline

Aim and outline of the studies

The cause of an excessive autoimmune reaction resulting in an autoimmune disease is
most likely multifactorial, involving disturbances in the immune system and in the organ(s)
to which the reaction is directed. In patients with Sjdgren’s syndrome. autoimmune phenom-
ena have been described in epithelial compartments of the salivary and lacrimal glands as
well as of other exocrine organs. It has been suggested that the primary affected tissue in
Sj6gren’s syndrome is the glandular epithelium. The epithelial cells of the exocrine glands
were even proposed to have an active role in the development of Sjégren’s syndrome. As out-
lined in chapter 1.2, studies in the NOD and NOD-scid mouse models for Sjdgren’s syndrome
suggest the existence genetically programmed abnormalities in the salivary glands. The pur-
pose of the studies described in this thesis was to increase insight into the role of the cellular
constituents of the salivary glands in the initiation of the autoimmune reaction. leading to the
development of Sjogren’s syndrome. These studies were mainly performed in mouse models
for Sjdgren’s syndrome, in which the salivary glands can be studied in detail from birth
onwards unti} the autoimmune process has fully developed. In addition, human labial MSG
were studied. However, as these MSG were mainly collected from patients suspected of hav-
ing Sjdgren’s syndrome, the initiation phase of the autoimmune reaction could not be studied
in these samples.

In chapter 2, the histopathological development of sialoadenitis in two different mouse
models for Sjégren’s syndrome, the NOD and the MRL/lpr mouse, are described and com-
pared. In addition, the presence of dendritic cells before and after the development of the lym-
phocytic infilrates was examined. Emphasis was put on the dendritic cells as these cells are
the most potent antigen presenting cells, capable of activating naive T lymphocytes. It has
been postulated that these cells play a central role in the early phase of several autoimmune
diseases.

Studies on the presence of leukocytes in MSG of patients with Sjogren’s syndrome
have mainly focussed on the presence of lymphocyte subsets in the focal infiltrates, whereas
the presence of professional antigen presenting cells. such as dendritic cells and macrophages
has received little attention. We studied the presence of subsets of dendritic cells and
macrophages 1n labial MSG of patients with Sjogren’s syndrome, controls, and patients with
focal Iymphocytic sialoadenitis (FLS) or keratoconjunctivitis sicca (KCS). The latter two
patient groups fulfilled either the oral or the ocular hallmarks of Sjdgren’s syndrome. The
objective of this study. which is described in chapter 3. was to examine if dendritic cells or
macrophages form a component of the non-diseased and diseased salivary glands. and con-
sequently could be involved in the initiation or perpetuation of the autoimmune disease. In
addition, we examined if the diffuse presence of these cells in diseased MSG could be of help
in the histopathological diagnosis of Sjdgren’s syndrome.

Apoptosis is mainly regarded as a mechanism of cell death, not inducing an immune
response. Nevertheless, evidence is accumulating suggesting that enzymes. activated follow-
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ing induction of apoptosis, may cleave cellular proteins, resulting in the generation of cryp-
tic autoantigens and in the initiation of an antoimmune response. Furthermore, apoptosis can
lead to the release of antigens normally present within the cell, which may trigger the autoim-
mune reaction. For this reason, we also examined the presence of apoptotic cells in sub-
mandibular glands of NOD and NOD-scid mice prior to the development of sialoadenitis.
Because apoptosis has been suggested to induce cell damage in the effector phase of antoim-
mune diseases. including Sjégren’s syndrome, numbers of apoptotic cells were also studied
in submandibuiar glands of NOD mice following the development of lymphocytic infiltrates.
Furthermore, the expression of the apoptosis related proteins Fas, FasL.. and bel-2 was inves-
tigated. The results of these experiments are described in chapter 4.

The objective of the studies described in chapter 5 was to examine if abnormalities
occur in the SMG of neonatal NOD and NOD-scid mice with regard to glandular morpholo-
gv. expression of extracellular matrix degrading enzymes. and of extracellular matrix com-
ponents. Because glandular morphology and morphodifferentiation occurring early in life are
influenced by apoptosis of epithelial cells. this process, and the expression of Fas. FasL and
bcl-2 were studied as well. Furthermore, the effect of the diabetes susceptibility loci Idd3 and
Idd5, which have been shown to influence the development of sialoadenitis, was examined
on morphologic differentiation and expression of extracellular matrix components and extra-
cellular matrix degrading enzymes.

Although originally identified as factors produced by lymphocytes and other leuko-
cytes, cytokines and chemokines can atso be produced by epithelial cells. Aberrant epithelial
expression of these factors could result in the attraction and activation of leukocytes, among
which professional antigen presenting cells. These may, after uptake of salivary gland derived
antigen, travel to the draining lymph node, and activate antoreactive lymphocytes. For this
reason, the expression of proinflammatory cytokines as well as chemokines was studied in
SMG of NOD and NOD-scid mice hefore and after the onset of sialoadenitis. The
development of lymphocytic infiltrates is likely to influence the expression of chemotactic
factors, which may subsequently result in the attraction of additional leukocytes. For this rea-
son, submandibular glands in which lymphocytic infiltrates had developed were also includ-
ed. These experiments are described in chapter 6.

In chapter 7. the implications of the results as well as suggestions for future studies are
discussed.
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Two rvpes of sialoadenitis in two mouse strains

Abstract

Sjogren’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 discase. Antigen presenting cells (APC) such as dendritic
cells (DC) can play 2 role in the initiation of autoimmunity. To date, no data on the presence
of DC in Sjderen’s syndrome are available.

Several mouse strains, the nonobese diabetic (NOD) and the MRL/Apr mouse, can be
used as models for Sjogren’s syndrome. We compared the development of sialoadenitis in
submandibular glands (SMG) of NOD and MRL/lpr mice with particular focus on the pres-
ence 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 immunodeficiency (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 MRI/lpr mice, which sug-
gests that DC play a role in the initiation of sialoadenitis in NOD mice. In the SMG of NCD
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 in
time.

In conclusion, two types of sialoadenitis are described in two mouse models for
Sjdgren’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 infil-
trates. It is possible that different types of sialoadenitis also exist in humans and that the
pathogenetic process in both the ecarly and late phases of the autoimmune reaction differs
among patients.

Introduction

Sjégren’s syndrome is a systemic autoimmune disease 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 (1). A combination of immunologic, genetic,
hormonal, and possibly also viral factors play a role in the development of this multifactori-
al disease. but little is known about the early stages of Sjogren’s syndrome that lead to the
initiation of the autoimmune process (2. 3).

Several mouse models are used to study the pathogenesis of Sjbgren’s syndrome. Two
of those models, the nonobese diabetic (NOD) mouse and the MRL/lpr mouse, are widely
accepted (4-6). In both mouse strains, perivascular and periductal lymphocytic infiltrates in
the salivary and lacrimal glands are histologic hallmarks of the disease. In NOD mice (not in
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MRL/lpr mice) the development of focal lymphocytic infiltrates in the salivary glands
(sialoadenitis) is accompanied by a corresponding loss of the secretory function and changes
in the protein composition of the saliva (6, 7). These changes in protein composition have
also been observed in NOD-SCID {severe combined immunodeficiency) mice (8). The NOD-
SCID mouse is devoid of functional T lymphocytes and B lymphocytes because of a homozy-
gosity in the SCID mutation (9). Hence the salivary gland abnormalities in this mouse strain
must be considered as the cause rather than a consequence of the focal lymphocytic infiltra-
tion. In MRL/lpr mice, the systemic autoimmune 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 autoreactive lymphocytes to be deleted by means of apoptosis and causes an
accumulation of these lymphocytes in the periphery (10. 11).

With regard to the composition of the inflammatory infiltrates in the salivary glands
of NOD mice. MRL/Ipr mice. and patients with Sjdgren’s syndrome, attention has been
focussed on the presence of various subsets of T cells and B cells. Most infiltrating lympho-
cytes are TCRof+. CD4+ T cells. whereas CD8™ T cells and B cells are fewer in number
{12-14). The development of sialoadenitis in the NOD- and the MRL/lpr mouse models for
Sjbgren’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 I and costim-
ulatory molecuales. Mature DC are the most potent regulators of the immune respense (15,
16). Information on the topographic 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 hematopo-
etic origin that infiltrate the target organ (17-21). 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 thas study. immunohistochemical techniques were nsed to examine the development
of sialoadenitis, particularly with respect to the topographic distribution of CD1le* DC and
BMS8* macrophages and the composition of the lymphocytic infiltrates. in the submandibu-
lar glands (SMG} of NOD mice and MRL/Ipr mice from 2 to 20 weeks of age.

Materials and methods

Mice and experimental design

Female NOD, NOD-scid. C57BL/10 and BALB/c mice were bred in our own facili-
ties under specific pathogen-free conditions. Female MRI/Ipr mice were purchased from
Jackson Laboratories (Bar Harbor, ME). Mice (n = 4-8 mice/age/strain) were fed standard
pellets and water ad [ibitum and maintained at 22 +/- 1°C on a 12h light / 12h dark cycle.
Under these conditions the incidence of diabetes in NOD mice at 30 weeks of age was 90%
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in females and 30% in males.

Tissue preparation

At the age of 1-6. 8. 10. 15 and 20 weeks. the mice were killed by asphyxiation with
carbon dioxide. The SMG were removed, embedded in Tissue-tek (Sakura Finetek, Torrance.
CA) and snap-frozen in liquid nitrogen. Tissues were stored at -80°C.

Immunohistechemistry

Before sectioning, microscopic slides were treated with 95% ethanol/ 5% diethylether
solution for 10 minutes, and coated with a solution of (.1% gelatine with 0.01% chromiu-
malurm in distilled water. Thereafter. 6 um sections of the frozen tissue specimens were cut,
and fixed for two minutes. For this fixation. 0.4 g of parargsanilin (Sigma. St.Louis, MO) was
dissolved in 10 ml of 2 M HCI by gently heating to 37°C for 4 h: this was subsequently fil-
tered and stored at 4°C. Of this stock solution, 500 p was incubated with 4% NaNO, for 1
minute. This was then added to 165 ml of distilled water in which the slides were fixed.
Following the fixation, the slides were rinsed in phosphate-buffered saline (PBS) (pH 7.8)
/Mween (0.1 %), after which they were incubated for one hour with the monoclonal antibody
N41§ (36). KT3 (37). B220 (38) or BMS (39). Except for BMS (BMA, Biomedical AG,
Augst, Switzerland). all monoclonal antibodies were hybridoma culture supernatants reacting
with DC, total T cells, and B celis. respectively. As a negative control for these antibodies,
the culture supernatant of cell line Y3. the fusion partner which was used for the generation
of the hybridoma cell line was used. BMS, reacting with mature macrophages, was diluted
140 in PBS/Tween. After the incubation period, the slides were washed with PBS/Tween.
and incubated for 40 minutes with as second antibody a horseradish peroxidase (HRP}-con-
Jjugated goat anti-armenian hamster IgG in case N418 was used as primary antibody (Jackson,
ImmunoResearch Laboratories, West Grove, PA). This antibody was diluted 1:1G0 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 min-
utes with HRP-conjugated rabbit anti-rat IgG (DAKO, Glostrup, Denmark) as second anti-
body. Also this antibody was diluted 1:100 in PBS/Tween to which 2% normal mouse serum
was added. After washing in PBS/Tween. the peroxidase label was developed by exposure to
0.10% (wt/vol) di-amino-benzidine (DAB) in acetate buffer (pH 6.0) containing 1% NiSO,,
(wt/vol) and 0.02% H,O, for 3 minutes. The slides were washed in PBS/Tween, counter-
stained by nuclear fast red (0.1% (wt/vol) solution in water, containing 5% (wt/vol)
Al,(50,),), dehydrated by an ethanol/xylene series and embedded with Depex mounting
medinum (BDH. Poole, England).

Image analysis

For quantitative analysis of sections the VIDAS-RT image analysis system {(Kontron
Elektrorzk GrubH/Carl Zeiss, Weesp, The Netherlands) was used. All sections were analyzed
by two independent individuals. Enumeration of cells expressing the N418 cell surface mark-
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er 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 pm~. After image capture, background color was excluded by
image thresholding, after which the diaminobenzidine reaction product was quantified.
Results were expressed as the mean number of positive pixels per area. The percentage of the
total area of the lymphocytic 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 diaminobenzidine positive pixels with-
in the inflammatory infiltrate was quantified. This vaiue was divided by the total arez of the
lymphocytic infiltrate (in pixels) to determine a percentage of the area of the infiltrates that
stained positive for one of the lymphocytic markers. The number of infittrates analyzed with-
in each gland varied from 1 to &. depending on how many infiltrates were present. If more
than § infiltrates were present. the infiltrates to be analyzed were randomly chosen.

Microscopic analysis of levels of T lymphocytes present in SMG of NOD and
MRUL/ipr mice was performed by counting the numbers of KT3* cells in 2 to 4 areas of 10
mm? glandular tissue per mouse. Five mice per age group in both mouse strains were evalu-
ated.

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.

Results

Development of focal lymphocytic infiltrates in the submandibular glands of NOD mice
and MRL/Ipr mice

When sections of the submandibular glands (SMG) of 5-week-old NOD mice and
MRL/tpr mice were compared, focal lymphocytic infilirates were already present in SMG of
6 of 8 MRL/lpr mice. These infiltrates were demarcated areas of lymphocytes that had not
infiltrated the surrounding parenchyma. In NOD mice, focal demarcated tymphocytic infil-
trates 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/Ipr mouse (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.
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Figure 1

Immunohistochemical detection of leucocyte subsets in serial sections of lymphocytic infiltrates in a sub-
mandibular gland (SMG) of a 20-week-old nonobese diabetic (NOD) mouse and a 20-week-old MRL/ipr
mouse, respectively. A to I, 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. CD11c* dendritic cells identified by the MoAb
N41§. D and H. BM8™ macrophages (x 200).
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Structure of the focal lymphocytic infiltrates in the SMG of NOD mice and MRL/lpr
mice during the deveJopment of sialoadenitis

The focal lymphocytic infiltrates in the SMG of 5-week-o0ld MRL/Ipr mice showed a
certain degree of structure, with separate T-cell and B-cell areas (Fig. 2. A and B). This struc-
ture had vanished in MRE/lpr mice aged 20 weeks. and distinct T-cell and B-ceil areas could
no longer be identified (Fig. i, 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 development of focal lymphocytic infiltrates was different from that in MRL/lpr
mice. At 10 weeks, when focal lymphocytic 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 distin-
suished, while packed T celis were present in an area in which B celis were largely absent. T
cells were also present as scattered cells in the B-cell area.

With regard to the presence of CD1lc* DC in the focal lymphocytic infiltrates. the
density of CD11c* 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/Ipr mice, DC were distributed throughout the whole
lymphocytic infiltrate (Fig. 1G). BM8* macrophages were detected in the SMG of NOD and

Figure 2
Immunohistochemical detection of leucocyte subsets in serial sections of a lymphocytic infiltrate showing
some degree of organizarion in the SMG of a 3-week-0ld MRL/pr mouse. A, T cells identified by the MoAb

KT3. B. B cells identified by the MoAb B220. C. CD11c* dendritic cells identified by the MoAb N418. D.
BMS™ macrophages (x 200).

94



Twe rypes of sialoadenitis in two mouse strains

MRL/Ipr mice of all ages, but the spatial relation of those macrophages towards the focal
lymphocytic infiltrates differed in the two mouse strains (Figs. I, D and H. and 2D). In the
SMG of 20-week-0ld NOD mice. a thin rim of BM3* macrophages was present around lyra-
phocytic infiltrates (Fig. 1D}. In MRL/lpr mice. a thicker im of BM8* macrophages was
present around the lymphocytic infiltrates. In additon, these cells invaded the lymphocytic
infiltrates to a certain extent (Fig. [H).

These results show that gualitative 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 Iymphocytic infiltrates, present within the submandibular glands
of NOD mice and MRL/Ipr 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 significantly higher than that in the MRL/lpr mice. In
contrast to the percentage of B cells, the percentage of T lymphocytes in the focal lympho-
cytic infiltrates was significantly higher in 20-week-old MRL/lpr mice than in age-matched
NOD mice. Over time, an increase in the percentage of B cells and a decrease in the per-
centage of T cells in the lymphocytic Infiltrates of NOD mice were observed. However, this

Table 1. Composition of lymphocytic infiltrates present within submandibular glands of NOD MLR/lpr mice

Strain Age (weeks) B cells (%)® T cells (%3
NOD 10 247+ 835 205+4.0
NOD 15 333127 28560
NOD 20 352x32 26737
MRL/ipr 5 27.0£3.2 28154
MRL/pr 10 235 £2.340 20£25
MRIL/pr 15 16.7 £ 1.8 #¢ 32,138
MRL/pr 20 17.8 234 344 £ 214

a Values are given as the mean + standard deviation.

b Statistical comparison of time point with the previous time point by the Mann-Whitmey two-sample two-tailed
signed rank test (* p < 0.05).

¢ 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.

was not statistically significant. In MRE/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 immunochisto-
chemical stainings (Figs. 1F and 2RB).
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Presence of CD11c* dendritic celis during the development of sialoadenitis in NOD mice
and MRE./lpr mice

Because of the important role of DC in the activation of naive T lymphocytes, we stud-
ied 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, CD11c* cells with dendritic morphologic characteristics were scattered throughout the
parenchyma of the gland. DC were scarce or absent in the SMG of 5-week-o0ld BALB/¢ 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

® k.

Figure 3
Immunohistochemical detection of dendritic cells in
the parenchyma of SMG sections of 5-week-oid
mice as revealed with the monoclonal antibody
N418. A. NOD meouse. B, NOD-SCID mouse. C,
C57BL/10 mouse. D, BALB/c mouse. E. MRL/lpr
mouse (< 200),
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detected in the SMG (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
rce was studied over time, a steady increase in the number of CD11c™ cells was observed
until the mice were 15 weeks old. although the increase was less pronounced in NOD-SCID
ruice than in NOD mice (Fig. 3). 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.

pixels (x10%)

NOD NOD-seid MALApr C57BLM0 BALB/C

Figure 4

Dendritic cells in the SMG of 5-week-old mice. After having undergone immunohistochemical staining with
MoAb N418 to identify CD11c positive dendritic cells, positively stained cells were quantified by two inde-
pendent individuals who used an image analysis systemn. Values are expressed as means + standard deviation
of 4 to 8 animals per group, Statistical analysis was performed by the Mann-Whitney two-sample two-tailed
signed rank test. * Significant]y different as compared with C57BL/10 mice. p < 0.01. ** Significantly dif-
ferent as compared with C37BL/10 mice, p < 0.005.

Few DC were present in the parenchyma of the SMG of 5-week-old MRL/lpr mice;
this is comparable to the situation in C57BL/10 mice (Fig. 3, C and E). Because focal lym-
phocytic infiltrates were already present in this mouse strain at the age of 5 weeks, the virtu-
al absence of DC at this 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 Iymphocytes in the SMG of MRL/lpr and NOD mice
that were I 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.
However, scattered T lymphocytes were already detected in the glandular tissue of those
MRL/1pr mice. Accurnulations of lymphocytes were present in the SMG of 3 of 3 MRL/lpr
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pixels (x10%)

2 5 10 15 20
age (weeks)

Figure 5

Dendritic cells in the SMG of different mouse strains over time. After having undergone immunchistochem-
ical staining with MoAb N418. positively stained cells were quantified by two independent individuals who
used an image analysis system. Values are expressed as means * 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 significamly 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-o0ld NOD and NOD-SCID mice. = NOD
mice; A = NOD-SCID mice: V = C37BL/10 mice: ¢ = BALB/c mice.
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Figure 6

Anggysm of dendritic cells and T lymphocytes in the SMG of NOD and MRL/Ipr mice that were 1 to 5 weeks
old. Positively stained dendritic cells were quantified by two independent individuals who used an 1mace
analysis system (left y-axis). The numbers of positively stained T lymphocytes were counted per 10 mm>
glandular tissue by two independent individuals (right y-axis). Values are expressed as means + standard devi-
ation of 5 animais per group.
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mice that were 2 weeks old. and the number of scattered T lymphocytes had increased. In the
surrounding parenchyma. very few DC were present. Small lymphocytic infiltrates were
detected in the SMG of 4-week-old MRL/Ipr 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 autolmmune staloadenitis development in
the NOD mouse and the MRL/lpr mouse, which are two mouse models for Sjdgren’s syn-
drome. In NOD mice, the presence of focal lymphocytic infiltrates (first not structured and
later with T-cell and B-cell 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 lymphocytes, 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 Iymphocytic accumulation were already observed at the
age of 2 weeks. The virtual absence of DC in the SMG of 1-week-old MRL/Ipr 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 ohserved in mice = 4 weeks old (ages at which lym-
phocytic infiltrates had started to develop), it can be concluded that DC in MRL/Ipr mice = 4
weeks old are due to the presence of lymphocytic infiltrates.

These two disunct patterns of DC influx and focal infiltrate development in the two
mouse models suggest two distinet patterns of disease pathogenesis. With regard to the early
DC accumulation in the parenchyma of the SMG of NOD mice before any noteworthy lym-
phocytic infiltration, it is likely that DC pick up autoantigens in the SMG of the NOD mouse
and travel to the drairung lyroph node. In the lymph node, DC activate naive T cells to initi~
ate the autoimrnune 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 expres-
sion on the cells. During their maturation from monocytes, DC express various combinations
of chemekine receptors that enable monocytes and DC, depending on their maturational
stage. to respond to different chemokines (22, 23, The migration of epidermal Langerhans
cells and dermal DC can be enhanced by the cytokines 1L-1B and TNF-ct (24). Recently,
chemokine expression in the minor salivary glands (MSG) of patents with Sjogren’s syn-
drome has been described, and ductal epithelial cells were identified as the pradominant
source of chemokines in the MSG (25). An increased expression of the cytokines IL-1g. TL-
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1B. TNF-x, and IL-6 by salivary gland epithelial cells of Sjdgren’s syndrome patients when
compared with controls has been observed (26-28). These studies illustrate 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 pro-
liferation 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 (6, 7). Barly metabolic
and/or growth abnormalities that precede the DC influx have also been noted in the thyroid
gland of the biobreeding diabetes-prone (BB-DP) rat, in which autoimmune thyroiditis devel-
ops after the influx of DC (29).

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 inidal 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 DNA. The production of antibodies towards such an
autoantigen can lead to the formation of immune complexes and to the deposition of these
compilexes in the small vessels, which is followed by vasculitis. Sensitization of lymphocytes
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 MRIL/lpr mice was
the architecture of the focal lymphocytic infiltrates. In both mouse models. focal lymphocyt-
ic infiltrates developed during the course of the disease. The lymphocytic infiltration
occurred in NOD mice 10 weeks of age and older and gradually gained structure with T-cell
and B-cell areas. In 5-week-old MRL/1pr mice, structured focal infiltrates were already pres-
ent. but that structure was lost over time.

What is the function of the organized focal lymphocytic infiltrates that develop in the
SMG of both strains of mice? Similarly organized structures have been observed in other ani-
mal models of organ-specific autoimmune disease, e.g. the thyroid gland of the BB rat (30)
and the pancreas of the NOD mouse (31). These oreanized focal infiltrates, some aspects of
which resemble normal lymph node and gut-bronchus associated 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 autoantibodies. In the BB rat, a correlation was observed
between the development of intrathyroidal focal lymphoid cell infiltrates and the incidence
of anticolloid antibodies. which snggests that within such organized lymphoid structures, thy-
roid autoantibodies are produced (30). 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 chal-
lenge with an organ-specific antigen was recently observed in a tranggenic diabetic mouse
model. Transgenic mice expressing the lymphocytic choriomeningitis virus glycoprotein
under the control of the rat insulin promotor were imrmunized with DC that expressed an
immunodominant cytotoxic T-lymphocyte epitope of the viral glycoprotein. Pancreatic islet
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associated organized lymphoid structures developed in these mice in addition to destructive
autoimmune diabetes (32). In the MSG of two patients with Sjdgren’s syndrome, organized
lymphocytic infiltrates have recently been described (33). In an MSG of one of these patients,
fully developed germinal centers surrounded by large numbers of plasma cells were detect-
ed. 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
Sjdgren’s syndrome (34).

When the composition of the focal inflammatory infiltrates was studied, a higher per-
centage 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/Ipr mice. We believe thar 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 BM&* macrophages in the focal infiltrates present in the
SMG of MRL/lpr mice suggests the overproduction of proinflammatory Thl cytokines that
are important in the stimulation of cellular immune reactions. Far fewer BM8™ macrophages
and a predominance of B cells were observed in the SMG of NOD mice when compared with
the SMG of MRIL/lpr mice. This picture would fit more into a Th2-type reaction.

Despite our histological observation that the glandular tissue in the SMG of 20-week-
old MRL/lpr mice was more damaged, a decreased stimulated saliva production in this mouse
strain has not been reported. This is in contrast to what has been described for the saliva pro-
duction in NOD mice (6. 7). 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 destruzction of glandular
tissue is explained by the fact that in general, a major part of the glandular tissue must be
destroyed before an insufficient production of glandular product results. In NOD mice, sali-
vary gland hypofunction is probably mediated by blocking antibodies, because salivary gland
hypofunction could be transferred to young NOD mice by intraperitoneal injection of serurm
from old NOD mice (35). This emphasizes the importance of Th2 type reactivity in this
model of §jdgren’s disease. Moreover. the intrinsic abnormalities 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 (S]dgren’s syndrome) exist. NOD-like sialoadenitis would follow the pattern
of development of the known other organ-specific autoimmune diseases such as type 1 dia-
betes and thyroiditis. This primary form of Sjdgren’s syndrome is characterized by an anti-
gen 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
pattern of development. This form would be secondary and would be associated with sys-
temic autoimmune disorders and perhaps a histopathologic picture akin to that of the
MRL/pr mouse: Unstructured focal infiltrates, a predominance of T ceils within the infil-
trates. and a parenchymal infiltration with predominantly scavenger macrophages.

QOur data in the animal models indicate that a detailed analysis of the composition of
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the infiltrates in the MSG of patients with Sjdgren’s syndrome (B cells, T cells, DC,

macrophages) is worthwhile for a differential diagnosis. This subject will form the core of our
next report.
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Professional APC in Sjégren’s syndrome

Abstract

Sjdgren’s syndrome is an autoimmune disease in which lymphocytic infiltrates devel-
op in the salivary and lacrimal glands. We have shown that dendritic cells (DC) infiltrate the
submandibular gland of the nonobese diabetic (NOD) mouse, a mouse model for Sjdgren’s
syndrome, before lymphocytic infiltration, suggesting that these antigen presenting cells
{APC) may play a role in the initiation of SjBgren’s syndrome. In later stages, DC and
macrophages alse form an important part of the infiltrate of the NOD sialoadenitis. To find
out if DC and macrophages form part of the infiltrate in Sjdgren’s syndrome as well, and to
determine whether they may be usefull in the histopathological diagnosis of Sjdgren’s syn-
drome. we studied their presence in minor salivary glands (MSG) of patients with Sjégren’s
syndrome and patients with focal lymphocytic sialoadenitis (FLS). but without clinical or
serological criteria of Sjégren’s syndrome. Immunohistochemistry was applied, followed by
semiquantitative analysis.

DC and macrophages were present in all MSG: however. there were clear differences
in marker expression between Sjdgren’s syndrome and FL.S, on the one hand. and control tis-
sue, on the other hand. CD1a™ DC and RFD9* macrophages were mainly observed in MSG
in which a focal lymphocytic infiltrate was present. In fact. the diffuse presence of single
CDla™ DC and RFD9* macrophages correlated closely with the presence of a focal Iym-
phocytic infiltrate in the MSG. This indicates that these cells could be of help during the eval-
vation of a MSG. Because the detection of APC is technically less cumbersome than a focal
score, this parameter may perhaps replace the focal score in the histopathological diagnosis
of Sjdgren’s syndrome. This study therefore prompts further investigation focusing on the
presence of CDia™ and RFD9™ cells in the MSG of a large cohort of patients.

Introduction

Sjdgren’s syndrome is a chronic autoimmune disease characterized by the presence of
lymphocytic infiltrates in the salivary and lacrimal glands. The presence of these infiltrates is
accompanied by decreased saliva and tear production. This is ultimately manifested by xeros-
tomia and keratoconjunctivitis sicca (KCS) (1. 2). Systemic manifestations, like arthritis, vas-
culitis, and serum autoantibodies directed to the ribonuclear proteins SS-A and SS-B. may be
present as well (3). A combination of immunologic. genetic. hormonal. and viral factors have
been implicated in the pathogenesis of Sjdgren’s syndrome, but the initiating event of the
autoimmune reaction is still not known (3-3).

Initiation of an (auto)immune response starts with the presentation of an antigen to
antigen-specific CD4* T cells by antigen presenting cells (APC). APC include dendritic cells
(DC), macrophages, and B cells (professional APC). but also nonprofessional APC, like
epithelial cells. So far, with regard to the presence of leucocyte subsets in minor salivary
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glands (MSG) of patients with Sjogren’s syndrome, attention has primarily been paid to the
lymphocytic composition of the focal infiltrates (6. 7). Antigen-presenting cells have
received little attention.

We have recently shown that, before the development of tymphocytic infiltrates, DC
accumulate in the submandibutar glands of nonobese diabetic (NOD) mice, a mouse model
for Sjégren’s syndrome (8. 9). In the MRL/lpr mouse, another mouse model for Sjdgren’s
syndrome (10). hardly any DC were present before the onset of sialoadenitis (11). This sug-
gests that DC play an important role in the initiation of sigloadenitis in NOD mice. whereas
in MRL/lpr mice their role may be limited. In addition to the presence of DC in the early
phase of sialoadenitis in NOD mice, DC as well as macrophages furmed an important com-
ponent of the focal infiltrates in a later phase of the autoimmune process.

The presence of DC and macrophages in the submandibular glands of NOD mice and
the potential role of these cells in the initiation and perpetuation of the autoimmune reaction
prompted us to study the presence of these cell types in the MSG of patients with Sjdgren’s
syndrome.

The MSG biopsy has an important role in establishing the diagnosis Sjdgren’s syn-
drome in all sets of criteria that are being used. However. evaluation of the focus score is a
tedious procedure and requires the examination of more than one section by an experienced
pathologist. Because histopathological involvement may be patchy, focal lymphocytic infil-
trates of more than 50 mononuclear cells may be missed i only one section is used to exam-
ine the presence of a lymphocytic infiltrate. Furthermore. it has been estimated that the false
positive rate of the minor salivary gland biopsy may be as high as 20%. whereas inadequate
scoring may be as high as 19% (12).

We therefore examnined in a limited number of patients whether the presence of DC
and macrophages in the MSG can be used as a scoring parameter for the histopathological
diagnosis of Sjogren’s syndrome, and whether the presence of these APC correlates with the
presence of focal lymphocytic infiltrates. We not only used tissue from well-established
Sjogren’s syndrome patients, fulfilling the European criteria (ie. focal lymphocytic siaload-
enitis along with symptoms and positive tests for dry eyes and dry mouth, and serum anti-
hodies directed towards $S-A or S8-B), but also from patients with focal Iymphocytic
sialoadenitis only, without further clinical or serological criteria of Sjbgren’s syndrome
(FLS). Patients without focal sialoadenitis and oral complaints, but with the clinical eye
symptoms of Sjégren’s syndrome. ie, keratoconjunctivitis sicca (KCS). were used as a nega-
tive disease control. Patients with complaints of Sj6gren’s syndrome. but lacking any clinical
or pathological criteria for the disease, were also biopsied for diagnostic purpose. The tissues
of these cases were used as negative controls.

Briefly, the overall aim of this study was to investigate the presence of dendritic cells
and macrophages in MSG and their potential contribution to the pathological practce.
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Materials and methods

Patients and controls

Lipbiopsies were obtained from various groups of patlents. (a) Samples were taken
from 13 patients (14 women and 1 man; ages 32 to 79 years) with Sjogren’s syndrome
according to the European Community Criteria (31). In the serum of five of these patients.
antinuclear antibodies or anti-SS-A or anti-SS-B antibodies had been detected. All 15 patients
also fulfilled the newly proposed European criteria for Sjégren’s syndrome that require a pos-
itive focus score or antibodies to SS-A or SS-B in each patient (32). (b) Samples were
obtained from six patients (all women, ages 29 to 58 years) with focal lyrmphocytic siaload-
enitis (FL.S) only. Patients with FLS were characterized by the presence of focal lymphocyt-
ic infiltrates with a focus score equal to or greater than 1 in their MSG, but without kerato-
conjunctvitis sicca (KCS). Thus, these patients did not fulfill the clinical criteria to be diag-
nosed as having Sjdgren’s syndrome. (¢) Sarnples were also obtained from eight patients (7
women, 1 man: ages 31 to 56 years) with KCS, without a completely developed Sjdgren’s
syndrome. Patients with KCS were diagnosed on the basis of serions complaints of dry eyes,
a positive Van Bijsterveld score, and an abnormal Schirmer test or break-up time. The out-
come of the Schirmer test was considered abnormal if less than or equal to 5 mm. The break-
up time was considered abnormal if the outcome was lower than 11 seconds. (d) As control
tissue. lip biopsies from 17 patients (15 women, 2 men; ages 34 to 76 yrs) were studied. These
patients suffered from sicca complaints, but were negative in objective diagnostic tests for
ocular and oral involvement. Neither antinuclear antibodies nor anti-SS-A or anti-SS-B anti-
bodies were detected in the serum of any of the contro patients. Lip biopsies had been per-
formed in all patients for routine diagnosis. Biopsies were either fixed in 10% buffered for-
malin or snap-frozen within 30 minutes in Tissue-tek embedding medinm (Sakura Finetek,
Torrance, California), using liquid nitrogen. Biopsies that were snap-frozen were stored at
—30°C and used for research purposes.

Imnmunohistochemistry

Frozen sections (6 um) from each biopsy were placed on poly-L-lysine-coated slides
{Sigma. Diagnostics. St Louis. Missouri) and fixed in aceton for 10 minutes at room temper-
ature. Afterwards, the slides were rinsed in PBS (pH 7.8) for 5 minutes and incubated with
1% bovine serum albumine in PBS for 10 minutes. Subsequently the slides were incubated
with 10% normal rabbit serum (Dakopatts, Glostrup, Denmark} in PBS for 10 minutes, after
which one of the monoclonal antibodies (MoAb) was applied (Table 1). L25 is a MoAb
directed against B cells and dendritic cells (13) and was a generous gift of Dr. T. Takami
{Department of Pathology, School of Medicine, Gifu University, Gifu, Japan}. RFD7 and
RFD9 are MoAb directed against macrophage subsets (18), and these were kindly provided
by Dr. L.W. Poulter (Departmment of Immunology. Roval Free Hospital, London, United
Kingdomy). The optimal dilutions were determined by titration. The slides were incubated
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with the primary antibody of interest for 60 minutes, rinsed in PBS for 10 minutes, and incu-
bated for 30 minutes with rabbit antimouse (RoM) immunoglobulin antiserum (175 ug/mil)
(Dako A/S. Glostrup, Denmark).

Table 1. Monocional antibodies used in this study.

Antibody Main specificity Source

RFD7 Macrophages Dr. L.W. Poulter, London, UK
RFDS Macrophages Dr. L.W. Poulter, London, UK

L25 B cells, dendritic cells Dr. T. Takami, Gifu, Japan

OKT6 CDla Ortho Diagnostics, Raritan, NJ
HB15a CD383 Immunoctech S.A.. Marseille, France

Subsequently, the sections were rinsed in PBS, incubated with alkaline phosphatase
anti-alkaline phophatase (5 ug/ml) (DAKO A/S) for 30 minutes, rinsed in TRIS buffer (pH
8.0), and incubated for 30 minutes with New Fuchsin substrate (Chroma, Stuttgart, Germany)
which stained positive cells red. Finally, the slides were rinsed with water, counterstained
with Mayer's hematoxylin (Merck diagnostica. Darmstadt, Gemmany)., and mounted in
Kaiser’s glycerol gelatin (Merck diagnostica). Control staining was performed by substitution
of the primary antibody with PBS and by incubation with an irrelevant monoclonal antibody
of the same isotype and concentration. Stained sections were evaluated blindly by three inde-
pendent persons (SvB., AW-W. CvH-M), using a semiquantitative 0 to 3 scale (grade 0. no
positive cells; grade 1, 1-5 positive cells per 0.625 mm?: grade 2. 6-30 positive cells per
0.625 mm=: grade 3, 30-100 positive cells per 0.625 mm?). A distinction was made between
cells staining positive located within a focal infiltrate and cells staining positive located in
glandular tissue. In sections of MSG of patients with Sjdgren’s syndrome or FLS that were
used to study one of the markers of interest, a lymphocytic infiltrate was not always present.
In these cases however, the presence of a focal lymphocytic infiltrate was detected in other
sections of these MSG.

Results

Dendritic cells in minor salivary glands

Three separate antibodies were used to study the presence of DC in MSG. L25 reacts
with interdigitating cells in the thymus-dependent areas of peripheral lymphoid organs, and
with B cells (13). CD83+ cells represent mature DC (14, 15), whereas CD1a* DC represent
DC positive for a molecule that plays a role in the presentation of lipid and glycolipid anti-
gens (16. 17). Whereas L2353+ and CD83+ DC were found in virtually all MSG. CDlat DC
were specific for MSG in which a focal lymphocytic infiltrate was present.

257 cells were present ir all studied MSG, regardless of the presence of a lympho-
cytic infiltrate within the MSG (Figs. 1 and 2. A and B). If there were focal lymphocytic infil-
trates. the highest numbers of L25% cells were normally observed within these infiltrates. To
discriminate between DC and B cells, the presence of CD197 cells (B cells) within the MSG
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was also examined. Based on these stainings, we concluded that part, but not all. of the 123+
cells within the lymphocytic infiltrates were indeed B cells. In the parenchyma of the MSG,
L25* cells were mainly DC, which was also suggested by the dendritic morphology of the
cells.

CD83* cells were present in the MSG of patients with Sjogren’s syndrome or FLS, as
well as in controls (Fig. 1). In MSG with a lymphocytic infiltrate, CD83 expression was
found within parenchymatous tissue as well as in the iymphocytic infiltrate (Fig. 2D).

CD1la* DC were found in the MSG of all patients with Sjdgren’s syndrome and of the
majority of patients with FLS (Fig. 1). Such cells were only present in 20% of the control
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Figure 1

Semiquantitative analysis of dendritic cell subsets in minor salivary glands (MSG) of patients with Sjégren’s
syndrome (538), focal lymphocytic sialoadenitis (FLS), and keratoconjunctivitis sicca (KCS), as well as in
those of contrel subjects (CTRL). In MSG of patients with SjS and FLS, a distinction was made between pos-
itively staining cells located in the parenchyma (P) and those in the lymphocytic infiltrate (X). The nurmber of
MSG studied is shown in parentheses for each condition. The following grading system was used: 0. no pos-
itive cells; 1, 1-5 positive cells per 0.625 mm?; 2, 6-30 positive cells per 0.625 mm>, 3: 30-100 positive cells
per 0.625 mm?>. See Table 1 for the specificity of the monoclonal antibodies.
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Figure 2

Immunohistochemical detection of macrophages and dendritic cell subsets in MSG. A ard B, L25% dendritic
cells present in a MSG of a control (A), and in that of a patient with FLS (B). C and D.CD1a* (C) and CD33™+
(D) dendritic cells present in the parenchyma of a MSG of a patient with Sjégren’s syndrome. E and F, RFD7+
macrophages. present in a MSG of a control subject (E). and in that of a patient with FLS (F). G and H, RED9+
macrophages present in a MSG of a control subject (G). and in that of a patient with Sjdgren’ syndrome (H).
Magnification, x 400.
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patients, whereas they were absent in MSG of patients with KCS. In MSG in which a lym-
phocytic infiitrate was present, CD1a™* DC occurred both in the parenchyma of the gland (dif-
fusely distributed) (Fig. 2C) and in the lymphocytic infiltrates.

Macrophage subsets in miner salivary glands

The MSG of patients with Sjdgren’s syndrome, FLS, KCS, and controls were studied
for the presence of RFD7™, mature tissue macrophages (18), and RFD9* macrophages. rep-
resenting epithelioid cells (19). RFD7* macrophages were present in all MSG. regardless of
the presence of a focal lymphocytic infiitrate (Figs. 2. E and F. and 3). In MSG in which a
lymphocytic infiltrate was present, RFD7* macrophages were detected both within the infil-
trate and scattered throughout the glandular parenchyma.

RFDS™* cells were not so widely distributed. These macrophages were present in the
parenchyma of the majority of patients with Sjdgren’s syndrome and FLS (71% and 80%,
respectively), whereas they were largely absent in the control MSG (Figs. 2, G and H. and 3).
In MSG with a lymphocytic infiltrate, RFD9* cells were present both within the lymphocyt-
ic infiltrate and in the parenchyma.
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Figore 3

Semiquantitative analysis of macrophages subsets in MSG of patents with $j8, FLS, and KCS, as well as in
those of control subjects, In MSG of patients with §jS and FLS. a distinction was made between positively
staining cells {ocated in the parenchyma (P) and those in the lymphocytic infiltrate (I). For details, see the leg-
end for Figure 1 and Table 1.
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Correlation between the presence of CD1a* dendritic cells and RFD9* macrophages
and the presence of lymphocytic infiltrates in MSG

CDla* DC and RFDY9™ macrophages were mainly present diffosely distributed in
MSG in which also a lymphocytic infiltrate was also present. Because these cells were also
detected in cases where the lymphocytic infiltrate was missed in the section used for the
immunochistochemical staining, we examined whether the presence of these cell types in the
parenchyma of the MSG correlates with the presence of a lymphocytic infiltrate,

Thirty-four MSG in which both markers were examined were divided into two groups:
one group in which a positive focus score had been reported by the pathologist or was detect-
ed in this investigation in any section used for the immunohistochemical stainings, and anoth-
er group in which lymphocytic infiltrates had never been observed, neither by the pathologist

nor by us. The presence of CDla™* and RFD9* cells in both patient groups is listed in Table
N

Table 2. Correlation between presence of focal Iymphocytic infiltrates and presemce of CDla* and/ or
RFDY* cells in parenchyma of minor salivary gland biopsies.

Number of CDHa* CDla* CDla" CDla
Focus score MSG RFD9+ RFD9- RFDO+ RFD9-
Positive 19(13) 14/1% 4/19 0/19 1/19
Negative 15 (15) /15 215 5/15 8/15

* In parentheses. the number of MSG included in this part of the study that were scored positive or negative by the
pathologist.

The first observation that follows from Table 2 is that, in 6 of 19 MSG (32%) in which
we detected in our observations a positive focus score in any of the sections used for the
immunohistochemical stainings, a negative focus score had been reported to the clinician by
the pathologist. This underscores the notion that false negative scoring of the MSG biopsy is
indeed a problem encountered by the pathologist when evaluating a MSG in routine proce-
dures.

In 18 of 19 MSG (95%) in which a positive focus score was detected, CDlat DC were
present. In 14 of these MSG. RFD9* macrophages were also found. In total, CD1a™ cells
were found in 20 of 34 examined MSG, in 90% of which (18 of 20) a lyvmphocytic infiltrate
was present, showing that the presence of CD1a* DC correlates significantly with the pres-
ence of a lymphocytic infiltrate. RFD9 macrophages. though mainly present in MSG in
which a Iymphocytic infiltrate was present. were also found in 33% (5 of 15) of MSG with a
negative focus score.

Discussion

In this study the presence of DC and macrophages was examined in the MSG of
patients with Sjdgren’s syndrome. related diseases, and controls. We found the presence of
CDl1a* DC (and 1o a lesser extent that of RED9* macrophages) to cormrelate with the presence
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of focal adenitis and hence to be rather specific for the histopathology accompanying
Sjdgren’s syndrome. Because DC and macrophages are present, scattered throughout the
glandular parenchyma, the detection of these cells in routine practice is likely to be easier for
the pathologist than determination of the focal score, which needs more sections and levels
of the gland to be evaluated. In our study. the percentage of MSG scored false negative in
routine H&E sections was shown to be as high as 32% when compared with the percentage
of positive focal scores in sections used for immunchistochemistry. In over 80% of these lat-
ter MSG (5 out of 6). CDl1a* DC were present.

Our study thus urges for a systematic, prospective, and well-controlled investigation
of the presence of CD1a* and RFD9™ cells in a large cohort of patients to see if these mark-
ers can indeed be helpful in the histopathological diagnosis of Sjdgren’s syndrome and thus
replace the tedious focal scoring. To further illustrate the necessity for critically viewing the
outcome of the focal scoring. it has recently been deseribed that smoking habits of patients
might invalidate the use of the focus score in a MSG, because smoking lowers the focus score
by reducing the accumulation of lymphocytes in the salivary glands (20). Reduction of either
the number or the size of lymphocytic infiltrates increases the problem of false negative
MSG. Whether it affects infiltration by CDla* DC and RFD9™ macrophages needs further
investigation.

Our study also shows that DC and macrophages are normal components of the MSG,
albeit the cells are then almost exclusively CD1a and RFD9 negative (they are L25 and CD83
or RFD7 positive). RFD7+ macrophages, detected in all MS@G irrespective of the presence of
a lymphocytic infiltrate, probably represent a resident macrophage population that is able to
eliminate debris particles and microorganisms that invade the salivary gland {classical histi-
ocytes). We found similar macrophages in submandibular glands of the NOD mouse. the
MRL/pr mouse. and control strains (unpublished observations).

DC are the most potent APC and are capable of activating naive T lymphocytes (21).
A role for these celis. carly in the process leading to the development of sialoadenitis can be
envisaged. It can be imagined that L25% DC, possibly activated by events that may only occur
in MSG of patients with Sjdgren’s syndrome or FLS, take up an autoantigen from the glan-
dular tissue, travel to the draining lymph node, and activate antigen-specific T Iymphocytes.
Activation and maturation of DC can be achieved by antigen uptake and processing or by
exposure of DC to inflammatory agents (22. 23).

The antigen CDla, recognized by the antibody OKT6, is normally expressed on
Langerhans cells within the epidermis of the skin (24). In this study we described the pres-
ence of CD1a™ cells in MSG in which a lymphocytic infiltrate has developed. Other inflam-
matory conditions in which CD1a™* cells have been detected include the lesions of patients
with sarcoidosis. Perivascular areas of skin lesions, as well as granulomas within the lymph
nodes and lungs of patients, were found to contain CD1a* cells (25). These results combined
with ours suggest that the presence of CDla™ cells in the periphery may be due to a chronic
inflammatory environment. With regard to up-regulation of CD1a in vitro, maturation of DC
from CD14* progenitors, induced by granulocyte-macrophage colony stimulating factor

115



Chapter 3

(GM-CSF) and tumor necrosis factor-o {TNF-c). is accompanied by increased expression of
CD1la (26). Interestingly. TNF-o¢ mRNA and protein expression have been detected in the
MSG of patients with Sjégren’s syndrome, as well as in those of healthy volunteers. The
highest levels were detected in patients with Sjogren’s syndrome {27-29). The expression of
CDla on PC in MSG in which a lymphocytic infilrate has developed may be the result of
the production of the proinflammatory cytokine TNF-o by infiltrating cells. Alternatively. it
may have occurred prior to the development of lymphocytic infiltrates, perhaps because of
increased expression of TNF-o by epithelial cells. and may be an early event in the
development of sialoadenitis.

The presence of RFD9™ macrophages, mainly in MSG with a lymphocytic infiltrate,
is probably a refiection of the chronic inflammatory process characteristic of Sjdgren’s syn-
drome. RFD9" macrophages have also been described in granulomas of patients with sar-
coidosis. and although their precise role is unknown. it has been suggested that clustered
RFDY9* macrophages are involved in antigen processing and may contribute to the persist-
ence of chronic inflammatory (autoimmune) reactions (30). Whether RFD9* macrophages
are recruited to the MSG because of cytokine production by cells of the focal infiltrate or
whether they mature from a precursor subset is not known.

In conclusion. in this study we have shown that professional APC are present in MSG,
and a role for these cells in the development of autoimmune sialoadenitis can be envisaged.
Furthermore, the presence of CD1a* DC and REFDY" macrophages in MSG in which a Iym-
phocytic infiltrate is present suggests the need for further investigation to see if these mark-
ers can be helpful in the histopathological diagnosis of Sjégren’s syndrome.
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Apoptosis and apoptosis related molecules in the SMG of the NOD mouse

Abstract

Sjdgren’s syndrome is an autoimmune disease in which lymphocytic infiltrates devel-
op in the exocrine glands. Pathogenetic aspects of the disease can be studied in the nonobese
diabetic (NOD) mouse strain. a spontaneous mode] for Sjégren’s syndrome. Apoptosis may
play arole in the initiation phase and in the effector phase of autoimmune diseases. Here, we
have exarined the role of apoptosis in the development of sialoadenitis in the NOD mouse.
Apoptotic cells and the expression of apoptosis related molecules were studied in sub-
mandibular glands (SMG) of NOD and NOD-scid mice before and following the onset of
sialoadenitis. Numbers of apoptotic cells were not increased as compared with control mice,
at any age. By immunohistochemistry, we did demonstrate increased expression of Fas, FasL.
and bel-2 on SMG epithelial cells of NOD and NOD-scid mice, as early as 3 days of age. By
RQ-PCR, also mRNA expression of Fas and FasL was examined in SMG. Low level expres-
sion of Fas and FasL mRNA was observed in all mouse strains, from 1 day of age onwards.
We conclude that increased protein expression of Fas and FasL. on SMG epithelial cells of
NOD and NOD-scid mice probably indicates a genetically programmed abnormality in these
cells that may form a trigger for the development of sialoadenitis in NOD mice. As increased
numbers of apoptotic cells were not observed. a role for actual apoptosis in the initiation or
effector phase of sialoadenitis in the NOD mouse is unlikely.

Introduction

Sjgren’s syndrome is an autoimmune disease with unknown etiology, affecting pri-
marily the safivary and lacrimal glands. In these glands, focal lymphocytic infiltrates devel-
op. which are in part of the patients accompanied by a decreased secretory response (1-3).
Spontanecus mouse models for Sjégren’s syndrome exist in which different pathogenetic
aspects of the disease can be studied. A widely used mouse model for Sjégren’s syndrome is
the nonobese diabetic (NOD) mouse. In this mouse strain, lymphocytic infiltrates can be
detected in the salivary (sialoadenitis) and lacrimal glands (dacryoadenitis) from the age of
10 weeks onwards (4. 5).

The development of sialoadenitis can principally be divided in two phases. An asymp-
tomatic phase in which so far unknown events lead to the activation of autoreactive lympho-
cytes, followed by a second phase in which Iymphocytic infiltrates develop and loss of secre-
tory function can be observed. The cause of the autoimmune reaction may reside in the tar-
get organ of the autoimmune response, in the immune system, or in both. Studies in the NOD
mouse indicate an important role of the target organ in the initiation of sialoadenits. First, it
has been demonstrated that 8-week-o0ld NOD-scid mice exhibit an altered salivary protein
composition as compared with control strains (6). Since NOD-scid mice lack functional B-
and T-lymphocytes (7). the origin of this abnormality most likely resides in the salivary
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glands. Second, we have shown that the development of sialoadenitis in the NOD mouse is
preceded by the accumulation of dendritic cells into the submandibular glands (SMG) (8).
Since dendritic cells are potent antigen presenting cells, involved in the activation of immune
responses. their early accumulation into the SMG also points to a local trigger for initiation
of sialoadenitis (9-11).

Apoptosis is an important process, involved in maintenance of homeostasis of multi-
cellular organisms (12. 13). It plays a crucial role in morphogenesis and remodeling of tis-
sues during fetal life. in normal tissue turnover and in maintepance of immunological toler-
ance (13. 14). Although apoptosis has always been considered a way of cell death. not induc-
ing an inflammatory response. it has recently been shown that under certain circumstances
apoptotic cells may induce an immune reaction. This may increase susceptibility to. or even
result in the development of an altoimmune disease (15-17). For example. accumulation of
high numbers of apoptotic cells, due to ineflicient clearing or when apoptosis occurs at a high
level. may result in the production of autoantibodies to remnants of apoptotic cells, evidence
for which has been obtained in mice that are defective in the phagocytosis of apoptotic cells
(18, 19). It can also be hypothesized that apoptosis results in the formation of cryptic epitopes
of antigens. via cleavage of cellular substrates by enzymes that are activated following induc-
tion of apoptosis. These cryptic epitopes may subsequently induce an autoimmune response.
Interestingly, induction of apoptosis in a T cell hybridoma results in the formation of 120 kD
c-fodrin (20, 21), to which autoantibodies have been detected in serum of patients with
Sjdgren’s syndrome (22, 23). This illustrates that apoptosis may indeed play a role in the
pathogenesis of §jbgren’s syndrome. Moreover, high numbers of apoptotic cells have been
shown to trigger the maturation of dendritic cells in vitro (15). This may be mediated by the
release of double stranded DNA from dying cells, as this has been shown to induce the mat-
uration of antigen presenting cells (24). So, apoptosis could contribute to the initiation of an
(auto)immune reaction via the release of antigens which are normally present in the cell. via
the generation of cryptic antigens. or via the maturation of antigen presenting cetls which
may subsequently activate autoreactive lymphocytes.

In the effector phase of sialoadenitis. apoptosis may contribute to destruction of glan-
dular epithelial cells. In minor salivary glands of patients with Sjégren’s syndrome. increased
numbers of apoptotic epithelial cells have been detected as compared with controls. In addi-
tion. epithelial cells expressed high levels of the apoptosis receptor Fas as well as the death
inducing molecule FasL. Infiltrating lymphocytes were shown to express FasL and bel-2,
enabling these cells to induce apoptosis, whilst themselves being protected for the induction
of apoptotic cell death (25-28).

The aim of this study is to examine the role of apoptosis in the pathogenesis of siaload-
enitis in the NOD mouse. Therefore we studied the presence of apoptotic cells and the expres-
sion of apoptosis related molecules (Fas, Fasl., and bel-2) in the SMG by immunohisto-
chemistry. In addition, expression of Fas and FasL was studied by Western blot and by RQ-
PCR. To investigate if disturbed apoptosis might contribute to the initiation or to the effector
phase of sialoadenitis in the NOD mouse, SMG were studied of pre-antoimmune mice (1 day-
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7 weeks) and of mice aged 12-20 weeks, respectively. NOD-scid mice were studied in com-
parison with NOD mice in order to delineate the role of lymphocytic infiltrates.

M aterials and methods

Mice and experimental design

Female NOD, NOD-scid. and C37BL/10 mice were bred in our own facilities under
specific pathogen-free conditions. Specific pathogen-free BALB/c mice were purchased from
Harlan (Horst, The Netherlands). Mice were fed standard pellets and water ad libitum and
were maintained at 22°C +/- 1°C on a 12-hour light/ 12-hour dark cycle. Under these condi-
tions, the incidence of diabetes in NOD mice at 30 weeks of age was 90% in females and 30%
in roales. SMG of 3-day-old mice were obtained from Hospital Necker, Paris, France, where
the mice were housed under the same conditions. Of this age, 10 mice were used of each
mouse strain, whereas the other age groups consisted of 5 mice per strain.

Tissue preparation

Mice, aged 3 weeks and older. were killed by asphyxiation with carbon dioxide. Mice,
younger than 3 weeks were killed by cervical dislocation. For immunohistochemistry, SMG
were removed, embedded in Tissue-tek (Sakura Finetek, Torrance, CA), and snap-frozen in
liquid nitrogen. Tissues were stored at -80°C. For RNA analysis, SMG were removed,
homogenized in RNAzol™ B. (Campro Scientific, Veenendaal, The Netherlands), and
stored at -80°C until further processing. Salivary gland lysates were prepared by homoge-
nization of SMG in ice-cold Hank’s buffer (Life Technologies. Paisley, United Kingdom)
supplemented with Protease Inhibitor Cocktail (Boehringer Mannheim. Mannheim,
Germany), 1 tablet in 10 ml Hank’s buffer. The lysates were stored at -80°C.

Immunohistochemistry

Cryostat sections (6 |im) were prepared and mounted on coated microscopic slides.
Slides that were used for the immunohistochemical detection of Fas, FasL and bel-2 were
fixed with methanol (-20°C) and aceton (room temperature), and rinsed with phosphate-
buffered saline (PBS) (pH 7.8) at room temperature. To block for endogenous biotin-like
structures, an avidin/biotin blocking kit was used {Vector Laboratories, Burlingame, CA).
Hereafter the slides were incubated with anti-Fas (Ab-1, Calbiochem, Darmstadt, Germany),
anti-FasL (C178), or anti-bcl-2 antibody (N19) (both Santa Cruz, Biotechnology, Santa Cruz,
CA). for one hour at room temperature. As a negative control, the primary antibody was omit-
ted. In addition, the specificity of the antibedies was confirmed by an isotype control (rabbit
IsG, Santa Cruz Biotechnology). Subsequently. the slides were incubated for 30 minutes (45
minutes in case of anti-FasL and anti-bcl-2 stainings) with biotinylated goat-anti-rabbit
immunoglobulins (Biogenex, San Ramon, CA). diluted 1:50 in PBS/0.1% BSA. to which 10%
normal mouse serum was added. This was followed by an incubation period of 45 minutes
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(30 minutes in case of anti-Fas and anti-bcl-2 stainings) with horseradish peroxidase-conju-
gated avidin/biotin complex (DAKO, Glostrup, Denmark), dituted 1:100 in PBS after which
the peroxidase label was developed by exposure to 0.10% (w/v) diaminobenzidine in acetate
buffer (pH 6.0) containing 1% NiSC, and 0.02% H,O, for three minutes. The slides were
counterstained with nuclear fast red [0.1% (w/v) solution in water containing 5% (w/v)
Al,(80,);], dehydrated by an ethanol/xylene sertes and embedded with Depex mounting
medium (BDH, Poole, England). In between all incubations, the slides were rinsed with PBS.
The slides were semiquantitatively analyzed by two independent individuals. according to
Table 1.

Table 1. Semiquantitative anatysis of sections, stained for the presence of Fas, FasL and bcl-2
No positive staining cells N

Few positive staining cells -+
Significant number of positive staining cells +

High number of positive staining cells ++
Very high aumber of positive staining cells +++

Slides that were used for the terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL assay) were fixed for 10 minutes in a 4% paraformaldehyde solu-
tion (pH 7.4) (Merck, Darmstadt. Germany). at 4°C. and refixated with ethanol/ glacial acetic
acid (2:1) at -20°C. Thereafter the sections were presoaked with 30 pl TdT buaffer (100 mM
sodiumcacodylate, 1 mM cobalt chloride, 0.1 mM dithiothreitol and 0.005% BSA) for 5 min-
utes at room temperature. Subsequently, 50 ul TdT solution was added containing 20 U TdT
(Pharmacia Biotech, Uppsala, Sweden}, 20 uM dANTP (Pharmacia Biotech) and 2 pM digoxy-
genin-labeled dUTP (Boehringer Mannheim, Mannheim. Germany). which was followed by
an incubation period of 1 hour at 37°C. As a negative control, TdT was omitted. Following
the incubation period, the reaction was stopped by washing for 30 minuates with 2 x concen-
trated SSC, containing 3 M sodiumchloride and 0.3 M wrisodiumeitrate, at 37°C. Thereafter
the slides were rinsed with PBS. as in between all incubation steps so far, and subsequently
with Tris buffered saline (TBS) (pH 7.6), containing 0.1% (v/v) Triton X-100 and 0.1% BSA.
This was followed by an incubation with alkaline phosphatase labeled anti-digoxygenin
F(ab),, fragments (Boehringer Mannheim), 1.5 U/ml in TBS supplemented with 2% fetal calf
serum (BioWhittaker, Verviers, Belgium) for 30 minutes at room temperature. Hereafter the
slides were placed in a Fast Blue substrate (Sigma, St. Louis, MO} solution for 30 minutes at
room ternperature, in a dark room. This reaction was stopped by washing for 10 minutes in
PBS, after which the sections were counterstained with nuclear fast red (Fluka Chemica, Neu-
Ulm, Swiss) and embedded in Kayser’s glycerol gelatin (Merck). The sections were evaluat-
ed by counting the number of positive staining cells per 7.5 mm?>, by two independent indi-
viduals.

Western Blot analysis
Salivary gland lysates were thawed. sonicated twice for 30 seconds and centrifuged at
10000g, 4°C, for 10 minutes, after which the supernatant was carefully removed. Protein
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concentration in the supernatant was determined using the Bio-rad protein assay (Bio-rad lab-
oratories GmbH. Miinchen. Germany). Per lane, S0 ug of protein was electrophoresed in a
12.5% SDS-polyacrylamide gel. Hereafter, protein was transferred to nitrocellulose (hybond
ECL nitrocellulose membrane. Amersham Pharmacia biotech. Little Chalfont, England).
blocked for 1 hour in TBS (pH 7.4) supplemented with (.1% Tween (TBS-T) containing 5%
non fat milk and 1% bovine serum albumine. Hereafter, the nitrocellulose membranes were
incubated overnight at 4°C with either anti-Fas antibody (0.5 ug/ml, A20, Santa Cruz
Biotechnology) or anti-FasL antibody (1 pg/ml, C178, Santa Cruz Biotechnology). The ant-
Fas antibody. used in the Western Blot experiments was of a different source than the anti-
Fas antibody used for immunohistochemistry, because the latter antibody was not suitable for
‘Western Blot analysis. As a negative control, the primary antibody was substituted by an iso-
type control (rabbit IgG. Santa Cruz Biotechnoiogy}. To control for the specificity of the anti-
Fas antibody, the anttbody (A20) was neutralized with the corresponding blocking peptide
(Santa Cruz Biotechnology) by incubation with a 8-fold excess of blocking peptide for two
hours at 4°C. prior to addition tc the nitrocellulose filters. The membranes were washed for
1 hour with TBS-T. after which they were incubated with horseradish peroxidase conjugated
swine anti-rabbit antibody (2 pg/ml. DAKO) in the presence of 2% normal mouse serum.
Blots were developed with chemiluminescence substrate (ECL. Amersham Pharmacia
Biotech).

RNA extraction and ¢cDNA synthesis

Total RNA was extracted from SMG tissues that were homogenized in RNAzol T™ B,
according to the manufacturers protocol. The OD260 and OD280 were measured to deter-
mine the yield and purity of the RNA. Target RNA {1 pg) was reverse transcribed using per
reaction: SU AMV-RTase, 2 Wl 10 x concentrated AMV RT buffer, 1 ul 20 mM dNTP mix.
2 Wl 10 mM spermine/HCI, | wl 40 U/ul RNA guard. 0.5 pl 100 OD/ml random hexamers,
and 2 pl 100 pg/ml oligo(dT), 5- This reaction mixture was adjusted with H,O 1o a total vol-
ume of 20 ul. incubated at 41°C for 1 hour and stored at -80°C. Of each mouse strain, two
pools of RNA were used per age group, which consisted of three mice per pool.

Primers and probes

PCR primers and fluorogenic probes for the target genes were designed using the com-
puter program Primer Express. and were purchased from PE Biosystems (Branchburg, NJ).
The oligonucleotide sequences of the primers. used for the detection of Fas. FasL. and
GAPDH are: Fas 3°, ATG CAT CAC TCT TCC CAT GAG A; Fas 5', GGA GGG CAA GAT
AGA TGA GAT CA: Fasl. 3", AAC CCA GTT TCG TTG ATC ACA A:FasL 5°. CCA ACC
AAA GCC TTA AAG TAT CAT C; GAPDH 37, TTC ACC ACC ATG GAG AAG GC:
GAPDH 5, GGC ATG GAC TGT GGT CAT GA. The oligonucleotide sequences of the flu-
orogenic probes are as follows: Fas, AGT CCA GCT GCT CCT GTG CTG GTA: FasL, CAT
TTA ACA GGG AAC CCC CAC TCA AGG T: GAPDH, TGC ATC CTG CAC CAC CAA
CTG CTT AG. The fluorogenic probes contained a reporter dye (FAM) covalently attached
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to the 5° end and a quencher dye (TAMRA) covalently attached to the 3" end. Extension from
the 3° end was blocked by attachment of a 3° phosphate group.

PCR amplification

PCR reactions were performed in the ABI-prism 7700 sequence detector, which con-
tains a Gene-Amp PCR system 9600 (Perkin Eimer/ Applied Biosystems. Foster City. CA).
Reaction conditions were programmed on a Power Macintosh 7200. PCR amplifications were
performed in a total volume of 50 ul. containing 2 ul cDNA sample. 25 pl 2 x concentrated
Tagman® Universal PCR Master Mix (PE Biosystems, Branchburg, NT), 900 nM of each
primer (for Fas and GAPDH detection). Each reaction aiso contained 200 nM of the corre-
sponding detection probe (for Fas and GAPDH detection). For the detection of FasL expres-
sion, 1200 nM of each primer and 250 nM of the detection probe were used. PCR amplifica-
tion reactions were performed in duplicate wells. using the following conditions: 2 min at
50°C and 10 min at 95°C. followed by a total of 50 two-temperature cycles (15 s at 95°C and
1 min at 60°C).

Resuits

Presence of apoptotic cells in submandibular glands of different mouse strains
Apoptotic cells, detected by the TUNEL assay were counted per 7.5 mm? glandular
tissue. In all mouse strains, at all ages, apoptosis was mainly confined to acinar epithelial
cells, hardly any apoptotic cells were present In ductall (Fig. 1A). At the age of 3 days,
increased numbers of apoptotic cells were detected in SMG of NOD, NOD-scid and
CS7BL/10 mice, as compared with 5 and 20 weeks of age (Fig. 2). In NOD-scid mice. this
difference was less pronounced as compared with NOD and C37BL/10 mice. At three days
of age. no significant difference was observed between numbers of apoptotic acinar epithe-

Figure 1
Apoptetic cells. present in the SMG of the NOD mouse. as detected by the TUNEL assay. A: S-week-old
mouse B: lymphocytic infiltrate, in SMG of 20-week-old meuse (¥250).
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lial cells in the SMG of NOD and control mice. Also in glands of 5- and 20-week-old mice.
numbers of apoptotic acinar epithelial cells were comparable among the different mouse
strains. Within the lymphocytic infiltrates in SMG of 20-week-o0ld NOD mice, apoptotic cells
could also be observed (on average 5 apoptotic cells per infiltrate) (Fig. 1B).

20

10

number of apoptaotic cells

3 days 5 wks 20 wks 3 d:—.\;'s 5 wiks 20 wks 3 days 5 wks 20 wks
NOD NOD-scid cs78LM0

Figure 2
Numbers of apoptotic cells. present in SMG of different mouse strains (3 days till 20 weeks of age} as deter-

mined by the TUNEL assay. Numbers were counted per 7.5 mm? glandular tissae and are expressed +/- stan-
dard deviation.

Immunohistechemical detection of Fas, FasL and bcl-2

SMG of mice. aged 3 days, 5. and 20 weeks were studied for the expression of Fas,
FasL and bcl-2 by immunohistochemistry. In glands of 3-day-old mice, it was difficult to dis-
criminate between positive staining, localized on acinar or ductal epithelial cells. For this rea-
son the results are described as positive staining in the parenchyma of the gland. At the age
of 5 and 20 weeks, a distinction between staining on acinar and ductal epithelial cells was
made. At 3 days of age, increased expression of Fas was observed in SMG of NOD and
NOD-scid mice as compared with control mice (C37BL/10) (Table 2). This difference was
more pronouncad at 5 and 20 weeks of age. when Fas expression was not detected in the
SMG of the C57BL/10 mouse. whereas in the NOD mouse, clear positive staining was
observed on acinar and ductal epithelial cells (Table 2, Figs. 3, A and B). On acinar cells of
NOD-sc¢id mice, intermediate level of Fas expression was detected at the age of 5 and 20
weeks. whereas on ductal cells. Fas expression was only observed at 20 weeks of age.

Expression of Fasl. was not detected in the SMG of the C57BL/10 mouse, at any age.
In the SMG of NOD and NOD-scid mice on the other hand, FasL expression was observed
at all ages (Table 3, Figs. 3. C and D). At 5 and 20 weeks of age, Fasl. was observed on aci-
nar and ductal epithelial cells, this expression was higher in NOD as compared with NOD-
scid mice. Bel-2 expression was detected in SMG of all mouse strains, from the age of 3 days
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Figure 3

Immunohistochemical detection of Fas and FasL expression in SMG of different mouse strains, at 5 weeks of
age. A.B: Expression of Fas in the SMG of the NOD (A) and C57BL/10 (B) mouse strains. C.D: Expression
of FasL in the SMG of the NOD (C) and C57BL/10 (D) mouse strains (¥250).

till 20 weeks on, but the expression level varied among the different mouse strains (Table 4).
Highest expression was found in the SMG of the NOD mouse, at all ages. Expression of Fas.
FasL and bcl-2 was also examined in the SMG of the BALB/c mouse. Results obtained in
this mouse strain were similar to results we found in C37BL/10 mice (results not shown). In
SMG of NOD mice, lymphocytic infiltrates were detected at the age of 20 weeks. Infiltrating
cells present within these infiltrates expressed high levels of Fas, FasL. and bel-2 (results not
shown), So, increased expression of Fas, FasL and bcl-2 was observed on SMG epithelial
celis of 3-day through 20-week-old NOD and NOD-scid mice as compared with age matched
control mice.

Fas and FasL protein expression in submandibular gland lysates

Lysates from SMG of 3 and 18-week-old NOD, NOD-scid and C57BL/1{} mice were
subjected to Western Blot analysis to study expression of Fas and FasL expression. At three
weeks of age, Fas expression was observed in SMG of all mouse strains (Fig. 4A). No major
difference was observed between the different mouse strains. Slight variations observed
among the different mouse strains are probably due to variation in the amount of protein,
loaded on the gel. A similar picture was observed at 7 weeks (results not shown) and 18
weeks of age, at which comparable levels of Fas expression were observed in SMG of all
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Table 2. Fas protein expression in submandibular glands of different mouse strains

Parenchyma Acinar epithelial cells Dauctal epithelial cells

3 days 5 weeks 20 weeks S weeks 20 weeks
NOD i+t “++ ++4+ + ++
NOD-scid i+ I+ + _ +
C57BL/O + - - - -

Table 3. FasL protein expression in submandibular glands of different mouse strains

Parenchyma Acinar epithelial cells Ductal epithelial cells

3 days 5weeks 20 weeks Sweeks 20 weeks
NOD + + ++ + ++
NOD-scid + /- + -f +

C37BL/1D - - - -

Table 4. Bel-2 protein expression in submandibular glands of different mouse strains

Parenchyma Acinar epithelial cells Ductal epithelial cells

3 days 5 weeks 20 weeks 5 weeks 20 weeks
NOD i+ ++ + + ++
NOD-scid i+ + + +i~ +/-
C57BL/10 +/- +- + -+ +-

c  C NS NS N-IgG1 N N N-BP

D 1gGn

c C NS NS '”N '-N . c NS ) N
IgG1

Figure 4

Western blot analysis of Fas (AB) and FasL (C.D) expression in SMG Iysates of NOD, NOD-scid and
C57BL/10 mice aged 3 weeks (A.C) and 18 weeks (B.D). C: C57BL/10, NS: NOD-scid, N: NOD. 1gG1: 1gGl
isotype control as primary antibody, BP: Preincubation of primary antibody with blocking peptide.
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mouse strains (Fig. 4B). No signal was observed when the anti-Fas antibody was substituted
by an isotype control antibody. In addition, preincubation of the primary antibody with a Fas
blocking peptide inhibited the positive signal, observed in the samples (Fig. 4A). Expression
of FasL. was found in SMG lysates of 3 and 18-week-old NOD, NOD-scid and C57BL/10
mice (Fig. 4. C and D). Again, no difference was observed between the mouse strains or
between the two age groups. Substitution of the primary antibody with an isotype control
resulted in absence of a positive signal (Fig. 4, C and D).

Quantification of Fas and Fasl. mRNA by RG-PCR

RQ-PCR was performed to examine and quantitate Fas and FasL. mRNA expression
in SMG of the different mouse strains. A standard curve was generated in each experiment in
which the threshold cycle was plotted against the starting quantity of input cDNA. This curve
was used to deduce the starting quantity of the individual samples, in arbitrary units. To stan-
dardize for the amount of RINA which was used in the reverse transcriptase reaction, values
obtained in experiments in which Fas or FasL expression was examined were divided by the
corresponding values for GAPDH expression. In Tables 5 and 6, the expression levels of Fas
and FasL (average of the two pools) in the different mouse strains. at different ages are men-
tioned. These levels are comrected for the amount of input RNA used to generate ¢cDNA. The
C, value (threshold cycle) is a measure for the amount of template in the sample. C, values
for Fas and FasL were high as compared to C, values for GAPDH (5-7 C, higher in case of

Table 5. Expression of Fas mRNA in submandibular glands of different mouse strains®

1 day 3 weeks 7 weeks 12 weeks I8 weeks
NOD 1.5 1.0 05 1.0 0.8
NOD-scid 1.2 1.1 0.9 0.7 0.9
C57BL/1C 0.9 1.8 0.7 0.3 0.5
BALB/c 0.9 0.3 0.6 0.7 0.8

*: Expression levels are corrected for GAPDH mRNA expression

Table 6. Expression of FasL mRNA in subrmoandibular glands of different maouse strains *

1 day 3 weeks 7 weeks 12 weeks 18 weeks
NOD 0 03 0.1 0.5 0.3
NOD-scid 0 0.3 0.1 ¢ 0.2
C57BL/10 0 0.4 0.3 v} 0.1
BALB/c 0 0 G C.1 0.5

*: Expression levels are comrected for GAPDH mRNA expression

Fas, 7-10 C, higher in case of FasL. with similar amounts of input ¢cDNA in the RQ-PCR
reaction), which means that 5 to 10 extra amplification cycli are needed in order to detect a
signal for Fas or FasL than the number of cycli needed to detect GAPDH.

It can be concluded that Fas mRINA expression occurs in alt mouse strains, from 1 day
through 18 weeks of age, albeit at low levels. Taken into consideration the variation among
the different age groups, and among the two control strains, no major differences are detect-
ed between the NOD and NOD-scid on the one hand. and the control strains on the other
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hand, at any age. Furthermore, between the individual mouse strains, no significant difference
in Fas mRINA expression is observed in time. Fasl. mRNA expression is absent in all mouse
strains at 1 day of age. At 3 and 7 weeks of age. expression is low in NOD. NOD-scid and
C37BL/10 mice. and still absent in BALB/c mice. Whereas in the NOD-scid and C57BL/10
mice, FasL. mRNA expression remains low at 12 and 18 weeks of age, in the NOD mouse it
is increased.

Discussion

In this study we demonstrated by immunohistochemistry increased expression of the
pro-apoptotic molecules Fas and Fasl. in SMG epithelial cells of mice of the NOD strain as
compared with control mice. This increased expression was already observed as early as three
days of age, and was not accompanied by increased numbers of apoptotic epithelial cells.
This may be due to the concurrent increased expression of the anti-apoptotic bel-2 on the sali-
vary gland epithelial cells, which was most obvious in the NOD mouse. Furthermore. the
final outcome of whether a cell undergoes apoptosis or not can be influenced by a list of fac-
tors that is ever increasing, of which we studied only three factors (29, 30).

A major concem of this study is that increased expression of Fas and Fasl. was only
identified by immunohistochemistry. Western Blot analysis of SMG lysates revealed Fas and
FasL expression in 3 to 18-week-old NOD, NOD-scid mice, and C57BL/10 mice, without
quantitative differences among the mouse strains. The discrepancy might be due to the pres-
ence of Fas and FasL protein in intraceliular cornpartments, not bound to membrane struc-
tures, whereas in NOD and NOD-scid mice. membrane expression does occur. In cytotoxic
T lymphocytes, it has been demonstrated that Fasl. mediated cytotoxicity. induced upon T
cell receptor mediated activation, could be blocked by an inhibitor of intracellular transport.
but not by inhibition of protein synthesis or DNA wanscription (31). Increased expression of
Fas has been observed on UV-B irradiated human peripheral blood lymphocytes, which was
not dependent on protein synthesis (32). These results imply the existence of preformed FasL
and Fas protein in the cytoplasm of cytotoxic T lymphocytes and peripheral blood Lympho-
cytes. respectively, which. upon activation by T cell receptor triggering or exposure to UV-
B. would be translocated to the cell membrane. This mechanism had already been proposed
for cytotoxic T lymphocytes before (33). Our results imply that it is particular on the level of
membrane expression of Fas and FasL that NOD and NOD-scid mice differ from C37BL/10
mice. In contrast, the production of Fas and FasL between the mouse strains would not be dif-
ferent, as indicated by equal mRINA expression and similar protein levels, detected by
Western Blot analysis. Membrane expression of Fas and Fasl. would not necessarily serve the
physiological function as to result in the induction of apoptosis, but may be the outcome of
dysregulated gene expression. resulting in activation of the cells. The nature of the signals for
such expression remains highly speculative. but could include dysregulated expression of
extraceliular matrix components and/or of enzymes capable of degrading these components.
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Loss of attachment to the extracellular matrix can result in apoptosis in many cell types, a
process named anoilis (34). In a2 human umbilical vein endothelial cell line (HUVEC), this
process has recently been demonstrated to depend on Fas ligation. Detachment of HUVEC
resulted in a three-fold increase in the cell surface levels of Fas (35). Although increased
mRNA expression was also observed, other mechanisms were not studied, thus not exclud-
ing that Fas protein, present in intracellular vesicles may be translocated to the cell membrane
upon activation. Interestingly. reduced expression of the matrix metalloproteinases MMP-2
and MMP-9 has been described in the SMG of neonatal NOD mice, an age at which mem-
brane expression of Fas and FasL was already observed. whereas expression of both enzymes
was increased at 3 weeks of age (36).

Kong er al described increased numbers of apoptotic epithelial cells in SMG of 18-
week-old NOD and NOD-scid mice as compared with contrel mice and suggested an impor-
tant contribution of apopicsis to the development of sialoadenitis (37). In glands of §-week-
old mice, similar numbers of apoptotic cells were detected. By immunohistochemistry and on
mRNA level, constitutive expression of FasL in both NOD, NOD-scid as well as in BALB/c
mice, aged 8§ and 18 weeks was described. Fas protein expression on the other hand was
restricted to SMG of 18-week-old NOD and NOD-scid mice. but Fas mRNA expression was
low. Our study does not support their findings. The reason for the discrepancy between their
and our results may reside in a different source of the antibodies, used for immunohisto-
chemistry. Furthermore, differences in housing conditions of NOD mice may influence the
outcome of experiments in different laboratories, although this is unlikely to result in major
discrepancies other than kinetics of the disease.

In conclusion, our results have important implications with regard to the potental role
of apoptosis in the development of sialoadenitis. Whereas a role of apoptosis in the effector
phase of sialoadenitis in the NOD mouse was suggested following the observations of Kong
2t al (37-39), our results do not support this. In addition, in our experiments we did not find
evidence for a role of apoptosis in the initiation phase of sjaloadenitis. We prefer the idea that
disturbed membrane expression of Fas, FasL and bcl-2. already apparent as early as 3 days
of age and contimuing till 20 weeks of age. may reflect a genetically programmed abnormal-
ity intrinsic to the SMG, as has been suggested for other abnormalities that were described in
the SMG of the NOD mouse (6). The abnommalities may be hallmarks of disturbed home-
ostasis of the NOD SMG, which may increase susceptibility to the development of siaload-
enitis.
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Neonaial aberrances of NOD submandibular glands

Abstract

Objectives. Salivary gland organogenesis was evaluated in NOD mice. an animal model for
autoimmune exocrinopathy. to determine when disease onset is first present in the target tis-
sues.

Methods. Submandibular glands were removed for histological, immunohistochermical. and
biochemical evaluation from neonatal NOD and congenic strains as well as healthy control
C57BL/6 mice.

Resulrs. Histomorphological analyses of neonatal submandibular glands, the primary target
for autoimmune exocrinopathy at 1 day posipartum, revealed delayed morphelogic differen-
tiation during organogenesis in autoirmmune-susceptible NOD mice when compared to non-
susceptible C57BL/6 mice. Acinar cell proliferation was reduced. while expression of Fas,
FasL. and bcl-2 were increased. Throughout the pre-weaning period (21 days) submandibu-
lar glands from NOD and NOD congenic strains demonstrated increased matrix metallopro-
teinase (MMP)-2 and MMP-9 activity. Substitution of two susceptibility alleles (/dd3 and
1dd5) in NOD mice resulted in an hierarchical and additive reversal of delayed organogene-
sis, elevated MMP-9 activity, and aberrant expression of parotid secretory protein (PSP).
Discussion. NOD-derived mice whose submandibular glands showed normal organogenesis
did not progress to develop autoimmune exocrinopathy. Altered organogenesis of target tis-
sue may therefore provide a cellular microenvironment capable of activating autoimmunity.

Introduction

The development of the submandibular glands involves the orchestrated expression of
extracellular matrix (ECM) molecules that direct the morphogenesis and cytodifferentiation
of the epithelium through the regulation of both proliferation and apoptosis. These events are
highly regulated and coordinated. both temporally and spatially (1-3). Full expression of
proper morphogenesis and cytodifferentiation is determined by the action of the matrix
degrading enzymes. the matrix metalloproteinases (MMPs), that remodel components of the
ECM (4-6). The various roles that collagens and specific MMPs (6, 7) play in the morpho-
genesis of the exocrine tissues are highlighted by the synthesis and deposition of type I and
type II collagens which are required for branching morphogenesis in the salivary glands (8-
10). In contrast, type IV collagen appears to play a role in the regulation of salivary gland
secretory cell differentiation (11).

Sjogren’s syndrome is a human autoimmune disease characterized by the loss of
exocrine function presumed to result from active lymphocytic destruction of salivary and
lacrimal glands (12, 13). In addition to the primary site of Sjdgren’s syndrome involving the
salivary and lacnmal glands. additional exocrine tissues may become involved including
skin, lungs, gastrointestinal tract. and vaginal tissues (12}, Diagnosis of the disease often
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includes the detection of peri-ductal foci of infiltrating Iymphocytic populations in the minor
salivary glands determined through the histopathological analysis of a labiat gland lip biop-
sy. Serological evaluations are used to identify the presence of rheumatoid factor, elevated
immunoglobulin levels and specific anti-nuclear antibodies to SS-A/Ro and §5-B/La (13).
Xerostornia (dry mouth) and xerophthalmia (dry eye) are assessed by specific tests for
changes in exocrine gland flow rates and biochernical changes in protein composition.

The etiology of autoimmune diseases, in general, has remained elusive despite signif-
icant effort to identify genetic, viral, and hormonal mechanisms of initiation and this remains
true for Sjégren’s syndrome (12, 13). The availability of an autoimmune murine model, the
NOD mouse and its congenic partner strain NOD.B10.H2%, two strains exhibiting a tempo-
ral lymphocytic infiltration of the exocrine tissues that correlates with loss of secretory func-
tion, has penmitted detailed stadies into the pathogenesis underlying Sjégren’s syndrome (14~
17). In addition. previous studies (18-20) in the congenic immunodeficient NOD-scid mouse
have provided evidence for the involvement of genetically programmed non-immune factors
contributing to the loss of differentiated fuonction or tissue homeostasis prior to onset of
detectable autoimmunity.

Although the scid mutation prevents the spontaneous development of both sialoadeni-
tis and dacryoadenitis in these mice, a number of biochemical markers of differentiated func-
tion are still diminished or aberrantly processed in exocrine glands in the absence of
detectable lymphocytic infiltration or loss of secretory function (18-20}. Elevated levels of
caspase and MMP activity accompany morphological loss of submandibular gland acinar cell
structures (19, 21). Aberrant proteolytic processing may generate cryptic antigens, priming
the immune system for an autoimmune response (22, 23). These studies. together with results
of studies involving other strains, e.g.. NOD.Ign™ 1! have led to the concept that autoim-
mune exocrinopathy in NOD mice progresses in two phases; an asymptomatic phase, in
which epithelial cells of exocrine tissues undergo dediiferentiation accompanied by elevated
activation of biomarkers for apoptosis, occurs between 8-12 weeks of age. and a second
phase, in which autoaggression is mounted against target organ autoantigens resulting in the
clinical presentation of loss of secretory function. taking place at 14-16 weeks of age (16, 18,
19, 24).

The salivary glands of mice are functionally immature at birth. During the first three
weeks of age. the salivary glands undergo further morphodifferentiation. acquiring the capac-
ity to express and synthesize salivary-specific gene products. Finally, there is a functional
coupling of the autonomic nervous system prior to weaning (25. 26). Since the physiologi-
cal and biochemical alterations in non-immune factors observed prior to onset of autoimmune
exocrinopathy resemble the functional status of pre-weaning organogenesis. we have evalu-
ated submandibular gland development in neonatal mice postpartum.
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Materials and methods

Animals

Neonatal mice at 24 hrs of age and subsequent times of 3. 8, 14, and 21 days were
obtained from the breeding of CD1. C57BL/6, BALB/c, NOD/Lt. NOD.B10.H2%, and
NOD.B10.H2%-s¢id. NOD B6Idd3, NOD.B10Idd5 and NOD.B61dd3.B10Idd5 mice were
used at 24 hrs, 3 weeks and 20 weeks of age. The NOD.B10.H2%-scid mouse was generated
by crossing the NOD-scid with a NOD.B10.H2% strain. The F1 heterozygous MHC and scid
loci were backerossed with the F2. screened by FACS cell sorting for T- and B-lymphocytes
isolated by a tail bleed and microsatellite typing of the homozygous H2% on the NOD back-
ground covering the D17Mit68 and D17Mit34 regions (27). All animal procedures were car-
ried out with the approval of the University of Florida Animal Welfare Committes.

Preparation of tissue for histolegical and immunchistochemical evaluation

Freshly excised neonatal submandibular glands were fixed in 10% phosphate-buffered
formalin. Additional tissue samples were taken for kidney, liver. pancreas. lung and heart.
Each tssue was embedded in paraffin, sectioned in 5 um thick sections, and stained with
hematoxylin/eosin (14). The stained sections were viewed by light microscopy at 200X mag-
nification.

For immunohistochemical detection of Fas. FasL and bcl-2, frozen sections were
placed on slides treated with 0.01% poly-L-lysine followed by fixation in methanol/acetone
at -20°C and acetone at room temperature (3 times for 5 sec for each wash solution). Slides
were incubated for 1 hr with primary antibody to Fas (Ab-1. Calbiochem, Darmstadt,
Germany), FasL (1:300, Santa Cruz, CA). and bel-2 (1:800. Santa Cruz, CA) followed by a
biotin-labeled goat anti-rabbit second antibedy conjugate (Biogenex. San Ramon, CA). The
slides were incubated with a peroxidase conjugated avidin/biotin complex (1:100, Strept
ABComplex, DAKO, Glostrop. Denmark). Development was performad by exposure to
0.01% di-amino-benzidine and counter stained with nuclear fast red. Sections were viewed
by light microscopy at 200X magnification.

Labeling indices (LI) for proliferation of epithelial cells was determined by the
intraperitoneal injection of bromodeoxyuridine (BrdlU} (50 mg/kg) two times at one hr inter-
vals prior to killing Submandibular glands were isolated. cleaned of connective tissue and
lymph nodes, embedded, and sectioned as above. BrdU incorporation was assessed by detec-
tion of an avidin-biotin complex of anti-BrdU antibody {1:200) coupled with a goat anti-
mouse secondary antibody (1:100 dilution). The slides were counterstained with hema-
toxylin for tissue contrast. The LI represents stained positive cells (acini and duct cells) rel-
ative to the total number of cells under view and are expressed as mean + standard error for
3 separate litters for each group. Statistical significance was determined by use of computer
software equipped with Student ¢ test analysis.
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RNA isglation and RT-PCR detection of ECM, MMP and salivary specific mRNA prod-
ucts

mRNA from a litter of pups was isolated using the Micro-FastTrack kit (Invitrogen,
San Diego CA). Copy DNA was synthesized from 1 pg of RNA in a standard 20 [l reverse
transcriptase reaction, and the PCR reaction was subsequently performed using the RT-PCR
kit (Perkin Elmer, San Francisco. USA). The amplification conditions were 94°C for 1 min.
53°C for 1 min, and 72°C for 3 min in a Biometra thermocycler for 25 cycles. The primer
sets used were as follows: B-actin. forward TGA AGG TCG GTG TGA AAA CGG ATT
TGG C. reverse CAT GTA GGC CATG AGG TCC ACC AC: EGF, forward TAA GCC GAG
ACC GGA AGT ACT, reverse AGT CTG TTC CAT CAA ATG CA: PSP forward ATG TTC
CAA CTIT GGA AGC C, reverse GAG GGC AAG TTG TAC CTG: fibrenectin. forward
CCG GGT TCT GAG TAC ACA GTC, reverse GGA GGG TCT CTT CAC CAG GGA; oV
integrin, forward CGC CAA GTT GCT TGC AGA TCA C, reverse ATC ACC AGC ACG
GTG GTG AAC: Collagen IV, forward GGA CAA GCA GGC TIT CCT GGA., reverse
GGG ACC GGA AGG ACC TGT CGT: TIMP-2. forward GAG CCA AAG CAG TGA GCG
AG, reverse GGT ACC ACG GCG AAG AAC CAT. Primer sequences were derived from
GenBank and analyzed using the pmimer generation program from MacVector (Kodak,
Rochester. NY). Primer pairs were synthesized by the University of Florida Oligonucleotide
Sequencing Core.

Densitometric analyses of band intensities was performed using an Hewlett-Packard
HP Hex flatbed scanner. coupled to a computer equipped with NIH image and Adobe analy-
ses software. The log ratio of band intensities within each lane was measured relative to the
intensities of B-actin controls. All values are expressed as the mean + standard error.

Measurement of MMP-9 activity in salivary gland lysates

Submandibular gland lysates were prepared from the pooi of glands isolated from a
liter of pups. The MMP-9 collagenase activity in neonatal submandibular glands was mea-
sured using a Chemicon (Temecula. CA) assay kit. Fluorescent activity was measured using
a Perkin Elmer LS-3B Fluorescence Spectrometer. A unit of activity is defined as mg of tis-
sue lysate required to cleave 1.0 ug FITC-labeled type IV collagen substrate/min., based on
the fluorescence intensity using 520 nm (Em) and 495 nm (Ex). Statistically significant dif-
ferences, relative to the MMP-9 activity of CD1 control mice are reported as p < 0.05.

Results

Histological analysis of salivary gland morphogenesis

To gain a better understanding of the genetically programmed factors regulating
neonatal salivary gland development, we evaluated glandular morphogenesis and cytodiffer-
entiztion, postpartum, in several strains of mice. These included BALB/c, CD1, C57BL/6,
NOD.B10.H2? and several NOD-derived strains exhibiting characteristics of primary and
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secondary autoimmune exocrinopathy (Sjégren’s syndrome) (28). Neonatal submandibular
gland morphology at day 1 postparnum revealed that NOD strains show more distinct septa-
tion of lobular structure than control straing of mice (Fig. 1A). The interlobular gaps of CD-
1 were not as prominent as in NOD mice. BALB/c and C57BL/6 mice had similar glande-
lar morphology to control CD1 (data not shown). H&E stained neonatal gland tissues (Fig.
1B) showed reduced acinar cell populations, wide connective septa, and less organized lob-
ules in NOD mice as compared to CD1 controls. Computer-assisted morphometric analyses
indicated a ratio of 9:1 acinar to ductal cells for control and NOD mice. However, the acinar
cell volumes were 17% to 28% greater in NOD.B10.H2% and NODYLLt, respectively, when

CD1 NOD/Lt NOD.B10. 2P NOD.B10,H20-scid

NOD.BE/dd3

e = Soung

Figure 1

Morphological differences in the neonatal submandibular glands of NOD mice. The submandibular gland
was identified by gross morphology in CDI and NOD congenic strains in mouse litters killed 24 hr after birth,
using a Zeiss dissecting microscope. BALB/c and C57TBL/6 mice were evaluated with morphology similar to
that observed in the CD1 mice. A. gross morphology of submandibular glands. Magnification. 100X. B,
detection of histologicat differences berween NOD congenic strains and control mice. C. H & E stained his-
tology of the kidney. a tissue free of autoimmune targeting in Sjdgren’s syndrome-like pathophysiology in
NOD mice. I and E. submandibular gland morphelogy of NOD congenic mice carrying the autoimmunity
resistance alleles of fdd3. Idd5 or the combination of Idd3 and Idd5 of C57BL mice (28).
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compared to CD1 mice (p<0.05). Ductal cell volumes were similar between the three strains.

To examine whether these differences are limited only to the submandibular glands,
other organs. such as kidney, heart, liver. spleen. pancreas. and thymus. from the same groups
were harvested and compared histologically at 1, 4. 8. 16. and 20 days of age. There were
no detectable strain specific abnormalities in any of these organs, as represented by the kid-
ney (Fig. 1C). However, similar ongoing stadies in the pancreas of NOD mice, which also
serves as a modei for type 1 insulin-dependent diabetes. has detailed differences in the islet
cell development during the neonatal period when compared to control mice (Pelegri et al.,
unpublished observations). Interestingly. the submandibular glands of NOD, NOD.B10.H2?
and NOD.B10.H2%-scid mice at an sarly age contained an unidentified mononuclear cell
infiltrate (CD11c and F4/80 negative). A similar population has been identified in fetal and
neonatal pancreas from humans and mice (29-32). Despite these early deficiencies, by eight
days after birth. the morphology of the submandibular gland was similar to the control strains
examined, and the infiltrates had disappeared.

Epithelial cell proliferation rates

To evaluate the possible differences in cell proliferation rates in submandibular gland
development of NOD and control mice. we investigated the incorporation of BrdU, a thymi-
dine analogue, into DNA of 1.day-old mice and examined glandular epithelial cells subse-
quently with immunohistochemistry. NOD/Lt and NOD.B10.H2?-scid had substantially
lower BrdU labeling indices than contrels (0.077 = 0.029 and 0.026 = 0.008, vs. 0.180 =
0.014: Table 1) suggesting a reduction in total cell proliferation rates in NOD strains (Fig. 2).
The scid mutation of NOD mice disrupts a DNA repair enzyme which may in part account
for the Tow rate of proliferation observed in the NOD.B10.H2%-scid mice. However, by one
week after birth, the rates of acinar cell proliferation were similar to control CD-1 and
C57BL/6 mice (Table 1).
Evaluation of factors involved in programmed cell death

TFable 1. Cell proliferation rates determined by BrdU labeling indicies*

(D1 NOD/Lt NOD.B10.H2%-scid
1 day 0.180 £ 0.014 0.077 £ 0.0292 0.026 £ 0.008°
7 Gay 0.367 £ 0.038 0.391 £ 0.49 0.307 £ 0.40

*The tissue area was divided into 4 guadrants for counting the number of Jabeled nuclei. All values represent the
mean % standard error for 3 glands, 2p<0.001 and Pp<0.0001.

Since programmed cell death (PCD) is an important mechanism in organogenesis {in
addition to proliferation), changes in this process may contribute to the development of
autoimmunity. To investigate the role of PCD dunng development of the submandibular
¢land postpartum, the expression of Fas, FasL. bck-2, and the presence of TUNEL™ glandu-
lar epithelial cells were analyzed in 3-day-old mice. The number of TUNEL™ cells was simi-
lar in NOD/Lt and control mice, indicating that there is no major difference in the number of
apoptotic cells between these strains of mice. Increased distinct staining patterns, detected
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Figure 2

Analysis of cellular proliferation rates of 1-day-old neonatal submandibular glands by BrdU staining. The
increased septation described for the NOD strains is again clearly visible at the two magnifications depicted
(160X and 320X). Replicating cells were stained using an alkaline phosphatase substrate followed by hema-
toxylin counterstain for tissue contrast. Note the structural differences evident in NOD strains with the pres-
ence of increased sepration of the lobules and disorganized acinar components of the lobular structures.

through immunochistochemical analyses of Fas, FasL., and bcl-2, were evident in 3~day old
NOD/Lt mice compared to control C57BL/6 mice (Fig. 3). Bel-2 was detected in most of the
ceils of the neonatal tissue for both strains. The staining pattern for FasL and Fas was con-
fined to basal cells of the ductal structures and other epithelial cells in NOD straing, while
very little staining was observed in C57BL/6 mice (Fig. 3).

The elevated levels of expression of molecules regulating apoptosis in NOD salivary
glands may represent an alteration in normal growth and differentation, The absence of
increased PCD. despite the expression of Fas and FasL, could be attributed to the elevated
expression of the survival factor bel-2. In an analogous sitmation, members of the bel-2 fam-
ily play an important role in overriding PCD in the developing mammary gland, suggesting
that these proteins are important in the development of exocrine tissues (33).

Expresion of developmental salivary-specific proteins

An assessment of epithelial cell cytological differentiation was performed using mark-
ers of salivary gland development. Epidermal growth factor (EGF). a product of the ductal
cells of the submandibular gland (14), as well as parotid secretory protein (PSP} (19, 20). a
product of the acinar cells of neonatal submandibular glands but whose expression is terrni-
nated in rodents by 5 days postpartum, were evaluated. Semi-quantitative RT-PCR for EGF
and PSP showed no significant difference in the steady state expression levels of mRNA tran-
scripts at the time of birth (Fig. 4 and results not shown). The steady state mRNA concentra-
tion for PSP in C57BL/6 and CD 1 mice (data not shown for this strain), as well as in NOD/Lt
mice, was reduced significantly in submandibular glands prepared from 3-week-old animals
relative to that detected in the neonates (Fig. 4). Normal expression of growth factors, such
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Fignre 3

Immunchistochemical staining for Fas, FasL and bel-2 in 3-day-old C57BL/6 and NOD/Lt mice (n = 10).
Similarly distributed increased distinct staining patterns are evident around the ductal epithelium of NOD
mice stained with Fas and FasE.. Bcl-2 appears to have increased staining over both the ductal and epithelial
cell structures. Arrows indicate staining around ductal structures in the tissue sections.

as EGF, may explain why nommal glandular structure is achieved by the end of 8 days of age
despite the retarded early growth pattern. The steady state mRINA expression levels of inte-
grins, the extraceilular matrix molecules (fibronectin and collagen IV}, and tissue inhibitors
of metalloproteinase (e.g., TIMP-2) were similar in NOD/Lt and C57BL/6 controls at 1 day
postpartum (results not shown). Similar steady state levels of PSP mRNA were detected in
CD1, C57BL/6 and NOD/Lt mice. Using Western blot detection of protein expression, both
C57BL/6 and NOD/Lt strains demonstrated the expected loss of PSP expression between 2
and 3 weeks of age (Fig. 5). Thus, re-expression of PSP in the submandibular gland in adult
NOD miice exhibiting autoimmune exocrinopathy (19, 20) may represent derepression of an
earlier developmental stage, and/or altered cell signals from the surrounding tissue microen-
vironment.

Expression of extracellular matrix and matrix degrading enzymes in salivary tissae

The retarded early development and loss of differentiated function of the salivary
gland of NOD mice could be explained by an alteration in the extracellular signals used by
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1 day (NN)

PSP

Figure 4

RT-PCR analysis of PSP mRINA expression in submandibular glands. Each reaction was performed on two
separate occasions with mRNA prepared from the pooling of submandibular glands from a minimom of two
litters of neonatal mice (78, 79). The housekeeping gene product B-actin was amplified as an internal conatrol.
Ag indicated, the top pane! represents the amplicons generated with RNA isolated from 1-day-old mice, while
the lower panel presents the amplicons generated from RNA isolated from the submandibular glands of 3-
week-old mice. Lane 1, C57BL/6 mice; lane 2, NOD/Lt; lane 3. NOD.B6/dd3; lane 4, NOD.B10/dd3; 1ane 5,
NOD.B6/dd3.B10/dd5. Molecular weights (M) are represented by a Promega 1 kb ladder.

cells to modulate proliferation and apoptosis (34-36). These typically are represented by cell-
matrix interactions (7, 37). Cell attachment to the ECM activates growth promoting signal-
ing pathways that are responsible for the anchorage requirement. The mRNA levels for two
basement membrane ECM molecules identified as important contributors to exocrine tissue
organogenesis appear to be normal (results not shown). An evaluation of MMP expression
revealed high levels of MMP-9 mRNA in neonatal glands from CD1 and C57BL/6 mice.
MMP-9 is one of the enzymes for which collagen IV is a substrate, (21. 38-40). Interestingly,
gelatinase activities of MMP-2 and MMP-9 were reduced in NOD/Lt, NOD.B10.H2% and
NOD.B10.H2%-scid mice as compared to CD1 and C57BL/6 mice (Table 2). However, while
the enzymatic activity declined in the controi CD1 and C57BL/6 mice over the first 21 days
of postpartum development, the gelatinase activity in the NOD congenic strains increased 2
to 3-fold (Table 2; p < 0.03).

Table 2. Evaluation of Type IV collagenase activity in salivary gland lysates

CDi NOD/ALt NOD.B10.42” NOD.B10.H2%_scid
1 day 0.72£0.43 0.37 £0.24* 033012 0.09 £ 0.022
14 day 0.32£013 0.86 £ .22 0.70 £ 0.242 ND
2lday 047 £0.19 261 +£1.14 3.16 £ 0.63 NE

The MMP-2 and MMP-9 collagenase activity in necnatal submandibular glands was measured using 2 Chemicon
(Temecula, CA) assay kit. A unit of activity is defined as 1.0 g FITC-labeled type IV collagen substrate degrad-
ed/min/mg gland lysate, based on the fluorescence intensity using 520 nm (Em) and 493 am (Ex). *Statistcally sig-
nificant differences. relative to the MMP-9 activity of CD1 control mice are reported as p < 0.03.
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Figure 5

‘Western blot detection of PSP in submandibular gland lysates. The Western blot profiles for PSP expression
in neenatal, 3-weeks, and 20-week-old mice (top. middle. and bottom panels. respectively) are presented as
indicated in the figure. Molecular weights (M) are 28.000 Da. soy bean trypsin inhibitor; 20,000 Da,
lysozyme (Bio-Rad}.

Control of morphogenesis and developmentzal gene expression is mediated by alleles on
chromesome 1 and 3.

Recently. evidence has been presented that autoimmune exocrinopathy is dependent
on two chromosomal regions: Idd3 and IddS genetic regions on chromosomes 3 and 1,
respectively (28). Replacement of Idd3 and fddS susceptibility alleles in NOD mice with the
non-susceptibility alleles derived from non-autoimumune control C57BI. mice, resulted in
substantial changes in the glandular morphology during the neonatal phase (Fig. 1. D and E).
Replacement of only the /dd3 allele (NOD.B6/dd3) had the least impact on correcting the
wide connective tissue septa and aberrant lobular organization of the acinar and ductal cells,
while replacement of both Idd? and Idd5 NOD alleles had the greatest impact. Replacement
of Idd5 alone showed an intermediate restoration of normal developmental patterns. As with
the NOD/Lt and NOD.B10.H2® congenic strains, NOD.B6/dd3, NOD.B10/dd5. and
NOD.B6/dd3.B101dd5 demonstrated normal expression of mRINA for EGF, collagen IV. inte-
gring, TIMP-2, and fibronectin (results not shown).

Interestingly, expression of PSP was strikingly different between the congenic NOD
strains. Replacement of the Idd3 susceptibility allele in the NOD background showed nor-
mal steady state levels of PSP mRNA in the neonatal mice (Fig. 4). At 2] days. as well as in
adult, very little if any protein was detected by Western blot (Fig. 5). In contrast, CD1.
C57BL/6, and NOD/Lt mice had very little PSP mRNA detectable by 3 weeks of age. which
correlated with the inability to detect the corresponding protein synthesis through Western
blot analysis. On the other hand. the NOD.B10/dd5> and NOD.B6Idd3. B10/dd5 congenic
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mice continued to express neonatal levels of PSP mRINA at 3 weeks of age as well as at the
time of onset of autoimmune exocrincpathy at 20 weeks. The unique NOD-specific PSP iso-
form (19) was present in glandular protein profiles of NOD.B10/dd5 at all three ages exam-
ined, whereas in the double congenic the normal isoform was synthesized at birth and 3
weeks of age. but was aberrantly processed at 20 weeks of age (Fig. 3).

Idd3 and Idd5 alleles alter gelatinase proteolytic levels in exocrine tissues.

The C57BL resistance alleles replacing the NOD 7dd3 and IddS susceptibility inter-
vals were capabie of altering the expression levels of gelatinase activity in necnatal and 21
day old submandibular glands. As presented in Figure 6, neonratal and 21-day-old
NOD.B6/dd3? mice had significantly clevated levels of gelatinase (MMP-2 and MMP-9)
enzyme actvity as compared to C57BL/6 control mice (p < 0.05 and p < 0.01, respectively).
This level of gelatinase activity for NOD.B6/dd3 was comparable to that observed in adult
NOD/Lt mice with onset of autolmmune disease (28). In contrast, NOD.B10/dd5 and
NOD.B6/dd3.B10Idd5 mice had patterns of gelatinase activity more consistent with the pat-
terns of expression observed with healthy control mice than the parental NOD/Lt strain (Fig.
6).

UNIT / 1 mg of protein
(]

B NN 3 wks NN 3 wks NN 3 wks NN 3 wks NN 3 wks

control NOD/Lt NOD.BE Jdd3  NOLLB10 Jdds NOD.Bs [dd3.
B10 idd%

Figure 6

Histogram of gelatinase activity in submandibular glands prepared from NOD/Lt and congenic strains using
neonatal (NN) and 3-week-old anirmals. Enzyme activity was determined as indicated in Table 2. *p<0.05;
*p<(.01 vs. control mice.

Discussion

Altered ECM observed in autoimmune exocrine tissue pathology.
Studies on immunodeficient NOD-scid mice indicate abnormal glandular homeostasis
in the absence of adaptive immune autoaggression and clinical symptoms (19, 20). To iden-
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tify intrinsic factors that may trigger Sjdgren’s syndrome-like disease in the NOD genetic
background mice, we compared neonatal submandibuiar gland cyto-and morpho-differentia-
tion in the disease free state among strains less than 24 hours after birth using histomorpho-
logic and biochemical analysis. Normal glandular morphogenesis in mice occurs during fetal
development (day E11} when groups of cells of the primitive oral epithelinm form focal chus-
ters. On day E12, the primitive gland develops a club-like appearance and branching mor-
phology, surrounded by a basement membrane. The full expression of the proper morpho-
genesis and cytodifferentiation appears to be modulated at this stage by the remodeling of the
ECM through the expression of type L type II. and type IV collagen, along with MMPs for
ECM degradation (9, 11. 41). Unbalanced expression of those molecules results in abnormal
gland development and loss of glandular homeostasis (11. 42). which is similar to observa-
tions in the glands of autoimmune disease-prone NOD mice.

Altered glandular homeostasis in human Sjdgren’s syndrome patients has also been
reported. Biopsies from patients show significant increases in laminin protein and steady
state concentrations of mRNA compared to normal control tissue (43). This suggests that
altered basement membrane expression is an carly event associated with salivary gland
pathology in Sjégren’s syndrome. Consistent with this hypothesis, elevated MMP-9 activity
in both Jabial salivary glands and saliva in patients indicates increased remodeling and/or
structural destruction of the basement membrane scaffolding in salivary glands (44. 45). Due
to the role of basal lamina as an important molecular sieve and in extracellular matrix sig-
naling, these pathological changes may contribute to the pathogenesis of the syndrome
through altered cell homeostasis and induction of apoptosis (Fig. 7).

changes in cell cycle

abnormal

apoptosis organogenesis

autoimmune
exocrinopathy

altered ECM
lurnover

altered gene/

exposure of Rotakoduls il
protein expression

cryptic antigens

Figure 7

Schematic representation of the potential global factors influencing organogenesis and alterations generally
leading to autoimmune disease.
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Responses of cell proliferation to changing ECM signaling

The low levels of cell proliferation detected in the NOD neonatal submandibular
glands by BrdU immunohistochemical detection is consistent with wide connective septa and
less compact lobule structures apparent in the tissue section histology. The cell cycle machin-
ery is composed of two core components, cyclin-dependent kinase {cdks) and cyclins.
Extracellular physiological signals, such as growth factors, cell-matrix interactions, or
cytokines, alter the expression of ¢yclins or cdk inhibitors. thus influencing the activity of
cyclin:cdk complexes. Intracellular signals, such as integrity of the cell’s own internal metab-
olism and its genome, are also important for the control of cell cycle, mediated by p33 and
p21. which may inhibit the cell cycle or activate apoptosis (46). Whether the disturbance in
cell proliferation in NOD mice is due to the intrinsic problems in the cell cycle unique to the
NOD mouse genome, or in the exogenous signals affecting the decision of the celis to pro-
Iiferate. differentiate, or undergo apoptosis needs to be further determined.

The observation that the earliest stages of organogenesis can be impaired in the off-
spring of women with diabetes suggest that abnormal metabolism disturbs embryogenesis. A
mouse strain with elevated glucose demonstrated disrupted expression of genes regulating
embryonic development and cell cycle progression, thereby causing premature cell death in
emerging organ structures and defective morphogenesis (47). However. using NOD.B10.H2%
congenic mice, which do not carry the predisposing diabetogenic MHC locus, and NOD-scid
mice, which elirunates the possible differences in glucose level or in maternal diabetogenic
TeG crossing over to the placenta, discount their influence on neonatal exocrinepathy.

Lower cell proliferation rate in the glands of NOD may link to altered MMP activity.

Lower than normal levels of MMP activity were detected in neonatal submandibular
glands from NOD mice. Clearly, this reduced activity influences the rate of ECM remodel-
ing taking place in both fetal and postpartom glandular development. This reduced activity
may interfere with normal proliferation by creating a barrier around the cells (Fig. 7).
Conversely, when cells are not proliferating efficiently, they may not up-regulate MMP activ-
ity to degrade ECM molecules for the proper signaling for proliferation, migration and dif-
ferentiation. This may contribute to alterations in the morphology of neonatal glands, which
in exocrine tissues results in less developed acinar lobules and wider connective septa com-
pared to normal mice.

Decreased MMP activity in NOD neonatal submandibular glands may be due to
decreased mRINA expression or stability, abnormal subcellular localization. or changes in
TIMPs affecting protein expression and their activity. respectively. The increase in MMP
activity at 3 weeks of age may be a consequence of ongoing abnormal organogenesis in the
glands or to the inflammatory response of activated macrophage and dendritic cells in these
tissues (48). Interestingly, the earliest infiltrating immune cells, the dendritic cells, accumu-
late in the submandibular glands of NOD and NOD-scid mice before the age of 5 weeks (49).
These cells are capable of interfering with epithelial growth and differentiation (50).
Increased matrix remodeling. indicated by an upregulation of MMP-9 enzymatic activity.
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might lead to early glandular homeostatic dysregulation, thereby establishing the basis for
agtoimmunity within the submandibular gland.

Aberrant MMP-9 expression and activity has been described in both the NOD mouse
and patients with Sjégren’s syndrome {21, 41. 44, 45). Elevated MMP activity has been pro-
posed to occur in the diseased tissue in association with epithelial cell replacement and main-
tenance of the acinar cell component of the exocrine tissues (21). Activation of the apoptot-
ic signaling cascade may result from induced changes in cell shape generated by MMP alter-
atons of ECM composition. The increased MMP activity therefore may be a cellular
Tesponse to re-establish the swrrounding microenvironment to resume epithelial cell differen-
tiated function and reverse apoptosis or encourage proliferative activity of the tissue (Fig. 7).
Clearly, further evaluation of embryonic organogenesis may provide evidence for this possi-
bility. Increased MMP activity may be related to disease progression or release of cell sur-
face receptors and cytokines, such as TNF-o or ECM-associated growth factors (51-55). The
induction of MMP-5 mRNA and proteolytic activity observed in a human salivary cell line
and in the saliva of Sjdgren’s syndrome patients has been proposed to arise as a consequence
of the presence of IFN-y (56) or TGF-., a cytokine involved in immunoregulation, embry-
onic development and wound healing (5).

Loss of attachment to the ECM causes apoptosis in many cell types (37). The surface
of apoptotic cells exhibit membrane blebs that contain potential autoantigens (22). Elevated
Fas and Fas ligand expression detected in the gland of NOD mice at 3 days of age by
immunchistochemistry may indicate alterations in normal growth and differentiation of the
glands. The absence of significant differences between control and NOD mice in DNA frag-
mentation detected by TUNEL staining, may indicate that there is a balance between regula-
tory mechanisms, such as elevated bel-2 expression. in the NOD gland that prevent cells from
undergoing irreversible cell death. Additionally. integrins (58) appear to play a major role in
conveying survival signals from the ECM by inactivating two pro-apoptotic proteins. Bad
and caspase-9, via focal adhesion kinase (FAK) activation. Integrins also regulate genes that
are irpportant for cell proliferation by induction of the AP transcription factor. In our study,
there were no significant differences in the steady state of integrin ¢, mRNA levels, a pro-
tein present in the basal lamina of ductal and acinar cells of the glands (59).

Genetic control of submandibular gland morphogenesis and autoimmune exocrinopa-
thy

Genes within the chromosome regions /dd3 and Idd5. appear to have an additive influ-
ence on adult onset of Sjogren’s syndrome-tike pathophysiology in the NOD background
(28). Backcross of Idd5 derived from NOD onto the genome of normal C57BL/6 mice ren-
ders an almost full expression of disease phenotype at 20 weeks of age. Replacement of chro-
mosomal intervals for 7dd3 and [dd5 derived from normal mice appear to lead to protection
from autoimmune disease. These included a less severe tissue pathology as reflected in
reduced caspase and gelatinase activity in the exocrine tissues. Simalarly. these genetic inter-
vals had a hierarchical effect on submandibular gland morphogenesis.
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Our neonatal study also supports the hypothesis that non-immune genetic components
may play an important role in the disease pathogenesis. The /dd3-derived interval from
C37BL/6 appears to alter PSP protein expression pattemns in the NOD background. However,
submandibular gland organogenesis as well as the biochemical and physiological pathology
associated with Sjégren’s syndrome-like disease of adult NOD mice was least influenced by
this region. Mapping of PSP to the Idd/3 region on chromosome 2 suggests that this gene is
not one of the primary auteantigens initiating agtoimmunity, but its expression may be regu-
lated by transacting regulators on chromosome 3. In contrast, in congenic NOD mice with the
ldd5 region derived from C57BL/10, PSP expression was not downregulated. and addition-
ally showed a proteolytic cleavage pattern throughout glandular development. MMP activity
in the NOD.B10/dd5 mice was downreguiated similar to expression patterns observed with
normal healthy mice rather than the parental NOD/Lt mice.

Morphological analysis of submandibular glands from the congenic mice with ldd3
and Jdd5 showed the similar gross morphology and almost normal lobular pattern of control
mice, although lobular structures were slightly more fragmented than in the controls sug-
gesting the importance of these two loci in autoimmune exocrinopathy and the possible con-
tributions of other genes on other chromosomes, Genes in the J/dd3 region, such as fibronectin
1. pro-collagen type TV alpha 3. cadherin 7. plasminogen activator inhibitor type I, micro-
tubule associated protein 2. ribosomal proteins, insulin-like growth factor binding protein 2
and 3, and cathepsin E, may play a role in abnormal organogenesis and subsequent genera-
tion of autoantigens that set the stage for autoimmune exocrinopathy. Recent studies suggest
that a number of ribosomal proteins have secondary functions, such as cell proliferation reg-
ulators and in some instances as induvcers of cell death, independent of their involvement in
protein biosynthesis (37). Insulin-like growth factor binding proteins (IGFBPs) may also play
a role in affecting cell growth. The addition of IFN-y and TINF-¢t in combination with IGF-I
to the salivary cell line HSG. enhanced the expression of IGFBP-3, -4, and -5, resulting in
increased cell growth (60).

Development of an autoimmune response no doubt relies on intrinsic and extrinsic cel-
lular events. Recent observations suggest that target organs are not merely passive targets of
autolmmunity, but intimate participants in the initiation of the pathogenesis (19. 20). From
the present studies, it is clear that, a potential link between tissue targeting by the immune
system and a specific aberrant development during the fetal and/or neonatal period has been
identified. This is not to say that the abnormal development, which ultimately affects the
physiological and biochemical events within these tissues, is the cause, but the correlation is
very interesting. The NOD mouse is well known to have several immunological defects,
including delayed maturation of the monocyte. C5-deficiency. and low NK cell activity, All
of these defects may contribute to the development and/or maintenance of autoimmunity in
this mouse strain. Furthermore, as outlined in Figure 7. organogenesis, as well as tissue
health, is dependent on the interactions of the ECM. cellular proliferation rates and protein
expressions, A shift in the homeostasis of these factors during organogenesis couid easily
promote the onset of an immunological attack.
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Chemokine expression in the NOD submandibular glands

Abstract

We have previously demonstrated that the development of sialoadenitis in the
nonobese diabetic {NOIY) mouse, which is a model for Sjégren’s syndrome. is preceded by
an influx of dendritic cells into the submandibular glands (SMG). As dendritic cells were not
detected in SMG of control mice, we proposed an important role for these antigen presenting
cells in the initiation of the antoimmune reaction. The signal, responsible for the accumula-
tion of dendritic cells is not known. As chemockines can influence the waffic of leukocytes.
we examined if they could be responsible for the attraction of dendritic cells into the NOD
SMG. Therefore. chemokine mRNA expression was studied in SMG of NOD, NOD-scid and
control mice by RNAse protection assay (RPA). This revealed the expression of MIP-1¢i.
MCP-1. RANTES, and eotaxin in SMG of these mouse strains from 3 through 18 weeks of
age. Furthermore, induced expression of IP-10 in SMG of NOD mice aged 12 weeks and
older was revealed. The protein and mRNA expression of MIP-1c, MCP-1, and RANTES in
SMG were also quantitatively analyzed. No differences were observed between the mouse
strains early in the disease process. Following the onset of sialoadenitis in NOD mice. expres-
sion of MIP-1c, MCP-1, and RANTES was increased. We conclude that the influx of den-
dritic cells into the NOD SMG. before the onset of sialoadenitis, is not due to altered expres-
sion levels of MIP-1c, MCP-1, or RANTES. The alterations in chemokine expression may
indicate. however, that these chemokines do play a role in the exacerbation of the autoim-
mune response. following the development of lymphocytic infiltrates.

Introduction

The nonobese diabetic (NOD) mouse strain is widely used as a model for Sjdgren’s
syndrome. an auteimmune exocrinopathy that is characterized by the development of lym-
phocytic infiltrates in the salivary and lacrimal glands (1). Concurrent with lymphocytic infil-
tration of these glands. a decreased secretory response is observed in NOD mice and in part
of the patients. In patients. this ultimately results in disease manifestations as dry eyes and a
dry mouth (2). Although the decreased production of saliva and tears has Jong been thought
to result from cytotoxicity excerted by celis of the lymphocytic infiltrates, either via the
induction of apoptosis or via the release of cytotoxic mediators, evidence for an autoantibody
dependent mechanism in this phase of the disease is now accumulating (3. 4). While the
insight in processes invelved in the late phase of the autoimmune process is increasing, still
little is known about the events that play a role in its initiation. Mouse models for Sidgren’s
syndrome enable studying this early phase of the autoimmune disease.

We have previously shown that the development of lymphocytic infiltrates in the sub-
mandibular glands (SMG) of NOD mice (sialoadenitis), observed from the age of 10 weeks
onwards, is preceded by an influx of dendntic cells into these glands, occurring between 2
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and 5 weeks of age (5). This influx occurred in part independent of the presence of lympho-
cytes (6), since it was also observed in NOD-scid mice, although to a lesser extent. In the
MRLApr mouse, another model for Sjégren’s syndrome, an accumulation of dendritic cells
into the SMG did not occur before the development of sialoadenitis. As dendritic cells are
unique in their ability to prime naive T lymphocytes and to initiate an immune response (7,
8), an important role for these cells in the initiation of sialoadenitis in the NOD mouse can be
envisaged .

The question evolving from these observations is, why do dendritic cells accumulate
in the SMG of NOD and NOD-scid mice? The cause of the accumulation may reside in the
dendsitic cell population, in the SMG, or both. Abnormal expression of chemoattractants by
glandular cells could result in the attraction of dendritic cells. In addition, a disturbed respon-
siveness of NOD dendritic cells to signals, normally produced within the SMG, may play a
role.

Chemokines are molecules that can tightly regulate the traffic of dendritic cells.
Immature dendritic cells express receptors that bind several inducible chemokines, such as
macrophage inflammatory proteins (MIP), monocyte chemotactic proteins (MCP) and
RANTES. Inducible chemolines are generally expressed at sites of inflammation, in contrast
to constitutive chemokines, which are mainly expressed in secondary lymphoid organs. Upon
maturation of dendritic cells, induced by antigen uptake or by exposure to inflammatory sig-
nals, the receptors for inducible chemokines are downreguiated, which is accompanied by an
increased expression of receptors for constitutive chemokines (9, 10). This change in
chemokine receptor expression pattern aflows dendritic cells to leave the site of inflammation
and to migrate towards the secondary lymphoid organs. where they may activate antigen-spe-
cific lymphocytes.

In this study, we examined the expression of chemokines. known to be chemotactic for
irnmature dendritic cells. in submandibular glands of NOD and NOD-scid mice of various
ages. This was done at the mRNA (RNAse protection assay; RQ-PCR) as well as the protein
level. The reason for using NOD-scid mice In addition to the NOD mice is that the former
lack functional B and T lymphocytes (6). C37BL/10 and BALB/c mice were used as control
strains. The chemokine expression at the various ages studied was carefully compared to the
appearance and accumulation of dendritic cells and to the development of lymphocytic infil-
trates and the onset of sialoadenitis. As the expression of chemokines can be induced by
proinflammatory cytokines (11-15), we also investigated the mRNA expression of IL-16. IL-
6, and TNF-¢t in SMG of the different mouse strains at the various ages.

Materials and methods

Mice and experimental design
Female NOD, NOD-scid, and C57BL/10 mice were bred in our own facilities under
specific pathogen-free conditions. Mice were fed standard pellets and water ad libitum and
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were maintained at 22°C +/- 1°C on a 12-hour light/ 12-hour dark cycle. Under these condi-
tions, the incidence of diabetes in NOD mice at 30 weeks of age was 90% in females and 30%
in males. Female BALB/c mice were purchased from Harlan (Horst, The Netherlands) and
housed under the same conditions. Mice, aged 3 weeks and older. were killed by asphyxia-
tion with carbon dioxide. Mice, younger than 3 weeks were killed by cervical dislocation.

RNA isolation

SMG were removed, homogenized in RNAzol *™ B (Campro Scientific. Veenendaal,
The Netherlands), and stored at -80°C until further processing. Total RNA was extracted from
these homogenates according to the manufacturers protocol. The vield and purity of the RNA
was determined by measuring the OD260 and OD280. Samples were prepared by pooling the
RIVA of three mice. Of each mouse strain, two pooled samples were prepared per age group,
which were used in consecutive experiments.

RNAse protection assay

A multi-probe template set (mCK-5, containing DNA templates for Ltn, RANTES,
Eotaxin, MIP-18. MIP-1¢, MIP-2, IP-10. MCP-1. TCA-3, 1.32, GAPDH) was purchased
from Pharmingen (San Diego. CA). This template set was used to synthesize the [0>2P]UTP
(3000 Ci/mmol. 10 mCi/ml, Amersham Life Science, Amersham, GB) labeled probes in the
presence of a GACU pool using a T7 RNA-polymerase, according to the manufacturers pro-
tocol. For generation of the probes and for the subsequent RINAse protection assay (RPA)
procedure, an iz vitro transcription kit and an RPA kit were used (Pharmingen). For each sam-
ple, 5 ug of target RNA was hybridized with the labeled probes overnight, which was fol-
lowed by digestion with RNAse A and T1. Subsequently, the samples were treated with pro-
teinase K. which was followed by phenol/ chloroform extraction and precipitation in the pres-
ence of ammonium acetate. The samples were loaded on an acrylamide/ urea sequencing gel
next to the labeled. undigested probe, and run at 50W under 0.5 x TBE. The gel was dried
under vacuum and exposed on Kodak X-AR film with intensifying screens at -70°C.

¢DNA synthesis

Target RNA (1 pg) was reverse transcribed using per reaction: SU AMV-RTase, 2 ul
10x concentrated AMV RT buffer, 1 1 20 mM dNTP mix, 2 u! 10 mM spermine/HCI, 1 ul
40 U/l RNA guard, 0.5 pl 100 OD/m] random hexamers, and 2 pi 100 ug/ml oligo(dT), 5.
This reaction mixture was adjusted with H,O 10 a total volume of 20 pl. incubated at 41°C
for 1 hour and stored at -8§0°C.

Primers and probes

PCR primers and fluorogenic probes for the target genes MCP-1, IL-16, and GAFDH
were designed using the computer program Primer Express. and were purchased from PE
Biosysterns (Branchburg, NJ). The oligonucleotide sequences of the primers, used for the
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detection of expression of these genes are: MCP-1 3", AGT AGG CTG GAG AGC TAC
AAG AGG:MCP-15".TTG AGC TTG GTG ACA AAA ACT ACA G; IL-13 3", CAA CCA
ACA AGT GAT ATT CTC CAT G: IL-1B8 5°. GAT CCA CAC TCT CCA GCT GCA:
GAPDH 3". TTC ACC ACC ATG GAG AAG GC; GAPDH 5, GGC ATG GAC TGT GGT
CAT GA. The oligonucleotide sequences of the fluorogenic probes are as follows: MCP-1,
CAC CAG CAG CAG GTG TCC CAA AGA A: IL-18, CTG TGT AAT GAA AGA CGG
CAC ACC CAC C: GAPDH, TGC ATC CTG CAC CAC CAA CTG CTT AG. The fluoro-
genic probes contained a reporter dye (FAM) covalently attached to the 5° end and a quencher
dye (TAMRA) covalently attached to the 3° end. Extension from the 3" end was blocked by
attachment of a 3’ phosphate group. For the detection of TNF-o, -6, MIP-la. and
RANTES mRNA expression, Pre-Developed Tagman® Assay Reagent kits were purchased
from PE Biosystems (Branchburg, NJ).

PCR amplification

PCR reactions were performed in the ABI-prism 7700 sequence detector, which con-
tains a Gene-Amp PCR system 9600 (Perkin Elmer/ Applied Biosystems, Foster City. CA).
Reaction conditions were programmed on a Power Macintosh 7200, linked to the sequence
detector. PCR amplifications were performed in a total volume of 25 pl, containing 2
cDNA sample (1 ul for GAPDH), 12.5 ul 2x concentrated Tagman® Universal PCR Master
Mix (PE Biosystems), and 900 nM of each primer (for MCP-1 and GAPDH detection). Each
reaction also contained 200 nM of the corresponding detection probe (for MCP-1 and
GAPDH detection). For the detection of IL-18 expression. 1200 nM of each primer and 250
nM of the detection probe were used. Primers and probes used for the detection of TNF-c.,
IL-6, MIP-1o., and RANTES were diluted 20 times, according to the manufactures protocol.
PCR amplification reactions were performed in duplicate wells, using the following condi-
tions: 2 min at 50°C and 10 min at 95°C. followed by a total of 50 two-temperature cycles
(15 s at 95°C and 1 min at 60°C}.

ELISA

Salivary gland lysates were prepared by homogenization of SMG in ice-cold Hank’s
buffer {Life Technologies, Paisley, United Kingdom) supplemented with Protease Inhibitor
Cocktail (Boehringer Mannheim, Mannheim, Germany). 1 tablet in 10 ml Hank's buffer.
Subsequently, salivary gland tysates {n = 4 to 11 mice/ age/ strain). were sonicated twice for
30 seconds and centrifuged at 10000¢. 4°C, for 10 minutes, after which the supernatant was
carefully removed. Protein concentration in the supernatant was determined using the Bio-rad
protein assay (Bio-rad laboratories, GmbH, Miinchen. Germany). Quantikine murine MIP-1¢x
and MCP-1 ELISA kits were purchased from R&D systerns (Minneapolis. MIN). and used,
according to the protocol, supplied by the manufacturer.

Statistical analysis
Protein levels, measured in submandibular glands were averaged per age group, per
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mouse strain. The differences between the means were evaluated by means of the Student’s
t-test. A p-value < .05 was considered statistically significant.

Results

Chemokine mRNA expression by RNAse protection assay

RINA from submandibular glands of NOD. NOD-scid, and BALB/c mice aged 3. 7.
12, and 18 weeks. was subjected to RNAse protection assay to study chemokine mRNA
expression. Two consecutive experiments were performed, and similar results were obtained
in both experiments. Clear expression of MIP-1o and eotaxin was detected in all mouse

Ln
RANTES
Eotaxin
MIP-18

MIP-1cx

MIP-2
[P-10

MCP-1

TCA-3

L32

GAPDH

Figure 1

Autoradicgraph of RNAse protection assay (RPA) on RNA, isolated from the submandibular gland of
BALB/c, NOD. and NOD-scid mice. Below the lanes, the age of the mice is given in weeks. An undigested
probe {P) was included to identify the protected bands in the samples, The chemokines examined with RPA
included lymphotactin (Ltn), RANTES, eotaxin, MIP-18, MIP-1c, MIP-2, IP-1G. MCP-1. and TCA-3.
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strains, in all age groups (Fig. 1). Other chernokines that were detected in the majority of sam-
ples included RANTES and MCP-1. Expression of RANTES was increased in SMG of 12
and 18-week-0ld NOD mice, but not in NOD-scid mice. Furthermore. in glands of 12 and 18-
week-0ld NOD mice, expression of IP-10 was revealed. which was absent in all other sam-
ples (Fig. 1). Messenger RNA samples of CS7BL/10 mice were also examined for chemokine
expression, and similar results were obtained as with BALB/c mice (results not shown),

Quantification of MIP-1a, MCP-1, and RANTES mRNA expression by RQ-PCR

To quantitate mRNA expression of MIP-1o, MCP-1, and RANTES in SMG, RQ-PCR
reaciions were performed. In each experiment. a standard curve was generated in which the
threshold cycle was plotted against the starting quantity of input cDNA. This curve was used
to calculate the starting quantity of mRNA expression of the individual chemokines in the
samples, in arbitrary units. To correct for the amount of input RNA in the reverse transcrip-
tase reaction, these values were divided by the comresponding values for GAPDH expression.
It is important to realize that, using this method to analyse the results. expression levels of the
individual chemokines c¢an not be compared with one another. In all mouse strains. MIP-1ex
mRNA expression was detected as early as at 1 day of age. No significant differences were
observed among the different mouse strains. Expression levels did not change significantly
until 7 weeks of age (results not shown). At 12 weeks of age, increased MIP-1oe mRNA
expression was detected in the SMG of NOD mice as compared with the previous time points
(Fig. 2A). This increase was neither observed in NOD-scid mice, nor in the two control
mouse strains. At 18 weeks of age, MIP-1c expression in the NOD SMG was decreased as
compared with the expression level at 12 weeks of age, but the level remained elevated as
compared with NOD-scid. BALB/c and C57BL/10 mice (Fig. 2A).

In SMG of 1-day-old mice, also MCP-1 mRINA expression was observed. In NOP and
NOD-scid mice, slightly increased levels were measured as compared with the control strains
(2.5 and 1.6 arbitrary units respectively, as compared with 1.1 and 1.4 arbitrary units in
C57BL/10 and BALB/c mice). At 3 weeks of age. this difference was no longer observed.
Interestingly. in all mouse strains decreased MCP-1 expression was observed at 7 weeks of
age (Fig. 2B). In NOD-scid and control mice, MCP-1 expression remained relatively low
whereas in NOD mice it was increased at 12 weeks of age. At 18 weeks of age. MCP-1
mRNA expression in NOD mice returned to the expression level observed in 7-week-old
mice. At this age, no significant differences among the different mouse strains were observed
anymore (results not shown).

In contrast to MIP-1¢t and MCP-1, RANTES was not expressed in SMG of 1-day-old
mice, but was first observed at three weeks of age. Messenger RNA expression levels
remained constant in time in all mouse strains, except for the NOD mouse, in which an ele-
vated expression was observed at 12 weeks of age (Fig. 2C). In SMG of 18-week-0ld NOD
mice. RANTES expression was decreased as compared with 12 weeks of age. The expression
levels among the different mouse strains were similar at that time (results not shown).
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Protein expression of MIP-1¢x and MCP-1 in submandibular glands

To examine whether mRNA expression of the chemokines MIP-1¢ and MCP-1 was
accompanied by their protein expression. and to quantify this expression, ELISA were per-
formed on SM@G lysates of mice, from 3 through 18 weeks of age. MIP-1¢ protein was detect-
ed in SMG of all mouse strains. and at all ages tested. Although at 3 and 7 weeks of age MIP-
1o levels were similar among the different mouse strains, significantly increased levels were
measured in NOD mice at 12 and 18 weeks of age, as compared with age-matched control
mice (Fig. 3A). When compared with NOD-scid mice, a significant increase was only
observed at 18 weeks. Interestingly, when the expression levels in individual mice were
examined. it was found that within the group of 12-week-old NOD mice two subgroups could
be distinguished, based on the MIP-1a levels that were measured in SMG lysates of these
mice. In one subgroup (7 of 11 mice). expression levels ranging from 101-194 pg MIP-
1c/100 mg protein were measured. whereas levels measured in lysates of the other 4 mice
ranged from 426-639 pg MIP-10/100 mg protein. A similar distinction could be made among
18-week-old NOD mice, although the differences were attenuated as compared with 12-
week-old NOD mice. In Fig. 3A, MIP-1c levels are expressed per 100 me total protein.
When the levels are expressed per 100 mg glandular tissue, to control for possible interfer-
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ence of vascular protein leakage in SMG in which lymphocytic infiltrates had developed, a
similar pattern was observed (results not shown).

MCP-1 protein was also detected in SMG of all mouse strains. from 3 through 18
weeks of age (Fig. 3B). In NOD and NOD-scid mice, but not in the control mice, a marked
decrease in MCP-1 was observed at 7 weeks of age as compared with the 3 weeks time point.
This decrease was statistically significant in both mouse strains (p = 0.003 and p = 0.004 in
NOD and NOD-scid, respectively). In NOD mice. this decrease was followed by increased
expression at 12 weeks of age. which was significant as compared to the 7 weeks time point.
This increase was not observed in NOD-scid mice (Fig. 3B). At 18§ weeks of age, the MCP-
1 levels in NOD mice were significantly increased as compared with age-matched NOD-scid
mice, but not when compared with control mice.
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Figure 3
MIP-1c (A) and MCP-1 (B) protein expression in submandibular glands of 3 through 18-week-old NOD.

NOD-scid. and control mice. Values are expressed as averages of 4-11 mice per mouse strain and per time
point, +/- SEM.

Quantitative analysis of IL-18, [1.-6 and TNF- mRNA expression

Messenger RNA expression levels of the proinflammatory cytokines IL-18. IL-6 and
TNF-¢: in SMG of the various mouse strains were examined by RQ-PCR. Expression of IL-
15 and TINF-ot was detected from 1 day through 18 weeks of age in all mouse strains. No
major differences were observed among the different mouse strains., and the expression
remained at a similar level when followed in time (results not shown).

Interleukin-6 mRNA expression was also detected in SMG from 1 day of age onwards.
At ] day and three weeks of age, the levels measured in the different mouse strains were sim-
ilar (Fig. 4). At 7 weeks of age decreased expression was observed in the NOD and control
mouse strains, but not in NOD-scid mice. An increase was observed in 12-week-old NOD
mice, which was not observed in the other mouse strains (Fig. 4). This expression level was
still present in the NOD mouse at 18 weeks of age (data not shown),
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Discussion

In submandibular glands of NOD mice (but not of control BALB/c and C57BL/10
mice), an influx of dendritic cells occurs before the development of a lymphocytic infiltrate,
suggesting that these cells pave the path for the sialoadenitis in the NOD mouse. The reason
for this accumulation of dendritic cells is not known. Since immature dendritic cells express
a specific combination of chemokine receptors, enabling these cells to respond to inducible
chemokines, altered expression of these chemokines in the SMG of the NOD mouse may be
responsible for the observed dendritic cell influx. By RNAse protection assay, we demon-
strated mRINA expression of the chemokines MIP-1¢, eotaxin, MCP-1 and RANTES in SMG
of all mouse strains investigated, as early as three weeks of age, the earliest time point includ-
ed in this experiment (Fig. 1). Expression of MIP-10o, MCP-1. and RANTES was further ana-
lyzed by RQ-PCR, and no significant differences in mRINA expression were found between
the different mouse strains until 7 weeks of age (Fig. 2). Furthermore, no major differences
in protein expression of MIP-1o and MCP-1 were found until 7 weeks of age (Fig. 3).
Therefore we conclude that the influx of dendritic cells, occurring in SMG of NOD and
NOD-scid mice between 2 and 5 weeks of age (3), is not due to an altered expression level
of the chemokines MIP-lo and MCP-1. However, since abnormalities may exist in the
expression and function of chemokine receptors on NOD dendritic cells. this does not
exclude a role for these chemokines in the accumulation of dendritic cells in the NOD SMG.

Recently, hyperactivation of NF-xB in response to various forms of stimulation has
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been described in dendntic cells of NOD mice (16). This defect was shown to result in
Increased expression of IL-12 by dendritic cells following stimulation. which was suggested
to provide a microenvironment in which Thl responses are favoured. Similarly. hyperactiva-
tion of NF-xB might, directly or indirectly. affect the expression of chemokine receptors.

Expression of MIP-1c, MCP-1, eotaxin and RANTES in SMG from an early age on
was not specific for NOD and NOD-scid mice, but was also evident in the control mouse
strains. It is possible that MIP-1a. MCP-1, and RANTES attract the resident macrophages,
that we have observed in SMG of all mouse strains (unpublished observations). Eotaxin can
bind to the CCR3 receptor expressed on eosinophils. basophils, mast cells and Th2 cells and
can thereby attract these cell types (17-20). Although eosinophils and Th2 cells have not been
described in non-diseased submandibular glands. we did observe significant numbers of mast
cells in SMG of NOD. NOD-scid and control mice (unpublished observations).

It is remarkable that the expression of the chemokines MIP-1q, eotaxin, MCP-1, and
RANTES is not accompanied by the development of an inflammatory infiltrate in glands of
control mice. This suggests that chemokines may also serve another role than the attraction
and activation of inflammatory leukocytes. Recently, it has become evident that several
chemokines {including MCP-1, MIP-1¢., RANTES and eotaxin) play a role in the regulation
of angiogenesis and extracellular matrix (ECM) deposition (21-26). As these are essential
processes in SMG development in the embryonic and neonatal stage of SMG development.
as well as in maintenance of gltandular homeostasis in the adult, a role for chemokines in these
processes can be envisaged. It is also of interest to note that. in contrast to MIP-1¢ and MCP-
I, RANTES mRNA expression was not observed in SMG of 1-day-old mice (Fig. 2). This
suggests that RANTES does not contribute to SMG organogenesis in the developing embryo.
but may influence glandular homeostasis later in life.

Although no differences were observed in chemokine expression among the different
mouse strains early in life. we did note a significantly increased protein expression of MIP-
i and MCP-1 in NOD SMG from 12 weeks of age onwards (Fig. 3). Furthermore, mRNA
expression of IP-10 was evident in 12 and 18-week-0ld NOD mice, while MIP-1¢., MCP-1.
and RANTES mRNA expression were increased at 12 weeks of age (Figs. 1 and 2). This may
influence the composition of the lymphocytic infiltrates. as the receptors for these
chemokines (CCR1, CCR2, CCRS. and CXCR3) are expressed on Thl cells (27). Indeed,
lymphocytes accumulating in NOD SMG during the development of sialoadenitis have been
described to exhibit the Thl phenotype (28-30).

The alterations in MIP-l1c, MCP-1. RANTES. and IP-10 expression in the NOD
mouse were due to the lymphocytic infiltrates. as they were not observed in NOD-scid SMG.
The increased chemokine expression may be due to the leukocytes, present in the inflamrma-
tory infiltrates or in the glandular parenchyma. or to glandular epithelial cells, exposed to
inflammatory mediators.

RANTES has recently been shown to induce the expression of a variety of chemokines
and cytokines in murine bone-marrow derived dendritic cells including MIP-10, MIP-18,
MIP-2, RANTES, IL-6. and TNF-¢¢ (31). This indicates that dendritic cells, present in SMG
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of NOD mice may as well be responsible for increased chemokine expression following
exposure to proinflammatory cytokines or chemokines.

The development of sialcadenitis in the NOD mouse hag been shown to coineide with
increased expression of a wide array of cytokines, including IL-18, TNF-c., and IFN-7y (28-
30). These cytokines can induce expression of MCP-1, MIP-1o., RANTES, and IP-10 in a
vadety of cell types. indicating that they may alse contribute to alterations in chemokine
expression observed in the SMG of NOD mice (14, 15, 32-38).

In summary, once lymphocytic infiltrates have started to develop in NOD SMG,
chemokines and cytokines are produced that may induce an amplification cascade, in which
tymphocytes, dendritic cells, and epithelial cells are involved, resulting in aggravation of the
autoimmune response. This would be consistent with studies of the minor salivary glands of
patients with Sjdgren’s syndrome, showing expression of MIP-18, MIP-1q., and RANTES in
the infiltrating lymphocytes and in glandular epithelial cells. Although the exact role of
chemokines in the development of Sjdgren’s syndrome remains to be established, their iden-
tification in the salivary glands of patients as well as in mouse models for Sjéigren’s syndrome
are suggestive for a role in the disease process.
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General discussion

Sjogren’s syndrome is an autoimmune disease in which a chronic inflammatory
process in a.0. the salivary and lacrimal glands is accompanied by dryness of the mouth and
eyes (1. 2). Knowledge of the mechanisms. thought to be responsible for the decreased pro-
duction of saliva and tears in Sjbgren’s syndrome has increased over the past years.
Mechanisms which have been postulated to be responsible for the induction of death of glan-
dular epithelial cells and the decreased secretory response include apoptosis and the release
of cytotoxic mediators by lymphocytes present in the infiltrates (3-8). However, evidence has
been put forward indicating that the decreased secretion does not correlate with the degree of
lymphocytic infiltration or glandular damage in the minor salivary glands (9, 10). Recent
studies suggest an important role for autoantibodies, directed towards the M3 muscarinic
acetylcholine receptor in the decreased secretory response (11-14).

Studies on the initiation of §jdgren’s syndrome have mainly focussed on the potential
abnormalities in the adaptive component of the immune system, which may lead to the recog-
nition of normal components of the exocrine glands and the induction of an autoimmune
response (13-19). However, it may well be that in patients with Sjogren’s syndrome glandu-
lar components, such as the epithelial cells, exhibit altered features, and are recognized as
‘non-self”. Furthermore, glandular epithelial cells may produce mediators that create a proin-
flammatory environment in which an {auto)immune response is prone to develop. This may
occur in the presence or absence of additional immune defects. The same may hold for other
resident cells within the gland, such as fibroblasts or macrophages. In the studies described
in this thesis. we investigated whether aberrances exist in the salivary glands which may con-
tribute to the initiation of the sialoadenitis. If such aberrances do cccur. this would suggest
that the exocrine glands are not just passive targets of the autoimmune response, but instead
could be active participants in the pathogenesis of sialoadenitis.

Most of the studies described in this thesis were performed in the submandibular gland
(SM@G) of the noncbese diabetic (NOD) mouse. as this enabled detailed analysis of the preau-
toimmune salivary gland. In this chapter, the results of the previous sections are discussed
and. when applicable. extrapolated to the human situation. Furthermore, suggestions for
future expertments are given.

Influx of dendritic cells prier to the development of sialoadenitis in the NOD mouse:
role in the initiation of sialoadenitis?

The development of auntoimmune sialoadenitis is characterized by the presence of
focal lymphocytic infiltrates in the SMG. which is most likely preceded by activation of
autoreactive lymphocytes. Dendritic cells are unique among the antigen presenting cells
(APC), in that they are the only cells, suited to activate naive T lymphocytes (20, 21).
‘Whereas immature dendritic cells have a capacity to phagocytose and process antigen,
increased levels of costimulatory and MHC class II molecules are expressed upon maturation,
enabling the cells to optimally present antigen to T cells (22).

In chapter 2, we demonstrated that the development of sialoadenitis in the NOD mouse
is preceded by an influx of dendritic celis into the SMG. This influx was in part lymphocyte
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independent. occurred between 2 and 5 weeks of age, and was not observed in C57BL/10 or
BALB/c roice. Similar observations have been done in the pancreas of the NOD mouse, in
which the development of insulitis was preceded by the accumutation of dendritic cells (23,
24). This accumulation correlated well with the expression of TNF-¢t, which has been shown
to be involved in the pathogenesis of diabetes in the NOD mouse (24). Also in other experi-
mental autoimmune models, an influx of dendritic cells into the target organ of the autoim-
mune reaction has been demonstrated to precede the development of lymphocytic infilirates
(25-28). In the BioBreeding (BB) rat model of autoimmune thyroiditis, this influx was fol-
lowed by cluster formation between dendritic cells, T lymphocytes, and B lymphocytes (25,
28). In an experimental autoimmune encephalitis (EAE) model, a close correlation was
observed between the immigration of dendritic cells into the central nervous system, the
mRINA expression of a dendritic cell specific MHC class Il transactivator (CIITA form I),
expression of MHC class 1I molecules, and the onset of disease (26). This correlation could
indicate a crucial role of dendritic cells in the initiation of EAE. The accumulation of den-
dritic cells in this model was preceded by a macrophage influx. As the influx of macrophages
was not accompanied by increased expression of MHC class 1T or of CIITA form IV, which
is indicative for APC activity of macrophages. 1t was suggested that these macrophages might
serve to attract dendritic cells by the secretion of chemokines (26).

The capability of dendmtic cells to indeed start off an autoimmune reaction was
demonstrated in several experiments. It was found that dendritic cells, expressing an immun-
odominant epitope of the lymphocytic choriomeningitis virus glycoprotein (LCMV-GP),
could induce diabetes in transgenic mice expressing the LCYM-GP under control of the rat
insulin promotor (29). Furthermore, splenic dendritic cells, pulsed with thyroglobulin in vitre,
or isolated from mice in which thyroiditis was induced, could induce thyroiditis in recipient
mice (30). Also in the development of EAE, dendritic cells, expressing an epitope of myelin
basic protein, were capable of initiating the autoimmune reaction (31).

In addition to a role of dendritic cells as APC for autoreactive lymphocytes. they may
also contribute to the development of an autoimmune response by the production of proin-
flammatory cytokines, thereby creating an environment in which an autoimmune reaction is
prone to develop. Recently. NOD dendritic cells were demonstrated to exhibit increased
activity of the transcription factor NF-xB (32). As NF-«B is an important regulator of proin-
flammatory cytokine expression (reviewed in 33), it can be envisaged that NOD dendritic
cells express increased levels of these cytokines, which may result in enhanced recruitment
and activation of leukocytes.

The early accumulation of dendritic cells into NOD-scid SMG demonstrated that the
dendritic cell influx could occur in the absence of lymphocytes. However, the number of den-
dritic cells present in SMG of S-week-old NOD-scid mice was smaller than in age-matched
NOD mice. Similar observations were done in the pancreas of the NOD mouse when com-
pared to NOD-scid (23). The explanation for these cbservations may reside in the reduced
function of NOD-scid APC, due to the absence of lymphocytes in this mouse strain. The
function of the dendritic cells as well as the phenotype of these cells is regulated by cross-
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talk with lymphocytes. Although the isolation of similar numbers of APC from NOD and
NOD-scid islets has been described. the capacity of NOD-scid islet APC to stimulate T cell
clones was weak when compared with the NOD islet APC (34). This indicates that dendritic
cells indeed depend on T cell derived signals in order to acquire the phenotype optimal for
antigen presentation.

In conclusion, the detection of significant numbers of dendritic cells in the NOD SMG
prior to the development of sialoadenitis may indicate an important role of these APC in the
initiation of sialoadenitis. In addition to their role in antigen uptake and presentation to
autoreactive T lymphocytes, aberrant function of NOD dendritic cells may as well play arole.
However, the mere presence of dendritic cells in the NOD SMG only provides circumstantial
evidence that the primary presentation of autoantigen is excerted by these dendritic cells.
Additional experiments are needed in which the exact role of these cells in the early phase of
sialoadenitis is addressed.

These experiments could include the isolation of dendritic cells from the preautoim-
mune NOD SMG. followed by the isolation and identification of the predominant peptide(s).
present in the MHC class I molecules. This approach has been followed to identify self pep-
tides. expressed on MHC class 1T molecules of MRL/lpr lymph node cells, and of NOD
splenic leukocytes (33, 36). After identification, this peptide could be generated in large
quantities, to be used for the immunization of young NOD mice in an attempt to influence
the development of sialoadenitis. In addition. SMG derived dendritic cells could be used in
co-culture experiments with T cell clones. generated from SMG of old NOD mice. These
experiments would not only elucidate the role of dendritic cells as APC in the initiation of
sialoadenitis, but could also help in the identification of the primary antigen(s).

Furthermore, it would be of interest to exarnine whether prevention of the influx of
dendritic cells into the NOD SMG could delay or prevent the development of sialoadenitis.
Actually, this may be hard to accomplish, since systemic administration of an antibody aimed
at preventing dendritic cell influx, most likely also influences dendritic cells at other loca-
tions, such as the peripheral lymphoid organs. that will affect the outcome of the experiment.

Aberrances in NOD neonatal SMG: basis for the development of sialoadenitis?

The accumulation of dendritic cells may be due to an intrinsic. genetically pro-
grammed abnormality in the NOD and NOD-scid SMG that results in disturbed glandular
homeostasis. Altered expression of a variety of proteins has been described in the SMG of
NOD and NOD-scid mice, before as well as following the onset of sialoadenitis, which may
contribute to the attraction of dendritic cells towards the SMG (37-40). However, most alter-
ations were observed in aged mice, suggesting that, although they also occurred in NOD-scid
mice - in the absence of adaptive immune autoaggression - a direct contribution of these aber-
rances to the attraction of dendritic cells before 5 weeks of age is unlikely. Stll, it can be
envisaged that altered protein expression in SMG of aged mice is the outcome of an under-
lying glandular abnormality, which may have developed earlier in life. perhaps even during
embryogenesis. and is directly responsible for the influx of dendsitic cells.
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For this reason. the abnormalities in neonatal NOD and NOD-derived SMG. described
in chapter 5, are of special interest. Reduced acinar cell populations, increased acinar cell vol-
umes, and reduced proliferation were observed. which was accompanied by an altered mor-
phology of the NOD neonatal SMG. These abnormalities were normalized by § days after
birth. Increased expression of the apoptosis related molecules Fas, FasL and bel-2 was
observed at three days of age, which continued to be elevated in SMG of NOD and NOD-
scid mice throughout life, as was described in chapter 4. Furthermore, whereas type IV col-
lagenase activity (matrix metailoproteinase (MMP)-2 and MMP-9) was reduced in SMG of
NOD and NOD denived mice at one day of age, significantly increased activity was observed
at three weeks of age when compared with control mice (chapter 3).

These observations indicate that abnormalities occur in NOD SMG from 1 day of age
onwards. Although some of these aberrances are normalized before the age of three weeks,
others are not. Abnormalities have also been demonstrated in the pancreas of neonatal NOD
and - to a lesser extent - NOD-scid mice. Pancreata of 1-day-old NOD mice have an increased
percentage of small islets of Langerhans, whereas the glucagon positive area in these islets is
increased when compared with C57BL/6 mice. It was suggested that these data could indi-
cate that at birth, NOD pancreata contain an increased percentage of immature islets of
Langerhans (41).

As dendritic cells have been demonstrated to be capable of acting upon metabolic
properties of endocrine cells (42, 43), it can be envisaged that their influx serves to influence
the metabolism of glandular components in an attempt to restore glandular homeostasis. In
the pancreas of the NOD mouse, hyperactive islets of Langerhans have been described.
before the development of lymphocytic infiltrates, that were primarily associated with the
accumulation of dendritic cells (23). Furthermore, isolated NOD islets contained increased
insulin levels as compared with control islets. Experiments in which NOD islets were cocul-
tured with NOD splenic dendritic cells resulted in the induction of insulin release from the
islets (thesis J.G.M. Rosmalen. Erasmus University Rotterdam). These experiments demon-
strate that NOD dendritic cells can influence the insulin producing B-cells. Although the
influx of dendritic cells may be aimed at normalizing glandular aberrances. defects in NOD
dendritic cells could perhaps result in exacerbation of existing abnormalities.

In addition to an influence on metabolic properties of epithelial cells, dendritic celis
and macrophages have also been postulated to influence interactions between mesenchymal
and epithelial cells during glandular development (44). Macrophages have actually been
shown to be involved in mouse marmmary gland development by regulating branching mor-
phogenesis (45). Altered activity of MMP-2 and MMP-9 during the first three weeks of life
can result in disturbed interactions between SMG epithelial cells and extracellunlar matrix
components, which dendritic cells, upon arrival in the NOD SMG. may also attempt to
restore. In conclusion, the appearance of dendritic cells in the NOD SMG before the initia-
tion of sialoadenitis may result from an intrinsic glandular abnormality. existing already at
birth, and perhaps even developing during embryogenesis.

Although the primary role of the accumulation of dendritic cells in the NOD SMG per-
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haps 1s to restore the glandular abnormalities. defects in NOD dendritic cells may account for
the opposite. Therefore, additional experiments delineating the cross-talk berween the glan-
dular components and the dandntic cells are indicated.

First, the presence of dendritic cells in SMG of NOD.B6/dd3. NOD.B106{dd5. and
NOD.B6ldd3.B10Idd3 congenic mice could be examined. In these strains, the diabetes sus-
ceptibility genes Idd3 and Idd5 are replaced by the corresponding intervals derived from
C57BL/6 and C57BL/10 mice. respectively. which was shown to influence the development
of sizloadenitis (46). Whereas trends of normalization towards the C57BL/6 phenotype were
observed in the sialoadenitis of NOD.B6/dd3 and NOD.B10/dd5 congenic mice, double con-
genic mice exhibited a significantly reduced pathophysiology as compared with the NOD
mouse. Aberrances in neonatal SMG were also reduced in the NOD.B6/dd3.B10ldd5 con-
genic mice. It would therefore be of great interest to examine whether restoration of the
developmentai pattern and the influence on the development of sialoadenitis are inversely
associated with decreased numbers and/or functional activity of dendritic cells, accumuiating
in the SMG. This would shed light on the influence of aberrances in SMG development on
the influx of dendritic cells. In any case, the molecular event(s). directly responsible for the
dendritic cell influx, still needs to be identified since aberrant development may influence the
expression of many factors that may attract dendritic cells.

Second, SMG epithelial cell cultures of NOD mice could be used to study the intrin-
sic properties of the epithelial cells. such as proliferation and expression and secretion of
mediators (including cytokines. chemokines. extraceilular matnx components, and ECM
degrading enzymes). This would enable comparison with epithelial cells of control SMG and
identification of factors that are abnormally expressed ir vitro. Subsequently, coculture
experiments of epithelial cells with dendritic cells. isolated from the spleen or from the SMG
of NOD mice should be performed to examine if dendritic cells could influence the proper-
des of the epithelial cells. This could also reveal whether the dendritic cell influx can restore
the glandular homeostasis.

Apoptosis is neither invelved in the initiation, nor in the effector phase of sialoadenitis
in the NOD mouse

Apoptosis has classically been regarded as a mechanism of physiological cell death.
not inducing an immune response. in contrast to cell death by necrosis. However, evidence
has accumulated suggesting that apoptosis may contribute to the initiation of (auto)immune
responses. The induction of apoptosis could result in the exposure of nuclear or cytosolic
antigens, normally not encountered by lymphocytes, or in the generation of cryptic antigens
via the activation of enzymes, activated following the induction of apoptosis (47, 48).
Furthermore, apoptosis has been described to induce maturation of dendritic cells, and the
release of pro-inflammatory cytokines by these cells (49). This may be mediated by the
release of genomic DNA, which has been shown to induce the maturation of macrophages
and dendritic cells (50). Under normal conditions. apoptotic cells are cleared with great effi-
ciency. and it has been suggested that an autoimmune response may only develop if defects
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in clearance occur, due to defective phagocytosis or increased apoptosis (51).

In chapter 4, we describe the presence of apoptotic cells in SMG of NOD. NOD-scid
and control mice before the development of bymphocytic infiltrates. Apoptotic cells were
detected in all SMG, and their numbers in SMG of 5-week-old NOD and NOD-scid mice did
not exceed those in control mice. In all mouse strains, we noticed an increased number of
apoptotic cells in glands of 3-day-old mice as compared with the mumber at 5 weeks of age,
which is likely to reflect extensive remodelling of the neonatal SMG, as this involves both
proliferation and apoptosis. Although these results do not support a role for apoptosis in the
inidation of sialoadenitis in the NOD mouse, we did detect increased expression of Fas, FasL,
and bel-2 in NOD and NOD-scid SMG as early as 3 days of age. The expression of bel-2 may
explain the absence of increased numbers of apoptotic cells. despite increased expression of
Fas and FasL.

In a human salivary gland epithelial cell line stably transfected with bel-2 or bel-X,
Fas mediated apoptosis was significantly inhibited (52). Despite the inhibition of apoptosis,
activation of caspase-3 was observed, and the cells were unable to respond normally to the
muscarinic acetylcholine receptor agonist carbachol. This indicates that, although the induc-
tion of apoptosis was prevented by anti-apoptotic molecules, the cells remained functionally
abnormal {52). If this also occurs in the SMG of the NOD mouse, this could contribute to the
decreased stimulated saliva production. However, a decreased secretory response has not
been observed in NOD-scid mice, suggesting that if the expression of Fas and FasL. in the
NOD and NOD-scid SMG would result in functional impairment of the epithelial cells, this
does not account for a major decrease in salivary secretion. It remains possible that activation
of caspase-3. although not resulting in apoptosis of the cell. may cleave particular cellular
substrates, leading to the generation of cryptic antigens. Therefore, it would be of interest to
examine levels of active caspase-3 in NOD and NOD-scid SMG.

Disturbed glandular expression of Fas, FasL, and bel-2 in the NOD SMG could result
from altered glandular homeostasis, the basis of which may already be present at birth. It may
be a primary defect, or occur secondary to another abnormality, such as increased expression
of matrix metalloproteinases, Although the function of Fas, FasL. and bcl-2 is usually con-
sidered within the context of apoptosis, it has previously been suggested that molecules,
involved in the regulation of apoptosis may exert functions beyond that of cell death. For
example, bel-2 has been shown to reduce the proliferation of thymocytes and delay the cell
cycle entry of mitogen-stimulated B and T lymphocytes, and of resting fibroblasts. a function
that could be separated from its anti-apoptotic effect (53, 54). Ligation of Fas on dendiritic
cells, which are resistant to the induction of Fas-mediated apoptosis. was shown to induce
their maturation and release of proinflammatory cytokines (55). Similarly, Fas on dendritic
cells or on epithelial cells in the NOD SMG., could induce activation of these cells and the
release of IL-1B and TINF-of upon ligation. Also in T lymphocytes, Fas-FasL interaction can
induce activation and proliferation. depending on the state of activation of the T cells (56).
Although speculative, this might occur in the NOD SMG once lymphocytic infiltrates have
developed. In summary, abnormal expression of apoptosis related molecules in NOD and
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NOD-scid SMG could be the outcome of altered glandular homeostasis. perhaps contributing
to the early phase of the autoimmune response through the activation of caspase-3. or through
the activation of SMG epithelial or dendritic cells.

When lymphocytic infiltrates had developed in the NOD SMG, numbers of apoptotic
cells were not increased in these SMG as compared with control mice, despite the presence
of activated T lymphocytes expressing FasL. A similar situation is found in thyrocytes of
patients with Hashimoto's thyroiditis (HT) and of patients with Graves’ disease (GD), which
were both shown to express Fas and FasL (57). Although HT thyrocytes were often apoptot-
ic, as demonstrated in thyroid sections, GD thyrocytes were not. Furthermore, isolated thy-
rocytes of GD patients were resistant to the induction of apoptosis. It was shown that the anti-
apoptotic molecules bcl-XI and ¢FLIP (Fas-associated death domain-like IL-1B-converting
enzyme-inhibitory protein) were upregulated in GD thyrocytes (57). Cytokines were demon-
strated to affect the expression of apoptosis regulatory proteins, indicating that the presence
of an inflammatory infiltrate may influence the susceptibility of cells to the induction of
apoptosis.

In patients with Sjgren’s syndrome, Fas-induced apoptosis has been regarded as an
important mechanism, responsible for the induction of damage to salivary gland epithelial
cells (3-5, 58). In addition, apoptosis was postulated to be responsible for the generation of
120 kD a-fodrin, an autoantigen in Sjogren’s syndrome (59). Also in the NOD mouse, evi-
dence has been presented suggesting that apoptosis is an important mechanism in the effec-
tor phase of sialoadenitis (60, 61). However, controversy remains on this issue, both in
patients with Sjégren’s syndrome, and in the NOD mouse.

Chemokine expression in NOD SMG: limited role in initiation, but contribution to exac-
erbation of sialoadenitis?

The traffic of dendritic cells is regulated by the coordinated expression of chemokine
receptors on their cell surface. While immature dendritic cells express receptors for inducible
chemokines. especially expressed at sites of inflammation, mature dendritic cells express
receptors for constitutive chemokines, expressed in peripheral lymphoid organs (62-64). In
chapter 6 we studied whether the accumulation of dendritic cells in the NOD and NOD-sc¢id
SMG could be the result of alterations in the expression of chemokines. No difference was
found in expression of MIP-1o, MCP-1, and RANTES in SMG of NOD. NOD-scid. and con-
trol mice before the development of lymphocytic infiltrates, thus not supporting a role for dif-
ferential expression of these chemokines in the attraction of dendritic cells. However, the
expression of other chemokines that can attract immature dendritic cells, such as MIP-18 and
MCP-3 (64), remains to be investigated. MIP-18 mRNA expression in SMG of the various
mouse strains was not revealed by RNAse protection agsay, suggesting that this chemokine
also does not contribute to the differential dendritic cell influx.

The expression levels of MCP-1 and MIP-]o may not be high enough to result in the
attraction of dendritic cells. since no dendritic cells were identified in the SMG of control
mice. The possibility remains that altered expression of chemokine receptors on NOD mono-
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cytes/ dendritic cells results in an increased responsiveness of the dendritic cells w the
expressed chemokines and the accurpulation of DC in the SMG. After exposure of NOD den-
dritic cells to IL-12, anti-CD40. or TNF-¢. increased activation of the transcription factor
NF-xB was observed when compared with control mice (32). Hyperactivation of this tran-
scription factor may, directly or indirectly, influence the expression of chemokine receptors.
Therefore it would be of great interest to compare the expression of chemokine receptors on
dendritic cells of NOD. NOD-scid and control mice.

Messenger RNA expression of MIP-1o. MCP-1, RANTES and IP-10 was altered fol-
lowing the development of lymphocytic infiltrates in the submandibular glands of the NOD
mouse {chapter 6). Increased mRNA expression of MIP-1ot and MCP-1 was accompanied by
increased protein levels, measured in SMG lysates. As an increased expression of these
chemokines was not observed in the SMG of NOD-scid mice. their expression is probably
due to the lymphocytic infiltrates. The expression pattem of these chemokines likely reflects
the predominant presence of Thl cells within the infiltrates. The Thl cells may themselves
be responsible for the alterations in chemokine expression. T lymphocytes in minor salivary
glands of patients with Sjdgren’s syndrome have been shown to produce MIP-18, MIP-1a.,
and RANTES (63). Lymphocytes infiltrating the lacrimal gland of the NOD mouse were
shown to express IP-10 and RANTES mRNA (66). Furthermore, Thl cells isolated from the
pancreas of the NOD mouse expressed MIP-1o, MCP-1. and low levels of IP-10 and
RANTES upon restimulation with anti-CD3 in vitre (67).

Next to chemokines, the infiltrating lymphocytes release cytokines such as TNF-o,
IL-18. and IFN-y, which may influence the expression of chemokines by cells surrounding
the lymphocytic infiltrates. Dendritic cells can also be responsible for the altered chemokine
expression as different stimull have been shown to induce expression of MIP-1a, RANTES,
and MCP-1 by these cells (68, 69). Detailed immunohistochemical studies need to be per-
formed to identify the various cell type(s), responsible for the production of the chemokines.

Regardless of the origin. the chemokines expressed in SMG of NOD mice follow-
ing the onset of lymphocytic infiltration can attract additional leukocytes. Leukocytes that
express receptors for MIP-1c. RANTES, MCP-1. and IP-10 include Thl cells. macrophages
and dendritic cells (70). This indicates that, once the lymphocytic infiltrates have started to
develop, they may directly or indirectly contribute to the attraction of additional lenkocytes
and influence the course of the autoimmune response. In the lacrimal gland of the NOD
mouse, the coordinate expression of RANTES. IP-10. and the receptors for these chemokines
on T cells, CCR1, CCR5, and CXCR3, provided evidence that these chemokines indeed con-
tributed to the selective recruitrnent of lymphocytes into the gland (66). The role of individ-
ual chemokines in the late phase of sialoadenitis can be examined by treatment of mice with
blocking antibodies to these chemokines. However, if the effect of such an expeniment would
be limited, this could be due to redundancy of the chemoking system. In that case, addition-
al experiments should be performed using combinations of antibodies to various chemokines
and/or chemokine receptors.
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Two types of sialoadenitis in two mouse models for Sjogren’s syndrome

When the development of sialoadenitis in the NOD and MRL/lpr mouse models was
studied in time, remarkable differences were observed (chapter 2. and Table 1). First, siaload-
enitis in MRL/lpr mice developed at an earlier age as compared with the NOD mouse.
Second, the lymphocytic infiltrates developed in the MRL/lpr SMG in the absence of a pre-
ceding influx of dendritic cells. Third, whereas the lymphocytic infiltrates in the NOD SMG
gradually organized. infiltrates in the SMG of MRI/lpr mice were organized at time of first
appearance, and this organization was lost over time, Loss of organization of the infiltrates in
the MRL/Ipr SMG was accompanied by invasion of the glandular parenchyma. Fourth, the
infiltrates in the MRL/lpr SMG contained high numbers of BM8* macrophages, while these
cells were less frequent in NOD SMG.

Table 1. Histopathological featares of sialoadenitis in NOD and MRL/lpr mice

NOD mouse MRL/lpr mouse
First appearance of infiltrates 10 wecks 5 weeks
Influx of dendritc cells prior to Yes. between 2-5 weeks of age No
development of focal infiltrates
Organized lymphocytic infiltrates
- at first appearance No Yes
- at 20 weeks Yes Ne
Appearance of Iymphocytic infiltrates Focal, well defined Invading the surrounding
at 20 weeks glandular parenchyma
Presence of BMS8™ macrophages Thin rim arcund the infilrate Thick rim around the
infiltrates, and within the
infiltrates

These two patterns of sialoadenitis development remarkably resemble the differences
reported between the development of insulitis in the spontanecus NOD model and the
BDC2.5 TCR transfer model (71). In the latter model. transfer of the diabetogenic CD4* T
cell clone BDC2.5 to young (< 3 weeks) NOD mice resulted in the rapid and simultancous
accurnulation of APC and lymphocytes, whereas in the untreated NOD mouse, the infiltra-
don of lymphocytes was preceded by a dendritic cell influx. In the transfer model. the
development of insulitis and diabetes occurred with accelerated kinetics and was accompa-
nied by extensive infiltration of BM8* macrophages, Furthermore, the infiltrates that devel-
oped did not show any structural organjzation. It was suggested that in the NOD BDC2.5
TCR transfer model, an increased frequency of autoreactive lymphocytes is present as com-
pared with the spontaneous NOD model. These lymphocytes would perhaps not require acti-
vation in the pancreas draining lymph node by APC loaded with pancreas derived antigen,
which could explain the development of insulitis in the absence of a preceding influx of den-
dritic cells (71).

The presence of a significant number of T lymphocytes in the SMG of 1-week-old
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MRL/lpr mice may indicate a similar scenanio in the SMG of the MRL/Ipr mouse. It can be
envisaged that, due to the Ipr mutation, a high percentage of autoreactive lymphocytes is
present in the periphery. which are directed to an autoantigen also present in the SMG. but
not primarily SMG derived. Activation of these autoreactive T cells would not be restricted
to the SMG draining lymph node, and could therefore occur in the absence of antigen pres-
entation by SMG derived APC. This would then result in the development of slaloadenitis
which is not preceded by the accumulation of dendritic cells.

The presence of BM8™* macrophages during the development of insulitis correlated
with a rapid destruction of B-cells (71). The infiltrates. present in the SMG of MRL/lpr mice
invaded the surrounding glandular tissue, and were not demarcated, as observed in the NOD
SMG. Furthermore, epithelial cells in the vicinity of the lymphocytic infiltrates appeared
damaged, suggesting that a destructive type of sialoadenitis occurred in the MRL/1pr SMG.

The presence of BM&* macrophages could serve several purposes. First, it is possible
that these cells induce damage to the SMG epithelial cells. Second, their presence might serve
to remove cellular debris of damaged glandular epithelial cells. Third, following the initiation
of sialoadenitis, they could, perhaps in the process of removal of damaged cells, take up anti-
gen and present this to autoreactive lymphocytes in the draining Iymph nodes. This could lead
to antigen spreading and aggravation of the autoimmune response. However, as high numbers
of autoreactive lymphocytes may be present in the MRL/lpr mouse, it can be imagined that,
similar to the initiation of sialoadenitis, aggravation of the autoimmune response occurs inde-
pendently of additional antigen presentation in the SMG draining lymph node.

The difference observed in the degree of organization of the lymphocytic infiltrates in
the SMG of both mouse models could be due to the source of the autoantigen{s) in both
mouse strains. In the NOD mouse, in which the development of sialoadenitis is accompanied
by characteristics of organ-specific antoimmune disease as opposed to the MRL/Ipr mouse.
showing characteristics of systemic antoimmunity, continued retease of antigen from the sali-
vary glands may result in the development of structured infiltrates. Repetitive injections of
dendritic cells. loaded with an immunodominant epitope of an antigen transgenically
expressed in the pancreas of a mouse model for diabetes, resulted in the development of
organized Iymphoid structures in the pancreas (29). This suggests that, if SMG derived anti-
gen is continuously released, this could result in the formation of organized infittrates.

In the MRL/lpr mouse on the other hand, the source of the primary autoantigen may
be elsewhere in the body than in the salivary gland. Aggravation of the autoimmune response
may not be the result of the release of antigens from the salivary gland. Instead. it may be due
to uncontrolled activation of autoreactive lymphocytes in the course of the systemic autoim-
mune response occurring in this mouse strain. Although in this scenario activation of autore-
active lymphocytes is postulated to occur mainly in secondary lymphoid tissues. evidence has
recently been presented suggesting that regulation of autoreactive cells in MRL/pr mice also
takes place in the target tissues themselves. It was found that MRL/lpr mice. deficient in B2-
microglobulin, suffered from accelerated skin disease whereas nephritis was ameliorated
(72). Regulation of the autoimmune response at the level of the target organ, perhaps also
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occurring in the SMG, may explain this divergent effect in skin and kidney.

Patients with Sjdgren’s syndrome can suffer from a variety of disease manifesta-
tons., depending on the involvement of other orzans mn addition to the salivary and lacrimal
glands. Moreover, it may occur in the presence or absence of an additional autoimmune dis-
case, such as rheumatoid arthritis or systemic lupus erythematosus. The list of factors impli-
cated in the pathogenesis of Sj8gren’s syndrome is long, suggesting that different patho-
genetic processes play a role in the initiation and effector phase of the disease. The involve-
ment of pathogenetic factors may vary from patient to patient, as do the disease manifesta-
tions.

The development of sialoadenitis in the NOD and the MRL/lpr mouse models proba-
bly represent two different pathogenetic mechanisms. The type of sialoadenitis developing in
the NOD mouse may predominantly reflect an organ-specific autoimmune process, in which
the primary antigen resides in the exocrine glands. Similarly, the development of sialoadeni-
s in patients with the NOD-type sialoadenitis is structured, and not accompanied by destruc-
tion of glandular tissue. Instead, anti-M3 muscarinic acetylcholine receptor antibodies may
be present in these patients. mediating a decreased secretory output.

The sialoadenitis in another group of patients has similarities with the MRL/lpr mouse
model. These patients suffer from other autoimmune manifestations, and the primary antigen
may be general, such as antigens released by cells dying from apoptosis. The development of
sialoadenitis is unstructured, and accompanied by destruction of glandular tissue induced by
apoptosis or through the release of cytotoxic mediators from inflammatory cells. Despite
parenchymal destruction, a decreased secretory response is not observed in the majority of
these patients. until glandular destruction has severely progressed.

Interestingly, the existence of two pathogenetic mechanisms in Sjdgren’s syndrome
has recently been proposed by others. Stimuli from the epithelial cells were placed central in
the activation and retention of lymphocytes in one mechanism, whereas in the second mech-
anism. dysregulation of systemic T cell homeostasis was proposed to enhance the ability of
activated circulating lymphocytes to migrate into the salivary glands (73).

It would be of interest to compare the development of sialoadenitis in more mouse
models for Sjogren’s syndrome, as each model may well represent only a subgroup of
patients, and the existence of other types of sialoadenitis can be envisaged. This might offer
great insight into the different types of sialoadenitis and the underlying pathogenetic mecha-
nisms. Furthermore. it would increase insight into mechanisms responsible for clinical dis-
ease manifestations in different patient groups., which could ultimately result in the
development of subgroup specific therapeutic strategies.

Macrophages and dendritic cells are normal compenents ¢f human minor salivary
glands

Salivary gland epithelial cells have been suggested to actively participate in the imti-
ation and perpetuation of the antoimmune reaction. The celis were found to express HLA-DR
molecules and proinflammatory cytokines (74-78). Furthermore, the expression of the cos-
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timulatory molecules CD30 and CD86 on the epithelium has been described (79, 80). It was
proposed that interaction of costimulatory molecules on the epithelial cell with CD28 on the
T cell, occurring simultaneously with antigen presentation in HLA class II molecules on the
epithelial cells, could result in activation of the autoreactive T cells. In this scenario, the
epithelial cells would function as non-professional APC.

'We have demonstrated the presence of professional APC (RFD7* macrophages and
L25% dendritic cells) not only in minor salivary glands in which a lymphocytic infiltrate was
present, but also in noninfiltrated glands {chapter 3). RFD9" macrophages and CD1a™ den-
dritic cells were specifically detected in minor salivary glands infiltrated by lymphocytes.
Dendritic celis are capable of activating naive T lymphocytes (20, 21), in contrast to non-pro-
fessional APC. Therefore, a role for dendritic cells, but not for epithelial cells, in the initia-
tion of sialoadenitis can be envisaged. Moreover, as epithelial cells can only contact T Iym-
phocytes that may coincidentally infiitrate non-diseased giands, the chance of interaction
with an autoreactive T lymphocyte is probably too low for such an event to occur.

The RFD7* macrophages may well represent a resident macrophage population, serv-
ing to remove debris from the glands. In a later phase of the autoimmune process these cells
may also play a role in the reactivation of autoreactive T lymphocytes that have already
encountered antigen. Once lymphocytic infiltrates have developed and inflammatory media-
tors are produced in the glandular environment, the expression of HLA class IT and costimu-
latory molecules can be induced on glanduiar epithelial cells. Subsequently. the epitheliom
(in addition to the macrophages and dendritic cells) may contribute to deterioration of the
autolmmune reaction by presentation of antigen to already activated T lymphocytes that have
infiltrated the gland, sustaining their further T cell activation and proliferation in siz.
Salivary gland epithelial cells. expressing CD86. were found capable of providing
costimulation to CD4* T cells. leading to proliferation of the latter cell type. CD86 was
shown to preferentially interact with CD28 and not with CTLA-4. and an important regula-
tory role of the epithelial cells in local immune responses in the salivary gland was proposed
(81). However. the observation that CD8O and CDS86 were only expressed on glandular
epithelium of patients with severe sialoadenitis suggests that epithelial cell mediated antigen
presentation may only occur in the progressive stage of sialoadenitis (80).

The presence of RFD9* macrophages and CD1a* dendritic cells in minor salivary
glands in which a lymphocytic infiltrate is present may be of help in the histopathological
diagnosis of sialoadenitis. Inadequate scoring of the minor salivary gland biopsy is a problem
encountered in our study and also described by others (82). As dendritic cells and
macrophages were detected, diffusely distributed in minor salivary glands in which a lym-
phocytic infiltrate was present, their detection may be easier for the pathologist than the
detection of focal infiltrates, which can be easily missed in a minor salivary gland section.
Therefore, we propose that a well-controlled investigation on the presence of RFD9*
macrophages and CD1la™ dendritic cells in a large cohort of patients may be worthwhile to
assess the potential contribution of these cells to the histopathological diagnosis of Sjdgren’s
syndrome.
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Development of sialoadenitis in the NOD mouse: from initiation through effector phase

Aberrances in the NOD SMG and the immune system may both contribute to the
development of sialoadenitis (Fig. I). Abnormalities early in Iife, possibly already occurring
during organogenesis, may ead t¢ an influx of dendrtic cells into the NOD SMG, in an
attempt to restore glandular homeostasis. In the pancreas of the NOD mouse, the close asso-
ciation between the accurnulation of dendritic cells and macrophages and the presence of
hyperactive islets of Langerhans is indicative for the potential of dendritic cells to influence
the metabolism of these cells (23, 42, 43}, A simular role for dendritic cells in the NOD SMG
can be envisaged, since several abberances have been described in neonatal NOD SMG.
‘While some of these disturbances were normalized at 1 week of age. others remained abnor-
mal. such as the increased expression of MMP-2, MMP-9, and the apoptosis related mole-
cules Fas. FasL and bcl-2.

Although expression levels of chemokines, capable of attracting immature dendritic
cells (MIP-1¢, MCP-1) in SMG of 1-day through 7-week-old NOD mice were similar when
compared with age-matched control muce. aberrances may exist in the expression of
chemokine receptors on NOD dendritic cells. Therefore, a role for chemokines in the accu-
mulation of dendritic cells in the NOD SMG cannot be ruled out. Following the influx of den-
dritic cells into the SMG. they may be induced to mature by cytokines such as IL-16 or TNF-
¢ These cytokines are known for their capacity to induce maturation of dendritic cells (83.
84). As a result. antigen acquired in the SMG can be retained, processed and presented to
autoreactive T lymphocytes in the draining lymph nodes, In the lymph node, significant
numbers of autoreactive lymphocytes may be present, which have accumulated there due to
fatlure of central or peripheral tolerance mechanisms.

Abnormalities in the thymus of NOD mice may result in defective central tolerance.
Changes in the thymic microenvironment have been demonstrated, such as increased perivas-
cular spaces and alterations in the thymic epithelial network (85, 86). It has been demon-
strated that a subset of immature thymocytes (CD4~1°CD8™) in the NOD mouse displays
decreased proliferation as compared with the C57BL/6 mouse. This was linked to the dia-
betes susceptibility locus Idd6. suggesting that it could also effect diabetes pathogenesis (87).

The contribution of thymic selection to the development of autoimmune responses in
the NOD was demonstrated in experiments in which transplantation of NOD thymic epithe-
lium to nude C57BL/6 mice resulted in the development of insulitis and sialoadenitis in the
recipient mice (88). It should be emphasized that the recipient mice were 10-22 months of
age at sacrifice. while the presence of inflammatory lesions has been described in multiple
organs of 6-month-old C57BL/6 mice (89). Similar findings were cbserved in other mouse
strains in which the MHC class IT gene I-E was defective, when examined at 8 months of age
{90). This indicates that, although the NOD thymic epithelium likely contributes to the
development of autoimmune lesions in the C57BL/6 mouse strain, other C57BL/6 derived
factors probably also add to the development of autoimmune responses in the recipient mice
(88).

It has been reported that peptide-binding properties of NOD-specific I-A£7 MHC
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Figure 1
Aberrances in the NOD SMG and the immune system may both contribute to the development of sialoadeni-
ds (explained in text).

class II molecules are poor, resulting in a short half-life of the MHC class I-peptide com-
plexes (91). Furthermore. class II-associated invariant chain peptides (CLIP), which are com-
plexed with MHC class I molecules until displaced by antigen-derived peptides, were pres-
ent on an increased percentage of NOD B cells as compared with B cells from control mice.
This was suggested to result from the low affinity of the MHC class II molecules for peptides
(92). These observations were done in splenic APC and in B cells, but they could be a fea-
ture of thymic epithelial cells as well. As the low peptide binding capacity of NOD MHC
class I molecules will not only affect binding of foreign peptides. but also of self-peptides,
it can be imagined that both central and peripheral tolerance induction are affected by this
defect.

Another abnormality, described for I-A£7 molecules, is the unusually high degree of
flexibility of the peptide binding groove. This results in alternative conformations of the
MHC class II molecule, which can interact with the T cell receptor with different affinities
(93). This may both affect T cell education in the thymus and T cell stimulation in the periph-
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ery. Although the aberrances in the I-AS” molecule can contribute to the development of
sialoadenitis, their expression is not essential, since in NOD.B10.H2b mice, which express
MHC I-A molecules other than I-A27, sialoadenitis and dacryoadenitis develop with similar
characteristics as in the NOD mouse (94).

Evidence has been presented suggesting that peripheral tolerance induction in NOD
mice is defective. In a transgenic NOD model in which the hemagglutinin (HA) molecule of
influenza virus is expressed by pancreatic B-cells (NOD-InsHA mice), high avidity HA-spe-
cific CD8* T cells were present in the periphery, whereas they were absent in BALB-InsHA
mice (95). In BALB-InsHA mice, it has been shown that tolerance induction occurred in the
pancreas draining lymph nodes and was followed by elimination of the autoreactive lympho-
cytes (96, 97).

Failure of peripheral tolerance induction could be the result of defects in NOD APC,
including the expression of I-AS7 MHC class II molecules. These defects may lead to the
preferential activation of autoreactive T lymphocytes that differentiate into effector cells as
opposed to the activation of regulatory T lymphocytes. Abnormal activation of transcription
factors. as has been described in NOD dendritic cells (32). may promote the activation of
effector T lymphocytes. Defective activation of suppressor T cells has also been described in
NOD mice (98). NOD dendritic cells were demonstrated to express very low levels of MHC
class IT molecules. CD80. CD&6, and CD40, which, except for CD40, were not upregulated
upon maturation (99, 100). Low expression of CD86 has been described on NOD
macrophages and dendritic cells, which was not dependent on the MHC haplotype of the
mice {101). This was shown to affect the ratio between CTLA-4 and CD28, which is nor-
mally increased upon T cell stimulation. Since CTLA-4 delivers a negative signal to the T
cell, in contrast to CD28, a reduced increase in the CTLA-4/CD28 ratio will result in pro-
longed immune reactivity. In NOD T cells, the ratio between CTLA-4 and CD28 was not
increased upon stimulation, and reduced expression of CD86 accounted for the observed
effect (101).

NOD macrophages were found to be defective in the induction of antigen-specific T
cell proliferation (102). Upon stimulation with antigen or LPS. NOD macrophages expressed
lower levels of glutathione (GSH) as compared to macrophages of the diabetes resistant NOR
mice. GSH is involved in the reduction of disulfide bonds. an essential step in the processing
of antigen in the lysosomes (103, 104). As antigen specific stimulation by NOR macrophages
was normal, it was suggested that defective antigen presentation in NOD macrophages was
related to the lower GSH levels expressed in these cells (102).

In addition to the defects in thymic selection and in NOD APC. which may result in
the accumulation of autoreactive lymphocytes. defects in apoptosis have been described in
the NOD mouse that may also affect central and peripheral tolerance induction (105-108).

Defective tolerance induction to SMG derived antigens may result in the initiation of
an autoimmune reaction, following the presentation of normal SMG derived antigens to
autoreactive lymphocytes. Alternatively, altered processing of SMG derived antigen may
result in the presentation of cryptic determinants of antigen(s) to T lymphocytes that normal-
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ly do not encounter the antigen that they recognize. Antigen processing by dendritic cells can
be affected by exposure of these cells to inflammatory cytokines. This was demonstrated in
an experiment in which treatment of mouse dendritic cells with IL-6 resulted in altered pro-
cessing of the antigen hen egg lysozyme. and the presentation of cryptic determinants of the
antigen that were not presented by control dendritic cells (109}, Similar events may occur in
the SMG.

Regardless of whether the initdation of the autoimmune response results from recog-
nition of normal antigen by autoreactive lymphocytes. or from the presentation of cryptic epi-
topes or altered antigen, T cell activation in the SMG draining lymph nodes will most likely
be followed by infilration of the SMG. The newly arrived and activated lymphocytes may
produce proinflammatory mediators such as cytokines and chemokines, resulting in the
attraction of additional leukocytes. Dendritic cells may not only be essential in the process-
ing and presentation of autoantigens to naive T cells, but are perhaps also responsible for the
attraction of activated T cells to the SMG. This may occur via the production of chemotactic
factors such as MIP-1a., MIP-15, RANTES. and MCP-1, the expression of which has been
described upon maturation (69}, or result from exposure of dendritic cells to proinflammato-
ry cytokines or chemokines.

During the inflammatory process, B cells are likely to be activated as well, which can
result in the generation of autoantibody producing plasma cells. These autoantibodies will
include anti-M3 muscarinic acetyicholine receptor antibodies, which are able to induce a
decreased secretory response in NOD mice (110, 111). Additional evidence for a role of
autoantibodies in diminished salivary secretion was recently provided by the observation that
NOD.IL-4 gene knockout mice do not develop a decreased secretory response, despite exten-
sive infiltration of the SMG. Anti-M3 muscarinic acetylcholine receptor antibodies were
absent in this mouse strain, suggesting that IL-4 is essential in the development of salivary
dysfunction via an effect on the antibody formation {112).

Although apoptosis related proteins continue to be aberrantly expressed in the NOD
SMG throughout life. the absence of increased numbers of apoptotic cells in glands in which
sialoadenitis has fully progressed, does not favor a role for apoptosis in the decreased pro-
duction of saliva.

In conclusion, we postulate the development of sialoadenitis in NOD mice to occur in
two phases. In the asymptomatic phase, aberrances, existing in the SMG of NOD mice, may
resuit in the accumulation of dendritic cells that can activate autoreactive lymphocytes in the
draining lymph nodes. Although the primary abnormality may reside in the SMG, possibly
already existing at birth, defects in the immune system are essential for in the development
of the autoimmune response. This gradually develops in the symptomatic phase, ultimately
resulting in the production of autoantibodies that mediate the decreased secretory response.

190



General discussion

References

1. Fox RI (1993) Sjégren’s syndrome. Curr Opin Rheumatol 7:409-416.

2. Talal N (1990) Sjogren’s syndrome. Curr Opin Immunol 2:622-624.

3 Kong L, Ogawa N, Nakabayashi T. Liu GT. D'Souza E McGuff HS. Guerrere D, Talal N and Dang

10.

11.

13.

14

15.

16.

17

19.

H (1997) Fas and Fas ligand expression in the salivary glands of patients with primary Sjdgren’s syn-
drome. Arthritis Rheum 40:87-97.

Matsumura R, Umemiya K. Kagami M. Tomioka K. Tanabe E. Sugiyama T, Sueishi M, Nakajima A,
Azuma M, Okumura K and Sumida T (1998) Glandular and extraglandular expression of the Fas-Fas
ligand and apoptosis in patients with Sjdgren’s syndrome. Clin Exp Rheumnatol 16:561-568.
Manganelli P, Quaini F. Andreoli AM, Lagrasta C, Pilato FP, Zuccarell: A, Monteverdi R. C DA and
Olivetti G (1997) Quantitative analysis of apoptosis and bel-2 in Sjdgren’s syndrome. J Rhewnato!
24:1552-1537.

Sumida T, Matsumoto I, Murata H, Namekawa T, Matsumura R. Tomioka H, Iwamoto I, Saito Y.
Mizushima Y, Hasunuma T. Maeda T and Nishioka K (1997) TCR in Fas-sensitive T cells from labi-
al salivary glands of patients with Sjdgren’s syndrome. J Immunol 158:1020-1023.

Polihronis M, Tapinos NI. Theocharis SE. Economou A, Kittas C and Moutsopoulos HM (1998)
Modes of epithelial cell death and repair in Sjogren’s syndrome (SS). Clin Exp Immunol 114:485-490.
Fujihara T, Fujita H. Tsubota K. Saito K. Tsuzaka K. Abe T and Takeuchi T (1999) Preferential local-
ization of CD8+ alpha E beta 7+ T cells around acinar epithelia! cells with apoptosis in patients with
Sjdgren’s syndrome. J Immunol 163:2226-2235.

Jonsson R, Kroneld U, Backman K, Magnusson B and Tarkowski A (1993} Progression of sialadeni-
ds in Sjogren’s syndrome. Br J Rheumato!l 32:378-58].

Daniels TE and Whitcher JP (1994) Association of patterns of labial salivary gland inflammation with
keratoconjunctivitis sicca. Analysis of 618 patients with suspected Sjogren’s syndrome, Arthrisis
Rheum 37:869-877.

Bacman S. Sterin-Borda L., Camusso JJ. Arana R, Hubscher O and Borda E (1996) Circulating anti-
bodies against rat parotid gland M3 muscarinic receptors in primary Sjdgren’s syndrome. Clin Exp
Immunol 104:453-459,

Bacman S, Perez Leiros C. Sterin-Borda L. Hubscher O, Arana R and Borda E {1998) Autoantibodies
against lacrimal gland M3 muoscarinic acetylcholine receptors in patients with primary Sjégren’s syn-
drome. Invest Ophthalmol Vis Sci 39:151-156.

Bacman SR, Berra A, Sterin-Borda L and Borda ES (1998) Human primary Sjégren’s syndrome
autoantibodies as mediators of nitric oxide release coupled to lacrimal gland muscarinic acetylcholine
receptors. Curr Eye Res 17:1135-1142,

Waterman SA, Gordon TP and Rischmueller M (2000) Inhibitory effects of muscarinic receptor
autoantibodies on parasympathetic neurotransmission in Sjogren’s syndrome. Arthritis Rhewmn
43:1647-16354,

Smith MD, Lamour A, Boylston A, Lancaster FC, Pennec YL, van Agthoven A, Rook GA, Roncin
S, Lydyard PM and Youinou PY (1594) Selective expression of V beta families by T cells in the blood
and salivary gland infiltrate of patients with primary Sjdgren’s syndrome. J Rhewnatol 21:1832-1837.
Sumida T, Yonaha F, Maeda T, Tanabe E, Koike T, Tomicka H and Yoshida 8 (1992) T cell receptor
repertoire of infiltrating T cells in lips of Sjégren’s syndrome patients. J Clin fnvest 89:681-685.
Legras F, Martin T, Knapp AM and Pasquali JL (1994) Infiltrating T cells from patients with primary
Sjiégren’s syndrome express restricted or unrestricted T cell receptor V beta regions depending on the
stage of the disease, Eur J Immunol 24:181-183.

Matsumoto I, Tsubota K, Satake Y, Kita Y, Matsumura R, Murata H, Namekawa T, Nishioka K.
Iwamoto I, Saitoh Y and Sumida T (1996} Common T cell receptor clonotype in lacrimal glands and
labial salivary glands from patients with Sjogren’s syndrome. J Clin Invest 97:1969-1977.

Yonaha F, Sumida T. Maeda T, Tomioka H, Koike T and Yoshida S (1992} Restricted junctional usage
of T cell receptor V beta 2 and V beta 13 genes. which are overrepresented on infiltrating T cells in
the lips of patients with Sjdgren’s syndrome. Arthriris Rheum 35:1362-1367.

191



Chapter 7

e
Lh

30.

3L

34

35.

36.

37

38.

39.

Banchereau J and Steinman RM (1998) Dendritic cells and the control of immunity, Nature 392:245-
252,

Stingl G and Bergstresser PR (1995) Dendritic cells: 2 major story unfolds. Immunol Today 16:330-
333.

Cella M, Sallusto F and Lanzavecchia A (1997} Origin. maturation and antigen presenting function
of dendritc cells. Curr Opin Immuneol 9:10-16.

Rosmalen JG. Homo-Delarche F. Durant S. Kap M, Leenen PJ and Drexhage HA (2000) Islet abnor-
malities associated with an early influx of dendritic cells and macrophages in NOD and NODscid
mice. Lab [nvest 80:769-777.

Dahlen E. Dawe K. Ohlsson L and Hedlund G (1998) Dendritic cells and macrophages are the first
and major producers of TNF-alpha in pancreatic islets in the nonobese diabetic mouse. J Immunol
160:3585-3593.

Mooij P, de Wit HF and Drexhage HA (1993) An excess of dietary iodine accelerates the development
of a thyroid-associated lymphoid tissue in autoimmune prone BB rats. Clin Immunol Immumopatho!
69:189-198.

Suter T. Malipiero U. Otten L, Ludewig B, Muelethaler-Mottet A, Mach B, Reith W and Fontana A
(2000) Dendritic cells and differential usage of the MHC class II transactivator promoters in the cen-
tral nervous system in experimental autoimmune encephalitis, Eur J Immunol 30:794-802.

Voorbi] HA, Jeucken PH. Kabel PJ, De Haan M and Drexhage HA (1989) Dendritic cells and scav-
enger macrophages in pancreatic islets of prediabetic BB rats. Digbetes 538:1523-1629.

Voorbij HA, Kabel PY. de Haan M. Jeucken PH. van der Gaag RD. de Baets MH and Drexhage HA
(1990) Dendritic cells and class I MHC expression on thyrocytes during the autoimmune thyroid dis-
ease of the BB rat. Clin Immunol Immunopathol 55:9-22,

Ludewig B, Odermatt B, Landmann S. Hengarmer H and Zinkernagel RM (1998) Dendritic cells
induce autoimmune diabetes and maintain disease via de novo formation of local lymphoid tissue. J
Exp Med 188:1493-1501.

Knight SC. Farrant J. Chan J. Bryant A, Bedford PA and Bateman € (1933) Induction of autoimmu-
nity with dendritic cells: studies on thyroiditis in mice. Clin Immunol Immunopathol 48:277-289.
Dittel BN. Visintin I. Merchant RM and Janeway CA. Jr. (1999) Presentation of the self antigen
myelin basic protein by dendritic cells leads to experimental autoimimune encephalomyelits. J
Immunol 163:32-39.

Weaver DJ. Ir., Poligone B. Bui T, Abdel-Motal UM. Baldwin AS, Jr. and Tisch R (2001) Dendritic
cells from noncbese diabetic mice exhibit a defect in NF-xB regulation due to a hyperactive Ikb
kinase. J frmmuncol 167:1461-1468.

Tak PP and Firestein GS (2001) NF-kappaB: a key role in inflammatory diseases. J Clin Invest 107:7-
11

Shimizu J, Carrasco-Marin E. Kanagawa O and Unanue ER (1995} Relationship between beta cell
injury and antigen presentation in NOD mice. J Immunol 135:4093-4099.

Freed JH. Marrs A. VanderWall J., Cohen PL and Eisenberg RA (2000 MHC class TI-bound self pep-
tides from autoimmune MRL/Ipr mice reveal potential T cell epitopes for autcantibody production in
murine systemic lupus erythematosus. J limmunol 164:4697-4703.

Reich EP, von Grafenstein H, Barlow A. Swenson KE. Williams K and Janeway CA., Jr. (1994) Self
peptides isolated from MHC glycoproteins of non-obese diabetic mice. J Immunol 152:2279-2288.
Robinson CP. Yamamoto H, Peck AB and Humphreys-Beher MG (1996} Genetically programmed
development of salivary gland abnormalities in the NOD (nonobese diabetic)-scid mouse in the
absence of detectable lymphocytic infiltration: a potential trigger for sialoadenitis of NOD mice. Clin
Immunol Immunopathol 79:50-59,

Yamachika 8. Nanni JM, Nguyen K. Garces L. Lowry JM. Robinson CP, Brayer J, Oxford GE. da
Silveira A. Kerr M. Peck AB and Humphreys-Beher MG (1998) Excessive synthesis of matrix met-
alloproteinases in exocrine tissues of NOD mouse models for Sidgren’s syndrome. J Rheumato!
25:2371-2380.

Yamachika S. Brayer J. Oxford GE, Peck AB and Humphreys-Beher MG (2000) Aberrant proteolyt-
ic digestion of biglycan and decerin by saliva and exocrine gland lysates from the NOD mouse model

192



General discussion

40.

41.

43,

46,

47.

48.

49,

50.

51

56.

57.

38.

for autcimmune exocrinopathy. Clin Exp Rheumatol 18:233-240.

Robinson CP, Yamachika S, Aiford CE. Cooper C. Pichardo EL. Shah N. Peck AB and Humphreys-
Beher MG (1997) Elevated levels of cysteine protease activity in saliva and salivary glands of the
nonobese diabetic INOD) mouse model for Sjéaren syndrome. Proc Natl Acad Sci U S A 94:5767-
3771

Pelegri C. Rosmalen JG, Durant S, Throsby M. Alves V, Coulaud I. Esling A, Pleau JM. Drexhage
HA and Homo-Delarche F (2001) Islet endocrine-cell behavior from birth onward in mice with the
nenobese diabetic genetic background. Mol Med 7:311-319.

Simons PJ, Delemarre FG and Drexhage HA (1998) Antigen-presenting dendritic cells as regulators
of the growth of thyrocytes: a role of interleukin-1beta and interleukin-6. Endocrinology 139:3148-
3156.

Hock A, Allaerts W, Leenen PI. Schoemaker J and Drexhage HA (1997) Dendritic cells and
macrophages in the pituitary and the gonads. Evidence for their role in the fine regulation of the
reproductive endocrine response. Eur J Endocring! 136:8-24.

Homo-Delarche F (2001) Is pancreas development abnormal in the non-obese diabetic mouse, a spon-
taneous model of type I diabetes? Braz J Med Biol Res 34:437-447.

Gouon-Evans V. Rothenberg ME and Pollard JW (2000) Postnatal mammary gland development
requires macrophages and eosinophils. Development 127:2269-2282,

Brayer J. Lowry J. Cha 8. Robinson CP, Yamachika S, Peck AB and Humphreys-Beher MG (2000)
Alleles from chromosomes I and 3 of NOD mice combine to influence Sjdgren’s syndrome-like
avtoimmune exocrinopathy. J Rheumnatol 27:1896-1904.

Rosen A and Casciola-Rosen 1. (1999) Autoantigens as substrates for apoptotic proteases: implica-
tons for the pathogenesis of systemic autoimmune disease. Cell Death Differ 6:0-12.

Mevorach D. Zhou JL, Song X and Elkon KB (1998) Systemic exposure to irradiated apoptotic cells
induces auroantibody production. J Exp Med 188:387-392.

Rovere P. Vallinoto C. Bondanza A, Crosti MC, Rescigno M. Ricciardi-Castagnoli P. Rugarli C and
Manfredi AA (1998) Bystander apoptosis triggers dendritic cell maturation and antigen-presenting
function. J fmmunol 16144674471,

Ishii KJ, Suzuki K. Coban C, Takeshita F, Itoh Y, Matweba H, Kohn LD and Klinman DM (2001)
Genomic DNA released by dying cells induces the maturation of APCs. J Immunol 167:2602-2607.

Rosen A and Casciola-Rosen L (2001) Clearing the way to mechanisms of autoimmunity. Nar Med
7:664-665.

Liu XB. Masago R. Kong L. Zhang BX. Masago 8. Vela-Roch N, Katz MS. Yeh CK. Zhang GH. Talal
N and Dang H (2000} G-protein signaling abnormalities mediated by CD95 in salivary epithelial
cells. Cell Death Differ 7:1119-1126.

O'Reilly LA. Huang DC and Strasser A (1996) The cell death inhibitor Bcl-2 and its homologues
influence control of cell cycle entry. Embe J 15:6979-6990,

Huang DC, O’Reilly LA, Strasser A and Cory S (1997) The anti-apoptosis function of Bel-2 can be
genetically separated from its inhibitory effect on cell eycle entry. Embo J 16:4628-46385.

Rescigno M, Piguet V, Valzasina B, Lens S, Zubler R. French L. Kindler V. Tschopp J and Ricciardi-
Castagnoli P {2000) Fas engagement induces the maturation: of dendritic cells (DCs), the release of
interleukin (JL)-1beta, and the production of interferon gamma in the absence of IL-12 during DC-T
cell cognate interaction: a new role for Fas ligand in inflammatory responses. J Exp Med 192:166]-
1668.

Alderson MR, Armitage RJ, Maraskovsky E. Tough TW, Roux E. Schooley K. Ramsdell F and Lynch
DH (1993} Fas wansduces activation signals in normal human T lymphocytes. J Exp Med 178:2231-
2235

Stassi G. Di Liberto D, Todaro M, Zeuner A. Ricci-Vitiani L, Stoppacciaro A. Roco L, Farina F,
Zumme G and De Maria R (2000} Control of target cell survival in thyroid autoimmunity by T helper
cytokines via regulation of apoptotic proteins. Nar Immunel 1:483-488.

Kong L. Ogawa N. McGuff HS. Nakabayashi T. Sakata KM, Masago R. Vela-Roch N, Talal N and
Dang H (3998) Bcl-2 family expression in salivary glands from patients with primary Sjogren’s syn-
drome: involvement of Bax in salivary gland destuction. Clin Immunol Immunopathol §8:133-141.

193



Chapter 7

59.

60.

61.

66.

67.

68.

69.

70.

71

73.

74,

75.

76.

77,

78.

79.

Haneji N, Nakamura T. Takic K, Yanagi K. Higashiyama H. Saito I. Neji 5, Sugino H and Hayashi
Y (1997) Identification of alpha-fodrin as a candidate autoantigen in primary Sjégren’s syndrome.
Science 276:604-607.

Kong L. Robinson: CP, Peck AB., Vela-Roch N. Sakata KM. Dang H, Talal N and Humphreys-Beher
MG (1998 Irappropriate apoptosis of salivary and lacrimal gland epithelium of immunodeficient
NOD-scid mice, Clin Exp Rheumarol 16:675-681.

Masago R, Aiba-Masago S, Talal N. Zuolvaga FJ. Al-Hashimi L. Moody M, Lau CA, Peck AB. Brayer
J, Humphreys-Beher MG and Dang H (2001) Elevated proapoptotic Bax and caspase 3 activation in
the NOD .scid model of Sjdgren’s syndrome. Arthritis Rhewm 44:693-702.

Sozzani 8. Allavenz P, Vecchi A and Mantovani A (1999) The role of chemokines in the regolation
of dendritic cell wafficking. J Leukoc Biol 66:1-9.

Sozzani S. Allavena P, Vecchi A and Mantovani A (2000) Chemokines and dendritic cell wraffic. J
Clin Immunol 20:151-160.

Vecchi A. Massimiliane L. Ramponi S. Luini W, Bernasconi 8. Bonecchi R, Allavena P, Parmentier
M. Mantovani A and Sozzani S (1999) Differemial responsiveness to constitutive vs. inducible
chemokines of immature and mature mouse dendritic cells. J Lewkoc Biol 66:489-494.

Cuello C, Palladinetti P. Tedla N. Di Girclamo N, Lloyd AR, McCluskey P and Wakefield D (1998)
Chemokine expression and Jeucocyte infiltration in Sjogren’s syndrome. Br J Rheumatol 37:779-783.
Tomwall J. Lane TE, Fox RY and Fox HS (1999) T cell attractant chemokine expression initiates
lacrimal gland destruction in nonobese diabetic mice. Lab Inves: 79:1719-1726.

Bradley LM, Asensio VC, Schioetz LK. Harbertsen J. Krahl T. Patstone G, Woolf N. Campbell IL.
and Sarvetnick N (1999) Islet-specific Thl. but not Th2. cells secrete multiple chemokines and pro-
mote rapid induction of autoimmune diabetes. J Immunol J62:2511-2520.

Fischer FR, Luo Y. Luo M. Santambrogio L and Dorf ME (2001) Rantes-induced chemokine cascade
in dendritic cells. J fmmunol 167:1637-1643.

Sallusto F, Palermo B. Lenig D. Miettinen M, Matikainen S. Julkunen I, Forster R, Burgstahler R.
Lipp M and Lanzavecchia A (1999} Distinct patterns and kinetics of chemokine production regulate
dendritic cell function. Eur J Immunol 29:1677-1625.

Sallusto F, Lanzavecchia A and Mackay CR (1998) Chemokines and chemokine receptors in T-cell
priming and Th1/Th2-mediated responses. Immunol Today 19:568-574.

Rosmalen JG. Martin T, Dobbs C, Voerman J$, Drexhage HA, Haskins K and Leenen PT (2000)
Subsets of macrophages and dendritic cells in nonobese diabetic mouse pancreatic inflammatory
infilrates: correlation with the development of diabewes. Lab Invest 80:23-30.

Chan OT. Paliwal V. McNiff JM. Park SH, Bendelac A and Shlomchik MJ (2001} Deficiency in
beta(2)-microgiobulin, but not CD1. accelerates spontanecus lupus skin disease while mhibiting
nephritis in MRL- Fas(lpr) mice: an example of disease regulation at the organ level. J Immunol
167:2985-2990.

Amft N and Bowman SJ (2001) Chemokines and cell trafficking in Sjdgren’s syndrome. Scand J
Immunol 54:62-65.

Moutsopoulos HM. Hooks J¥, Chan CC, Dalavanga YA. Skopouli FIN and Detrick B (1986) HLA-DR
expression by labial minor salivary gland tissues in Sjogren’s syndrome. Ann Rhewm Dis 45:677-683.
Fox R, Kang HE, Ando D. Abrams J and Pisa E (1994) Cytokine mRNA expression in salivary gland
biopsies of Sjdgren’s syndrome. J Immunol 152:5532-5539.

Boumba D. Skopouli FN and Moutsopoulos HM (1993) Cytokine mRINA expression in the labial
salivary gland tissues from patients with primary Sjdgren’s syndrome. Br J Rheurmnarol 34:326-333.
Brookes SM, Price EJ, Venables PJ and Maini RN (1993} Interferon-gamma and epithelial cell acti-
vation in Sjégren’s syndrome. Br J Rheumatol 34:226-231.

El Kaissouni J, Bene MC and Faure GC {1996) Investigation of activation markers demonstrates sig-
nificant overexpression of the secretory component on salivary glands epithelial cells in Sjdgren’s
syndrome. Clin Immunol Immunopathol 76:236-243.

Manoussakis MN. Dimitriou ID, Kapsogeorgou EK, Xanthou G, Paikes S, Polihronis M and
Moutsopoulos HM (1999) Expression of B7 costimulatory molecules by salivary gland epithelial
cells in patients with Sjdgren’s syndrome. Arthritis Rheum 42:229-239.

194



General discussion

80.

81.

54,

83.

386.

87.

38.

39.

90.

91.

94,

95.

96.

97.

98.

99.

100.

Matsumura R. Umemiya K. Goto T. Nakazawa T, Kagami M., Tomioka H, Tanabe E, Sugiyama T and
Sueishi M (2001) Glandular and extraglandular expression of costimulatory meolecules in patients
with Sjégren’s syndrome. Ann Rhewm Dis 60:473-482.

Kapsogeorgou EK. Moutsopoulos HM and Manoussakis MN (2001) Functional expression of a cos-
timulatory B7.2 {CID86) protein on human salivary gland epithelial cells that interacts with the CD28
receptor, but has reduced binding to CTLA4, J fmmunol 166:3107-3113.

Lee M. Rutka JA. Slomovic AR, McComb I, Bailey DJ and Bookman AA (1998) Establishing guide-
lines for the role of minor salivary gland biopsy in clinical practice for Sjdgren’s syndrome. J
Rheumarol 25:247-253.

Sallusto F and Lanzavecchia A (1994} Efficient presentation of soluble antigen by cultured human
dendritic cells is maintained by granulocyte/macrophage colony-stimulating factor plus interleukin 4
and downregniated by tumor necrosis factor alpha. J Exp Med 179:1106-1118.

Jonuleit H. Knop I and Enk AH (1996) Cytokines and their effects on maturation, differentiation and
migration of dendritic cells. Arch Dermarol Res 289:1-8.

Savino W, Boitard C. Bach JF and Dardenne M (1991) Studies on the thymus in nonobese diabetic
mouse. I. Changes in the microenvironmental compartments. Lab Invesr 64:405-417.

Savino W, Carnaud C, Luan JJ, Bach JF and Dardenne M {1993) Characterization of the extracellu-
lar matrix-containing giant perivascular spaces in the NOD mouse thymus. Digbetes 42:134-140.
Bergman ML. Penha-Goncalves C. Lejon K and Holmberg D (2001) Low rate of proliferation in
immature thymocytes of the non-obese diabetic mouse maps to the Idd6 diabetes susceptibility
region. Diabetologia 44:1054-1061.

Thomas-Vaslin V., Damotte D, Coltey M. Le Douarin NM, Coutinho A and Salaun J (1997) Abnormal
T cell selection on nod thymic epithelium is sufficient to induce autoimmune manifestations in
C37BL/6 athymic nude mice. Proc Natl Acad Sci U S A 94:4598-4603.

Hayashi Y. Utsuyama M. Kurashima C and Hirokawa K (1989) Spontaneous development of organ-
specific autoimmune lesions in aged C37BL/6 mice. Clin Exp Immunol 78:120-126.

Li X. Golden J and Faustman DL (1993) Faulty major histocompatibility complex class I I-E expres-
sion is associated with autoimmunity in diverse strains of mice. Autoantibodies. insulitis, and
sialadenitis. Diaberes 42:71166-1172.

Carrasco-Marin E. Shimizu J, Kanagawa O and Unanue ER (1996 The class I MHC [-Ag7 mole-
cules from non-obese diabetic mice are poor peptide binders. J Immunol 156:4350-458.

Bhatnagar A, Milburn PJ, Lobigs M. Blanden RV and Gautam AM (2001} Nonobese diabetic mice
display elevated ievels of class IT-associated invariant chain peptide associated with [-Ag7 on the cell
surface. J Jmmunol 166:4490-4497.

Arneson LS. Peterson M and Sant AJ (2000) The MHC class II molecule I-Ag7 exists in alternate
conformations that are peptide dependent. J Immunol 163:2059-2067.

Robinson CP, Yamachika S, Bounous DI, Brayer J. Jonsson R, Holmdahl R. Peck AB and
Hurnphreys-Beher MG (1998) A novel NOD-derived murine model of primary Sjégren’s syndrome,
Arthritis Rheum 41:150-156.

Krenwe] HT. Biggs JA. Pilip IM, Pamer EG, Lo D and Sherman LA (2001) Defective CD8(+) t cell
peripheral tolerance in nonobese diabetic mice. J frmunol 167:1112-1117.

Morgan DI, Kreuwel HT and Sherman LA (1999) Antigen concentration and precursor frequency
determine the rate of CD3+ T cell tolerance to peripherally expressed antigens, J fmrmunol 163:723-
727.

Morgan DJ. Kurts C. Kreuwel HT. Holst KL. Heath WR and Sherman LA (1999) Ontogeny of T cell
wlerance to peripherally expressed antigens. Proc Natl Acad Sci U § A 96:3854-3858.

Serreze DV and Leiter EH (1988) Defective activation of T suppressor cell function in nonobese dia-
betic mice. Potential relation to cytokine deficiencies. J Immunol 140:3801-3807.

Lee M., Kim AY and Kang Y (2000) Defects in the differentiation and function of bone marrow-
derived dendritic cells in non-obese diabetic mice. J Korean Med Sci 15:217-223.

Strid J. Lopes L, Marcinkiewicz J. Petrovska L, Nowak B. Chain BM and Lund T (2001} A defect in
bene marrow derived dendritic cell maturation in the nonobese diabetic mouse. Clin Exp Immuno!
123:375-381.

195



Chapter 7

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Dahlen E. Hedlund G and Dawe K (2000) Low CD86 expression in the nonobese diabetic mouse
results in the impairment of both T cell activation and CTLA~4 up-regulation. J Jmmunol 164:2444-
2456,

Piganelli JD., Martin T and Haskins X (1998) Splenic macrophages from the NOD mouse are defec-
tive in the ability to present antigen, Diabetes 47:1212-12]8.

Frosch S, Bonifas U, Eck HP, Bockstette M. Droege W, Rude E and Reske-Kunz AB (1993) The effi-
cient bovine insulin presentation capacity of bone marrow- derived macrophages activated by granu-
locyte-macrophage colony- stimulating factor correlates with a high level of intracellular reducing
thiols. Eur J Immunol 23:1430- 1434,

Collins DS, Unanue ER and Harding CV (1991) Reduction of disulfide bonds within lysosomes is a
key step in antigen processing. J Immunol 147:4054-4059.

Leijon K. Hammarstrom B and Holmberg D (1994) Non-obese diabetic (NOD) mice display
enhanced immune responses and prolonged survival of lymphoid cells, fnr Immuno!l 6:339-345.
Colueci F, Cilio CM. Lejon K., Gonealves CP. Bergman ML and Holmberg D (1996) Programmed cell
death in the pathogenesis of murine IDDM: resistarice to apoptosis induced in lymphocytes by
cyclophosphamide. J Autoimmun 9:271-276.

Colucci F, Bergman ML, Penha-Gongealves C. Cilio CM and Holmberg D (1997) Apoptosis resistance
of nonobese diabetic peripheral lymphocytes linked to the IddS diabetes susceptibility region. Proc
Nl Acad Sei U S A 94:8670-8674.

Lamhamedi-Cherradi SE, Luan JJ, Eloy L. Fluteau G. Bach JF and Garchon HJ (1998) Resistance of
T-cells to apoptosis in autoimmune diabetic (NOD) mice js increased early in life and is associated
with dysregulated expression of Bel-x. Diabetologia 41:178-184.

Drakesmith H, O'Neil D, Schneider SC, Binks M, Medd P, Sercarz E, Beverley P and Chain B (1998)
In vivo priming of T cells against cryptic determinants by dendritic cells exposed to interleukin 6 and
nafive antigen. Proc Natl Acad Sci U S A 95:14903-14908.

Nguyen KH. Brayer J. Cha S. Diggs S. Yasunari U. Hilal G, Peck AB and Humphreys-Beher MG
(2000) Evidence for antimuscarinic acetylcholine receptor antibody-mediated secretory dysfunction
in nod mice. Arthritis Rheum 43:2297-2306.

Robinson CP, Brayer J. Yamachika S. Esch TR. Peck AB. Stewart CA. Peen E. Jonsson R and
Humphreys-Beher MG (1998) Transfer of human serum IgG to nonobese diabetic Tgmu null mice
reveals a role for autoantibodies in the loss of secretory function of exocrine tissues in Sjégren’s syn-
drome. Proc Natl Acad Sci U § A 85:7538-7543.

Brayer JB. Cha S. Nagashima H. Yasunari U, Lindberg A, Diggs S, Martinez J, Goa J, Humphreys-
Beher MG and Peck AB (2001) IL-4-dependent effector phase in autoimmune exocrinopathy as
defined by the NOD.IL-4-gene knockout mouse model of Sjdgren’s syndrome. Scand J Immunol
54:133-140.

196



Abbreviations

ACTH
ANA
AP-1
Apaf
APC
AQP
ATD
BB
BCaA
BrdU
BSA
CCR
CDR
CHB
CLIP

CNS

Cs
CTLA-4
CXCR
CITTA
+DAMP

DC
DNA
EAE

EBV
ECM
EGF
ELC

ELISA
FADD

FAK
FCS

GD
GM-CSF

GSH
GVHD

HCMYV
HCV
HIV
HLA
HSG

HTLV
ICAM
IDDM

IGEBP
HC

IP-10

: adrenocorticotropic hormone

: anti-nuclear antibodies

: activating protein-1

: apoptotic protease-activanung factor
! antigen presenting cell

! aquaporin

: autoimrnune thyroid disease

: biobreeding

: B cell attracting chemokine

: bromodeoxyurndine

: bovine serum albumine

: CC chemokine recepter

: complementarity determiring region
: congenital heart block

: ¢lass O-associated lnvariant chain

peptides

. central nervous system

: chronic sizloadenitis

1 gyrotoxic T lymphocyre antigen-4
: CXC chemokine receptor

: MHC class 1T transactivator

1.1-dimethy!i-4-diphenylacetoxypiperidini-
um

: dendritic cells
: deoxyribonucleic acid
: experimenta] autoimmune

encephalomyelitis

: Epstein-Barr virus

: extracellular matrix

: epidermal growth factor

. Epstein-Barr virus-induced gene 1 ligand

chemokine

. enzyme linked immunosorbent assay
: Fas-associated protein with death

domain

: focal adhesion kinase

: fetal calf serum

1 focal lymphocytic sialoadenitis

: Graves” disease

: granulocyte-macrophage colony stimulating

factor

: glutathione

. graft-versus-host disease

: hemagglutinin

: human eytomegalovirus

: hepatitis C virus

: human immunodeficiency virus

: human leucocyte antigen

: human salivary gland

: Hashirnoto's thyroidids

: human T-lymphotropic virus

: intercellular adhesion molecule

¢ insulin-dependent diabetes mellitas
: interferon

. insulin-like growth factor binding protein
. immunchistochemistry

: interleukin

: interferon inducible protein-10

ISH
KCS

LFA
L-NMMA :
LPS
Lm
MCP
MHC
MIP

MS
MSG
NATD
NF-xB
NHL
Nik
NLE
NO
NOD
NOR
NOS
NSAID
NZB
NZW
PARC
PBC
PBS
PCD
PKC
PSP
QNB
RANTES :

RNA
RNP

RQ-PCR
RT-PCR

scid
SEM
S8
SLC
SLE
SMG
TCA
TCR
TGF
TIMP
TNF
TUNEL

VLA
VCAM
XIAP

yRNA

197

: 1n site hybridization

: keratoconjunctivitis sicca

: lymphocytic choriomeningitis

: lymphocyte function associated antigen

L-NS-monomethylarginine

: lipopolysaccharide

: lymphotactin

: monocyte chemotactic protein

: major histocompatibility complex
: macrophage inflammatory protein
. matrix metalloproteinase

: muldiple sclerosis

: minor salivary gland

: pon-autoimumuzne thyroid disease
+ nuclear factor-xB

: non-Hodgkin lymphoma

: NF-kB inducing kinage

. neonatal lupus erythematosus

¢ nitric oxide

: noncbese diabetic

: noncbese diabetes resistant

. nitric oxide synthase

: non-steroidal anti-inflammarory drugs
: New Zealand biack

: New Zealand white

: puimonary activation regulated chemokine
; primary biliary cirrhosis

: phoshate buffered saline

. prograramed cell death

: protein kinase C

: parotid secretory protein

: quinuclidiny! benzilate

regulated upon activation, normal T cell
expressed and secreted

: rheumatoid factor

: ribonucleic acid

: mibenucleoprotein

: RNAse protection assay

: real time quantitative polymerase chain

reaction

: reverse transcriptase-polymerase chain reac-

tipn

: severe combined immunodeficiency

: standard error of the mean

: Sjdgren’s syndrome

: secondary Iymphoid organ chemokine
: systemic lupus erythematosus

: submandibular gland

: T cell acdvation chemokine

: T cell receptor

: transforming growth factor

: tissue inhibitor of metalloproteinase

: tumor necrosis factor

1 terminal deoxynucleotidyl ansferase-

mediated JUTP rick end labeling

: very late antigen
: vascular cell adhesion molecule
: X chromosome-linked inhibitor of apoptosis

protein

. cytoplasmic RNA



Summary

Sjogren’s syndrome is an autoimmune disease, in which the salivary and lacrimal
glands are affected. Lymphocytic infiltrates are detected in these glands, and patients may
suffer from dry mouth and dry eves, due to insufficient production of saliva and tears.
Knowledge on mechanisms that may lead to decreased exocrine secretion has increased over
the past few years. In contrast, little is known about events that initiate the autoimmune reac-
tion leading to this decreased secretion. Although studies on the pathogenesis of autoimmune
diseases have mainly focussed on the role of the immune system, evidence is accumulating
suggesting that the target organ of the autoimmune disease may contribute to its initiation.
The contribution of exocrine gland-derived and immune-derived components to the initiation
of the autoimmune reaction in the exocrine glands can be studied in detail in mouse models
for Sjogren’s syndrome. in which the glands can be examined from birth until the autoim-
mune process has fully developed.

In the studies described in this thesis we examined whether salivary gland derived
components could play a role in the pathogenesis of sialoadenitis. When the development of
sialoadenitis was studied in two mouse models for Sjdgren’s syndrome. the nonobese diabet-
ic (NOD) mouse and the MRL/Ipr mouse, remarkable differences were found. suggesting two
different pathogenetic types of sialoadenitis (chapter 2). The development of lymphocytic
infiltrates in the submandibular gland (SMG) of the NOD mouse, but not in the MRL/lpr
mouse. was preceded by an accumulation of dendritic cells in these glands, occurring
between 2 and 5 weeks of age. This accumulation was not iymphocyte dependent, as it was
also observed in the NOD-scid mouse. As dendritic cells are potent antigen presenting cells.
capable of activating naive T lymphocytes, a role for these cells in the inifation of siaload-
enitis in the NOD mouse can be envisaged.

Although the composition of the lymphocytic infiltrates in minor salivary glands of
patients with Sjdgren’s syndrome has been studied intensively by several groups, the pres-
ence of professional antigen presenting cells in these glands has received little attention yet.
In minor salivary glands of Sjdgren’s patients, of controls, and of patients fulfilling only the
oral or ocular hallmarks of Sjdgren’s syndrome, dendritic cells and macrophages were pres-
ent (chapter 3). Furthermore. in minor salivary glands with a focal lymphocytic infiltrate, we
noticed the presence of CD1a™ dendritic cells and RFD9* macrophages. scattered through-
out the gland. These subsets were absent in glands without lymphocytic infiltrates. and may
therefore be of help in the histopathological diagnosis of Sjdgren’s syndrome.

Because evidence is accumulating suggesting that apoptosis may contribute to the ini-
tiation of autoinmmune reactions. we also studied the presence of apoptotic cells in SMG of
NOD mice (chapter 4). Despite elevated expression of Fas and FasL in SMG of NOD and
NOD-scid mice as compared with control strains, the numbers of apoptotic cells in glands of
the different mouse strains were similar. This could be due to the concomitant elevated
expression of bel-2. Alse following the development of lymphocytic infiltrates, numbers of
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apoptotic cells in NOD SMG were not increased as compared with control mice. These
results suggest that the role of apoptosis in the development of sialoadenitis in the NOD
mouse is limited.

Murine SMG are functionally immature at birth and undergo extensive morphodiffer-
entiation in the first three weeks of life. It can be hypothesized that disturbances in this
process lead to altered glandular homeostasis and thereby evoke autoimmunity later in life.
Therefore. NOD and NOD-scid SMG were studied from birth onwards until the age of three
weeks. to examine glandular morphology and the expression of factors that can influence this
morphology, like extracellular matrix (ECM) components and enzymes capable of degrading
the ECM (chapter 5). Histological analysis revealed more wide connective tissue septa. and
more distinct septation of neonatal NOD SMG as compared with controls. Proliferation rates
of epithelial cells in NOD SMG were decreased at birth. The morphological abnormalities
and the decreased epithelial cell proliferation were no longer found at one week of age.
Whereas no differences were found in the expression of ECM components, decreased activ-
ity of matrix metalloproteinase (MMP)-2 and MMP-9 was observed in NOD SMG at birth.
At three weeks of age, increased activity of these enzymes was measured in the NOD SMG
as compared with control mice. These aberrances suggest that organogenesis of the NOD
SMG is deviant. This aberrant glandular development may promote a subsequent autoim-
mune reaction, leading to the sialoadenitis.

Because chemokines are important components of the immune system, tightly regu-
lating the traffic of a.0. dendntic cells, we examined their expression in the SMG of the NOD
and the NOD-scid mouse, and compared this with control mice. No differences were
observed in mRINA and protein expression of the chemokines MIP-1¢t and MCP-1 between
SMG of NOD and control mice from 1 day onwards until 7 weeks of age. Therefore, the
expression of these chemokines is probably not directly responsible for the influx of dendrit-
ic cells into the NOD SMG. although we camnot exclude that the expression levels or the
activity of the corresponding chemokine receptors on NOD and control monocytes and/or
dendritic cells differ. Following the onset of sialoadenitis in the NOD SMG, increased
expression of MIP-1¢ and MCP-1, and induced expression of IP-10 were observed. As this
was not observed in NOD-scid mice, this altered chemokine expression 1s likely due to the
development of lymphocytic infiltrates in the NOD SMG. It might well be that the increased
or induced expression of particular chemokines will influence the composition of the infil-
trates. and contribute to the perpetuation of the autoimmune process.

Our studies indicate that the cellular components of the exocrine glands may actively
contribute to the pathogenesis of Sjdgren’s syndrome. In the NOD mouse, impaired glandu-
lar homeostasis may be responsible for the accumulation of dendritic cells that was observed
in the SMG. Although the precise role of the dendritic cells in the pathogenesis of the siaload-
enitis remains to be established, the present studies indicate that these cells play a central role

in the initiation of the autoimmune process. Further studies should aim at the precise delin-
eation of this role.
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Samenvatﬁng voor niet-ingewijden

Het afweersysteem is erop gericht het lichaam te beschermen tegen bacterién, virussen
en andere micro-organismen. Wanneer een micro-organisme het lichaam is binnengedrongen,
kan dit door cellen van het afweersysteem worden opgenomen, waarna het wordt gedood en
verteerd. Deze cellen worden antigeen presenterende cellen genoemd. omdat ze deeltjes. of
antigenen. van het micro-organisme raar hun opperviak brengen en ze vervolgens laten zien
aan andere cellen van het afweersysteem, zoals T cellen. Voorbeelden varn antigeen presen-
terende cellen zijn dendritische cellen en macrofagen. Wanneer T cellen de vreemde deeltjes
herkennen. kan dit leiden tot hun activatie. Er wordt dan gesproken van een immuunreactie.
De geactiveerde T cellen kunnen vervolgens andere cellen doden, waaronder de cellen die,
ingeval van een virusinfectie. met dit virus zijn geinfecteerd. Daarnaast kunnen ze B cellen
stimuleren tot het produceren van antistoffen die ook een belangrijke rol spelen bij het
opruimen van het binnengedrongen micro-organisme.

Naast antigenen die afkomstig zijn van vreemde indringers, presenteren antigeen pre-
senterende cellen ook deeltjes die afkomstig zijn van lichaamseigen cellen. De B cellenen T
cellen hebben bepaalde moleculen, receptoren, op hun oppervlak waarmee ze onderscheid
kunnen maken tussen vreemde en eigen moleculen. Hiermee wordt voorkomen dat een
immuuonreactie ontstaat die gericht is tegen lichaamseigen moleculen. Echter. een enkele keer
maakt het afweersysteern een vergissing en richt het zich wel tegen een structuur van het
eigen lichaam. Er ontstaat dan een zogenaamde autoimmuunreactie. Wanneer deze autoim-
muunreactie leidt tot een chronische ontstekingsreactie en tot het ontstaan van ziektever-
schijnselen. wordt er gesproken van een autoimmuunziekte. Voorbeelden van autoimmuun-
ziekten zijn type 1 diabetes (waarbij de insuline-producerende cellen in de alvleesklier wor-
den aangevallen en vernietigd), multiple sclerose (waarbij het zenuwstelsel wordt aangetast).
en reuma {waarbij onder andere de gewrichten worden beschadigd). Het syndroom van
Sjogren is een autoimmuunziekte die. alhoewel minder bekend dan de zojuist genoemde,
voorkomt bij 1% van de populatie, met name bij vrouwen ouder dan 30 jaar. De autoim-
muunreactie richt zich vooral tegen de speeksel- en traanklieren, maar er kunnen ook andere
organen bij het ziektebeeld betrokken zijn. De chronische ontsteking die ontstaat in de speek-
sel- en traanklieren gaat gepaard met een verminderde productie van speeksel en traanvocht,
waardoor de pati€nten last krijgen van een droge mond en droge ogen.

Theoretisch gezien verloopt de ontwikkeling van het syndroom van Sjégren in twee
fasen, die geleidelijk in elkaar overgaan. In de eerste fase worden de eerste autoreactieve T
cellen geactiveerd en wordt de antoimmuunreactie op gang gebracht. De patiént heeft dit niet
in de gaten, aangezien er in deze vroege fase nog geen klachten zijn. In de tweede fase ver-
ergert de autoimmuunreactie en wordt de ontstekingsreactie in de speeksel- en traankdicren
chronisch van aard. De productie van speeksel en traanvocht neemt af, er ontstaan Klachten,
en de patiént zal een arts bezoeken die. na het uitvoeren van een aantal testen, de diagnose
kan stellen.



Alhoewel het inzicht in mechanismen die mogelijk een rol spelen bij het ontstaan van
de verminderde produktie van specksel en traanvocht de laatste jaren sterk is toegenomen, is
nog niet bekend waardoor de antoimmuunreactie wordt veroorzaakt, Tot nu toe heeft het
onderzoek naar de factoren, die mogelijk betrokken zijn bij het ontstaan van het syndroom
van Sjdgren. zich met name gericht op mogelijke fouten van het afweersysteem. T cellen en
de B cellen met receptoren die geen goed onderscheid kunnen maken tussen dat wat
lichaamsvreemd en dat wat lichaamseigen is, kunnen er de oorzaak van zijn dat er een
autoimmuunreactie optreedt, Het is echter ook mogelijk dat veranderingen, die ontstaan in
cellen van de speeksel- of traanklieren, ervoor zorgen dat deze cellen een vreemd witerlijk
krijgen. waardoor ze door het immuunsysteem als lichaamsvreemd worden gezien. De speek-
sel- en traanklieren zouden op deze manier zelf de oorzaak kunnen zijn van het ontstaan van
de autolmmuunreactie.

De vroege fase van het syndroom van Sjégren is lastig te bestuderen in patidnten,
aangezien de diagnose soms pas jaren na het ontstaan van de autoimmuunreactic wordt
gesteld. Daarom wordt voor onderzoek naar deze fase van het syndroom van Sjbgren vaak
gebruik gemaakt van proefdieren. Er bestaan verschillende muizenstammen waarin zich
spontaan een chronische ontstekingsreactic in de speeksel- en traanklieren ontwikkelt. Twee
van deze stammen zijn de NOD muis en de MRL/lpr muis. Beide stammen vertonen een
ontstekingsreactie in de speeksel- en traanklieren vanaf een leeftijd van ongeveer 10 weken.

Het onderzock, beschreven in dit proefschrift, heeft zich gericht op de mogelijke rol
van componenten die zich in de speekseliklier bevinden tijdens het ontstaan van sialoadenitis.
Zo wordt de ontstekingsreactie in de speekselklier genoemd. Wij hebben aangetoond dat in
de speekselklier van de NOD muis dendritische cellen aanwezig zijn v66r het ontstaan van
de sialoadenitis. In controle muizenstammen troffen we deze cellen niet aan. Dendntische
cellen spelen een belangrijke rol bij het activeren van T cellen. Alhoewel wij dat niet hebben
aangetoond, kan verondersteld worden dat de dendntische cellen in de speekselklier van de
NOD rmuis antigenen opnemen. waarmee ze naar de dichtstbijzijnde lymfklier reizen. In de
lymfklier zijn veel T cellen en B cellen aanwezig en de dendntische cellen kunnen hier op
zoek gaan naar een T cel die het antigeen, dat ze in de speekselklier hebben opgenomen,
herkent. Als zo™n autoreactieve T cel gevonden wordt, kunnen ze deze activeren, waarmee de
autoimmuunreactie start.

In de speekselklier van de MRL/lpr muis zijn geen dendritische cellen gevonden véér
het ontstaan van sialoadenitis. Het is mogelijk dat het mechanisme dat leidt tot het ontstaan
van de autoimmuunreactie in deze muis anders is dan in de NOD muis. Ook in de Jate fase
van het autoimmuunproces hebben we verschillen aangetoond tussen de beide muizenstam-
men. Het lijkt er daarom op, dat in deze twee muismodellen voor het syndroom van Sjdgren
twee typen sialoadenitis onderscheiden kunnen worden, die verschillen in zowel de vroege
als in de late fase van het zickteproces.

Vervolgens hebben wij onderzocht of in kleine speekselklieren. afkomstig uit de lip
van patignten met het syndroom van Sjdgren, en van controles, ook antigeen presenterende
cellen aangetoond konden worden. In de speekselklieren van Sjogren patiénten en van con-
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troles troffen we inderdaad dendrtische cellen en macrofagen aan. Tussen de speekselklieren
van patiénten vonden we daarbij verschillen die mogelijk gebruikt kunnen worden bij het
stellen van de diagnose van het syndroom van Sjdgren.

De rest van het onderzoek heeft zich geconcentreerd op het bestuderen van factoren in
de speekselklier van de NOD muis die betrokken zouden kunnen zijn bij het aantrekken van
de dendritische cellen. Wij hebben aangetoond dat de speekselklier van de NOD muis al bij
de geboorte afwijkend is. De klieren zien er anders uit, en de cellen van de speekselklier
ondergaan minder celdelingen dan die van controlemuizen. Daarnaast komen bepaalde mo-
leculen in een andere hoeveelheid voor op de cellen van de speekselklier van de NOD muis
in vergelijking met de controles. Bepaalde afwijkingen waren niet meer waarneembaar op
een leeftijd van 1 week, andere bleven abnormaal gedurende de hele ontwikkeling van
sialoadenitis.

Uit ons onderzoek hebben wij geconcludeerd dat bepaalde componenten in de speek-
selklier inderdaad een rol kunnen spelen bij het ontstaan van het syndroom van Sjégren.
Afwijkingen in de speckselklier veroorzaken waarschijnlijk de aantrekking van dendritische
cellen, die vervolgens autoreactieve T cellen kunnen activeren. Andere onderzoeksgroepen
hebben afwijkingen aangetoond in het afweersysteem van zowel de NOD muis als van
patiénten met het syndroom van Sjdgren. Wij veronderstellen daarom dat de droge mond bjj
patignten met het syndroom van Sjdgren wordt veroorzaakt door een samenspel van
afwijkingen in de speekselklier en afwijkingen in het afweersysteem.
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