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Abstract. §ogren's syndrome is a chronic autoimmnune disorder characterized primarily by the discomforts od
dry eyes and dry mouth due to the progressive loss of exocrine gland function. Development of a number of
anima models to study Sjogren’'s syndrome, especially the NOD mouse and its congenic partner strains, has
permitted a systematic analysis of immunological and non-immunological factors that influence predisposition
for development of the autoimmune response. These data are reviewed here.
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I ntroduction

Sjogren’s syndrome is defined as a chronic inflam-
matory autoimmune disorder primarily affecting the la-
crimal and salivary exocrine glands. However, the dis-
order has also been associated with numerous
extraglandular manifestations affecting such diverse
tissues as the cardiovascular, central nervous, and renal
systems'®. Diagnostic criteriainclude oral and/or ocular
dryness, focal lymphocytic infiltrates in the exocrine
tissues, and the presence of various autoantibodies in
patient sera, particularly against the nuclear factors SS-
-A/Ro and SS-B/La. Due to inconsistencies in the vari-
ous diagnostic scales, evaluation of disease prevalence
worldwide is somewhat difficult and further compli-
cated by the chronic and inconsistent nature of the
symptoms in patients. Recently, the clinical features
and epidemiology of Sjogren’s syndrome have been
adequately reviewed (see Fox et a.'®, Fox and
SeeicHT™®); therefore, this review will restrict its dis-

cussion to immunological features of Sogren's syn-
drome.

Typicaly, Sjogren’s syndrome is diagnosed in its
later stages, when focal lymphocytic infiltration and
glandular destruction have already occurred. For this
reason, the initial and early events in the pathogenesis
of the disease remain largely unknown. Conversely, the
persisting immunological response in the context of the
minor salivary glands has been studied to a much
greater depth. Thisis, in part, areflection of therelative
accessibility of the minor salivary glands in obtaining
tissue biopsies. This has allowed for the assessment of
cytokine activity, as well as the categorization of infil-
trating leukocyte populations in the glands of patients
exhibiting an ongoing disease process. During the past
couple of decades, investigators have established sev-
eral inbred mouse strains as applicable animal models
for the further study of Sjogren’s syndrome pathogen-
esis. Among others, the MRL/Ipr, NFS/sld and the
NOD and NOD.B10.H-2° mouse strains have emerged
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as the most popular animal models for §ogren’s syn-
drome based on immune infiltration of the exocrine
tissues, cytokine profiles, and serology®2% 4. Addi-
tionally, the NOD and NOD.B10.H-2° mice exhibit an
immune-dependent loss of secretory function in both
the lacrima and salivary glands. Assuming the appro-
priateness of these anima models, our understanding of
both the initiation and development of Sdgren’s syn-
drome has advanced markedly, from a reasonable ap-
preciation of the later stages of the disease, to the deter-
mination of numerous additional autoantigens and,
more importantly, insights into the initiating events in
the disease.

Etiology of §dgren’s Syndrome

Like other autoimmune disorders, Sjogren’s syn-
drome appears to be a multifactorial disease, with its
onset dependent on both intrinsic and extrinsic parame-
ters. From a genetic standpoint, there appears to be an
association with certain MHC haplotypes, especialy
DR3 and DQ2 in patient populations®, and genomic
analysis in animal models has already uncovered re-
gions on chromosomes 1, 3, 4, 10, and 18 associated
with susceptibility’™ “*. Since these chromosomal re-
gions are polygenic, it isimpossible at thistime to state
definitively whether the regulatory elements encoded in
these loci are immunological in nature. However, glan-
dular remodeling occurs in the submandibular glands
of NOD-scid mice in the absence of an adaptive im-
mune response® and this strongly suggests that non-im-
munological regulators exist. In the NOD mouse
model, chromosome 1 contains a susceptibility locus
which appearsimportant in the devel opment of sialitis'’
as well asthe focal infiltration of the lacrimal glands'*.
A summary of the genetic loci including some of the
potential genes of interest are included in Table 1. With
the application of emerging technologies, such as
microchip array systems, to study gene expression in
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the affected exocrine tissues, we will hopefully gain
a clearer insight into the non-immunologic aspects of
Sjogren’s syndrome pathogenesis.

More than any other body of evidence, the studies
in the NOD-scid mouse have promoted the idea that the
exocrinopathy may not be entirely dependent on the
immune infiltrate. This anima model exhibits gross
morphological restructuring® and elevated levels of
apoptosis in the salivary and lacrimal epithelia cells
despite the absence of glandular lymphocytic foci3!.
Furthermore, while proapoptotic proteins such as cas-
pase-3 and Bax are elevated in acinar and ducta tis-
sues** along with bcl-2 (an anti-apoptotic factor) in
NOD and NOD-scid mice, the infiltrating lymphocytic
populations found in the NOD exocrine glands appear
to upregulate bcl-2 only*®, while maintaining normal
expression levels of caspase-3 and Bax. This suggests
that theinfiltrates may reside within the exocrine glands
in a protected state. The presence of congtitutively ex-
pressed FasL and induced Fas expression on the sali-
vary epithelial cell surfaces at progressive stages of
disease, along with the increase in TUNEL staining
indicative of excessive programmed cell death'®, en-
courages the belief that an underlying disturbance in
glandular homeostasis could potentially facilitate or
even promote immunopathological activity.

Non-immunological factors influencing the devel-
opment of Sjogren’s syndrome also include hormonal
regulation, as suggested by the sexua dimorphism (9: 1
in favor of females over males) found in the patient
population. This has been supported by numerous lacri-
mal studiesin models such asthe MRL and NZB/NZW
mouse strains, where androgens tend to exert a protec-
tive influence for dacryoadenitis®. Interestingly, the
NOD mouse presents areversal of androgen influence,
where the presence of androgens correlates to increased
lacrimal destruction?” *®. In the case of the influence of
the sex hormones on disease pathogenesis, it is worth
emphasizing that, while endocrine regulation may not
itself be directly immunological in nature, studies have

Table 1. Susceptibility loci mapped in mouse models of Sjogren’s syndrome? P

Chromo-

Mouse model cM length Genes of interest
some
1 NOD/MRL/Ipr 40/3.9 IL-1R, caspase-8, caspase-10, CTLA-4, pgs-2 ©
3 NOD 0.35 IL-2
4 MRL/lpr (female only) 16.9 Fafl, IFNA1, IFNB1, Jun, Lck
10 MRL/lpr 19 MIF, ITGB2
18 MRL/lpr 8 FGF1, GRL

2 From ENCINAS, et. a.*3.
b From NISHIHARA, €t. al. a1

¢ These genes are all potential candidates within the NOD-derived genome segment.
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demonstrated the abilities of estrogens and androgens
to regulate the immune response® %,

Environmental factors have been studied in associ-
ation with events leading to localized immune activa-
tion and to immune dysregulation and disease onset.
Viral-induced onset of disease tends to receive a signi-
ficant amount of attention and, along these lines, sev-
eral vira pathogens have been identified as potential
etiologic agents for §jogren’s syndrome. Several mem-
bers of the gamma herpesvirus family, most notably
Epstein-Barr virus (EBV)' > and human herpesvirus
type 6 (HHV-6)Y, have been detected at a dlightly
higher frequency in §jogren’s syndrome patients. Sicca
symptoms have also been associated with elevated
serum antibody titres against hepatitis C virus (HCV)?.
Despite the extensive studies on viral etiologic agents
leading to S§jogren’ s syndrome, no single virus has been
conclusively identified as a direct causative agent and,
quite possibly, multiple chronic insults may act in con-
cert to trigger the necessary immune activation leading
to autoimmune exocrinopathy.

Cytokine Profiles in §dgren’s Syndrome

Cytokine expression in the sadlivary glands of
Sjogren’s syndrome patients plus that observed in vari-
ous mouse models suggests a pro-inflammatory profile.
Cytokine mapping in the salivary and lacrimal glands
has relied largely on the measurement of stable mRNA
levels via reverse transcriptase-polymerase chain reac-
tion. Evauation of patient populations revea the ex-
pression of IL-1B, IL-2, IL-6, IL-10, IL-12, IL-18,
TNF-a, TGF- and IFN-y in the minor labial glands.
Similarly, studies in the mouse models report the ex-
pression of IL-1(3, IL-2, IL-6, IL-7, IL-10, IL-12, TNF-q,
TGF-B, iINOS and IFN-y in the submandibular and la-
crimal glands'® %, In addition, IL-5 is noted in the
murine lacrimal gland®® *. Rarely, IL-4 can be detected
but is generally considered absent in the infiltrated
glands. More recent studies in both human and mouse
sdlivary glands have indicated that this comprehensive
pro-inflammatory pattern of cytokine expression can be
detected in the salivary tissues of healthy donorsaswell
as non-autoimmune mouse strains at levels similar to
disease-state values®> ®°. It would appear, therefore, that
rather than being a defining hallmark of the disease
process, these cytokine mRNA expression profiles are
more a reflection of tissue specific micro-regulation of
the immune responses favoring a pro-inflammatory re-
sponse in these glands in the context of localized im-
mune activation. In support of this, Fox, et. al.*® showed
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that acinar and ductal epithelial cells express a wide
variety of cytokine mRNA, including IL-2, IL-6, IL-10,
TNF-a, IFN-y and TGF-[3, while other reports indicate
that IFN-y can induce upregulation of IL-1f3, IL-6 and
TNF-a, aong with HLA-DR and ICAM-1 in HSG
cells® %, In contrast to mRNA levels, the protein ex-
pression of the infiltrating lymphocytes and epithelial
cells in murine salivary glands, as measured by immu-
nocytochemistry, is markedly different between NOD
versus Balb/c control strains. In the case of the pro-in-
flammatory cytokines, significantly greater quantities
can be detected in association with the Sjogren’s syn-
drome-like disease state®. In essence, this accentuates
an extremely important point, i.e. while mRNA levels
in a cell may reflect gene activation, gene expression
and gene product activity are regulated on many levels
beyond transcription by cellular manipulation of trans-
lation rates, post-tranglational modifications, and even
product sequestration. Therefore, MRNA expression le-
vels may not necessarily equate with protein express-
ion. In fact, this appears to be the case in terms of
glandular cytokine expression.

Ongoing studies using cytokine knockout mice are
revealing interesting new insights regarding the auto-
immune pathogenesis. Although the detection of spe-
cific cytokine expressions in target tissues may reveal
an underlying role for that cytokine, this approach oper-
ates under the assumption that the entire pathological
course of events occurs in the target tissues. Studies
employing cytokine-deficient congenic animas em-
phasize an essential consideration that critical aspects
of the pathogenic processes in Sjogren’s syndrome
occur outside the environment of the exocrine glands.

Just as there are limitations to looking at cytokine
expression levelsin the target tissues, it can be mislead-
ing to define the importance of a cytokine based on
changes in disease pathogenesis in its absence or over-
expression. Certainly, it has been shown many times
over that the activity of a cytokine is not simply con-
trolled by its presence or absence, but also by the level
and timing of its expression® “2 Additionally, many
cytokines, for instance IL-4 and 1L-13, have overlap-
ping effects, such that the elimination of an individual
cytokine from an in vivo system may not exhibit as
dramatic an effect, despite the distinct role of the factor
in the normal disease process®®. This can be seen, to
a certain extent, in the differential effects, of cytokine
versus cytokine receptor deletions®. Regardless, gene-
-knockout models eliminating either cytokines or cell
populations provide unique new perspectives into the
guestions or relevance with regard to these immune
components.
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Analysis of the NOD.IL-4~ mouse exemplifies the
highly significant contribution of studies introducing
cytokine deficiencies into a disease-susceptible mouse
to map cytokine functions. IL-4 is rarely if ever de-
tected in salivary or lacrimal gland homogenates in
studies of mouse models, or in labial gland biopsies of
patients, yet this cytokine is absolutely critical in driv-
ing the suppression of secretory function in the autoim-
mune exocrinopathy in the context of the NOD mouse.
The NOD.IL-4~ mouse develops massive focal lympho-
cytic infiltrates in the exocrine glands despite maintain-
ing normal secretory capacity throughout its life (un-
published data). Further elucidation of the composition
of the infiltrating lymphocytes reveals a decreased per-
centage of B cells compared with the NOD parental
strain. This finding supports accumulating evidence
that the secretory suppression in the lacrimal and sali-
vary glands is a direct result of autoantibodies acting
on the fluid-secreting acinar cells'.

Another cytokine that has received increasing atten-
tion is IL-10. IL-10 expression increases notably over
time in the course of disease progression and, to make
this factor even more interesting, thereisaviral homo-
logue secreted by EBV®, a virus associated with
Sjogren’s syndrome manifestation. Recent studies in
which a transgene construct introducing 1L-10 under
the control of the salivary amylase promoter to induce
exocrinopathy show that the induction of IL-10 ex-
pression in the salivary glands can lead to foca infil-
tration and secretory suppression in the C57BL/6
genetic background®. However, in the context of the
Sjogren’s syndrome-like pathology, introduction of the
IL-10-deficiency mutation into the NOD mouse contra-
dicts the findings derived from IL-10 overexpression.
The lack of IL-10 apparently has little effect, as these
animals develop normal, if not exacerbated, focal infil-
tration and disease progression. This should not neces-
sarily be interpreted as a contradiction, but rather as
a prime example of the importance of timing of ex-
pression as opposed to strict cytokine presence in di-
recting an immune response. Taken together, the
studies on overexpression and deficiency of 1L-10 sug-
gest that this cytokine would appear to be capable of
contributing to the underlying pathology but is not, in
and of itself, absolutely necessary for Sjogren’s-like
disease progression. These data begin to establish par-
dlels to the other autoimmune diseases such as
diabetes, where more extensive studies into the role of
IL-10 in disease onset in the NOD model imply that
IL-10 acts in a distinctly time-dependent fashion, such
that it promotes and even accel erates diabetes initiation
when expressed constitutively in the pancreatic tissues,
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but servesto ameliorate pancreatitis when administered
later in the course of the disease> & # %8,

Characterization of Infiltrating Lymphocytes

As cytokine profiles suggest, the focal lymphocytic
infiltrates found in the salivary and lacrimal glands of
Sjogren’ s patients as well as of mouse models are com-
prised predominantly of CD4" a3 T cells. In the human
disease, lymphocytes comprise approximately 80% of
the focal infiltrates'™. Plasma B cells present in the le-
sions produce mostly IgM and I1gG*’ and have a greater
than normal tendency to mutate into lymphomas>, one
of the more serious and certainly lethal consequences
of §jogren's syndrome. The salivary infiltrates in the
NOD mouse are comprised of approximately 45% CD4*
cells, 15-20% B cells, and 10-15% CD8" T cdls,
whileinthelacrimal glands, the populations are skewed
dightly in favor of the B cells (25-30%), the Th cells
constituting approximately 25-30%. Of note, unlike
the human pathology, the NOD parotid glands remain
free of lymphocytic infiltrates. The infiltrating T cells
express restricted Vg usage in both tissues, with an in-
creased use of Ve and Vgg®. Whilefocal infiltrates will
develop at different times depending on the animal
model studied (and certainly in Sjogren’ s syndrome pa-
tients), comparisons of the NOD and MRL/lpr strains
indicate that the autoimmunity in the NOD model, but
not the MRL/lIpr model, is preceded by an influx of
CD11c" dendritic cells™.

The analysis of aberrant apoptotic activity in the
diseased exocrine glands has led to severa interesting
observations regarding the focal immune infiltrates.
While various studies have shown elevated levels of
apoptosisin the salivary exocrine tissues in association
with disease onset in both Sjogren’s syndrome patients
and in the various mouse models® 3* “, there is also
data suggestive that the immune infiltrates are exces-
sively resistant to the induction of programmed cell
death. First of all, these populations appear to have
upregulated bcl-22 2, which may contribute to their
protection against programmed cell death induced by
upregulated expresson of Fasl_ in the sdivary tissues® and,
subsequently, an aberrant persistence in the exocrine glands.
Thisisin marked contragt to the documented upregulation of
Bax and cagpase-3 in the sdivary acinar cdls™.

The exact role of the infiltrating populations re-
mains obscure; however, the importance of the individ-
ual subpopulationsiswell documented. Adoptive trans-
fer studies have demonstrated the ability of splenic
T cellsfrom diseased NOD mice to transfer sialadenitis
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into neonates?, suggesting that the T cell compartment
of the immune response is able to drive the underlying
histopathology observed in §jogren’ s syndrome. Thisis
further supported by our recent findings in the context
of the NOD.IFN-y- mouse model that histopathol ogy
and secretory dysfunction do not occur in the absence
of IFN-y, a classic inflammatory cytokine (unpublished
data). Recent evidence also suggests that, just asin the
case of autoimmune diabetesin the NOD background™ %,
B lymphocytes are essential for initiation and effector
phases of autoimmune exocrinopathy. NOD.Igu™"
mice, deficient in B lymphaocytes, develop only sparse
infiltrates and maintain full secretory capacity®. This
also emphasizesthe fact that glandular immune infiltra-
tion by T cells alone is not sufficient to drive the glan-
dular hypofunction, although this does not entirely rule
out the possibility that T cells may contribute to glan-
dular suppression in a B cell dependent fashion, requir-
ing the B cell as an antigen-presenting cell and thereby
leading to the unique activation of an effector T cell
subpopulation. Nonetheless, the passive transfer of
patient- or NOD-derived 1gG induces exocrine cell sup-
pression in the B cell-deficient NOD mouse, demon-
strating the significant and dominant role of autoantibo-
dies in this capacity®.

Expanding Our Understanding

Our appreciation of the immunological component
in §ogren’s syndrome has greatly improved based on
the studies of several mouse models of autoimmune
exocrinopathy. Unfortunately, in our attempts to dissect
the significant events in the immunological attack on
the exocrine tissues, there is a tendency to focus too
narrowly on a specific gland, typically either the lacri-
mal or salivary glands, rather than assessing the global
effects in all of the affected tissues unilaterally. The
oral and ocular manifestations of Sjogren’s syndrome
share many similar underlying factors, despite the ex-
istence of several fundamental differences such as
dlight variancesin the expression of cytokines. The fact
that the development, of Sjégren’ s syndrome in patients
may effect both the lacrimal and salivary glands, or
target one of these exocrine glands independently, im-
plies that there is till a need to continue focusing, in
part, on the individual glandular pathologies. However,
such intriguing findings as the importance of I1L-4 em-
phasize the point that smply looking at the pathogen-
esis within the exocrine glands fails to take into con-
sideration many essential factors occurring on a more
global systemic immunological level. In fact, of the
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autoimmune pathologies reliant on an effector autoanti-
body, pemphigus vulgaris is one of the few that is as-
sociated with the detection of IL-4 at the site of im-
mune-mediated damage, while autoimmune diseases
such as Grave's disease and Hashimoto's thyroiditis,
dependent at least in part on the presence of effector
autoantibodies similar to §jogren’s syndrome, are his-
torically associated with a pro-inflammatory cytokines
such as IFN-y in the glands” > . Many of the critical
events involved in orchestrating the immunological at-
tack occur in the draining lymphatics, not in the tissue
lesion. Certainly, all evidence points to this scenario
being the case in terms of Sjogren’s syndrome. For
instance, the antibodies shown to mediate exocrine sup-
pression are produced by plasma B cells that likely
reside in the lumenal regions of the draining lymph
nodes or in the bone marrow despite the evidence sup-
porting locally produced IgM and 1gG by infiltrating
B cells. This does not rule out the importance of the
exocrine lymphocytic infiltrates in the overall disease
state, but it also implies that important effector popula-
tionsreside in extraglandular locations. Therefore, con-
clusions drawn from the analysis of the disease state
strictly within the exocrine tissues, such as cytokine
profiles, do not provide enough information to under-
stand truly the mechanisms of the disease.

Over the last few years, new strategies have been
applied to §ogren’s syndrome research with the aim of
identifying cytokine production associated with the in-
vading leukocyte populations. Rather than simply
measuring mMRNA message levels (especially with the
recent appreciation for inconsistencies involving
MRNA message versus protein expression), investiga-
tors have been increasingly reliant on isolating clonal
T cell populations to identify Th cytokine expression
profiles. The conclusions generated from this approach
have provided significantly different information and
have brought much of the mRNA-based cytokine data
into question with respect to several autoimmune dis-
easss induding §ogren' s syndrome and Grave's diseass™ oL,
However, it is critica to point out that any conclusions
drawn from cdl culture experiments must be treated with
acertain degree of skepticism, due to theinherent nature of
lymphocytes to adjust quickly to their environment result-
ing in dtered clona sdlection within the cell population or
even changed commitment to a Th pathway.

Looking more closely at Sjogren’s syndrome, cyto-
kine mRNA analyses within the target tissues repeated-
ly suggest an absence of 1L-4 despite the development
of a criticad humora component in the disease pa
thogenesis, not to mention the development of one of
the hallmark features of Sjogren’s, B cell hyperplasa
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and hypergammaglobulinemia. In contrast, the isolation
and study of T cell clones has brought to light the ex-
istence of ThO and Th2 subpopulations secreting IL-4
in the tissue lesions®. This is in agreement with the
observations recorded in the characterization of the IL-4
knockout model of §égren’s syndrome. If T cell clona
isolation and expansion experiments are to be believed,
then MAaTsumoTo, et a.*® may have identified a poten-
tial source for the IL-4 that appears to be essential in
autoimmune exocrinopathy in the NOD mouse. None-
theless, it is important to consider that in vitro clonal
expansion of isolated T cells may introduce alterations
into the commitment patterns of these cellsto a specific
Th profile' and in vitro culture systems can easily be
manipulated to force this change®. Furthermore, the
presence of ThO cells in the glandular lesions at the
time of cell isolation, which may simply be at an earlier
non-committed stage of development, may serve as
a possible source of experimental artifact with respect
to the presence of T lymphocytes in the lesions exhi-
biting a Th2 profile ex vivo. In retrospect, the mRNA
expression data derived from tissue samples may call
in vitro clonal expression data into question.

Finally, this approach still perpetuates one of the
most difficult challenges in the understanding of
Sjogren’s syndrome, which is to enhance our com-
prehension of the global multi-organ disease state as it
exists in the patient. Infiltrating lymphocytic popula-
tions isolated from lacrimal versus salivary gland le-
sions will no doubt be different, simply based on the
influence the target tissues exert on the immune re-
sponse as evidenced, in part, by the specific infiltration
of the lacrimal glands but not the salivary glandsin the
NOD.IFN-y~ mouse (unpublished observation). But in
the chronological order of events leading to the activa-
tion of the autoimmune lymphocyte, the exocrine gland
is only one of the critical microenvironments that pro-
vide essential maturation signals. In conclusion, while
these approaches tend to provide significant insights
into the mechanisms, we cannot possibly expect to un-
derstand the true pathogenesis of Sjogren's syndrome
until we begin to consider not just what cells or cytokines
are present, but also when and where cytokines influence
cell development, and the sequence of events, microenvi-
ronments, and cdlular interactions that critically influence
the maturation of the adaptive immune response that
mounts a devastating attach againgt the exocrine glands.

References

1. AARVAK T., CHABAUD M., KALLBERG E., Miossec P. and NAT-
VIG J. B. (1999): Changein the Th1/Th2 phenotype of memory

10.

11.

12.

13.

14.

15.

16.

17.

J. B. Brayer et al.: Immunology of Sjégren’s Syndrome

T-cell clones from rheumatoid arthritis synovium. Scand. J. Im-
munol., 50, 1-9.

. ALMASIO P., PROVENZANO G., SCIMEMI M., CAsclo G., CRAXI

A. and PAGLIARO L. (1992): Hepatitis C virus and Sjogren’s
syndrome. Lancet, 18, 989-990.

. ANGELE M. K., KNOFERL M. W., SCHWACHA M. G., AYALA

A., CioFr W. G., BLAND K. I. and CHAUDRY I. H. (1990): Sex
steroids regulate pro- and anti-inflammatory cytokine release by
macrophages after traumahemorrhage. Am. J. Physiol., 277,
C3542.

. ARNETT F., GOLDSTEIN R., Duvic M. and RevEILLE J. (1988):

Major histocompatibility complex genesin systemic lupus ery-
thematosus, Sogren’s syndrome, and polymyositis. Am.
J. Med,, 85, 3841.

. BALASA B., DAVIES J. D., LEe J., Goop A., YEUNG B. T. and

SARVETNICK N. (1998): IL-10 impacts autoimmune digbetes via
aCD8" T cell pathway circumventing the requirement for
CD4" T and B lymphocytes. J. Immunol., 161, 4420-4427.

. BALAsA B. and SARVETNICK N. (1996): The paradoxical effects

of interleukin 10 in the immunoregulation of autoimmune
diabetes. J. Autoimmun., 9, 283-286.

. BaLAsa B. and SARVETNICK N. (2000): Is pathogenic humoral

autoimmunity a Thl response? Lessons from (for) myasthenia
gravis. Immunol. Today, 21, 19-23.

. BARNER M., MOHRS M., BROMBACHER F. and Kopr M. (1998):

Differences between IL-4R apha-deficient and IL-4-deficient
mice reveal arole for IL-13 in the regulation of Th2 responses.
Curr. Biol., 8, 669-672.

. BoLstaD A. I. and JONSSON R. (1998): The role of gpoptosisin

Sjogren’s syndrome. Ann. Med. Interne, 149, 25-29.

BoumBA M., SkorpouLl F. N. and MOUTSOPOULOS
H. M. (1995): Cytokine mRNA expression from patients with
primary Sjogren’s syndrome. B. J. Rheumatol., 24, 326-333.
BRAYER J., LOWRY J,, CHA S., RoBINSON C. P., YAMACHIKA S,,
Peck A. B. and HUMPHREYS-BEHER M. G. (2000): Alleles
from chromosomes 1 and 3 of NOD mice combine to influence
Sjogren’ s syndrome-like autoimmune exocrinopathy. J. Rheu-
matol., 27, 1896-1904.

DEe-PiTtA O., FREZZOLINI A., CIANCHINI G., RUFFELLI M., TEO-
FoLl P. and Pubbu P. (1997): T-helper 2 involvement in the
pathogenesis of bullous pemphigoid: role of soluble CD30
(sCD30). Arch. Dermatol. Res., 289, 667-670.

ENncINAS J. A, WICKER L. S., PETERSON L. B., Mukosa A,
TeUsCHER C., SoBEL R., WEINER H. L., SEIDMAN C. E., SEID-
MAN J. G. and KucHroo V. K. (1999): QTL influencing auto-
immune diabetes and encephalomyelitis map to a 0.15-cM re-
gion containing IL12. Nat. Genet., 21, 158-160.

FALCONE M., LEE J., PATSTONE G., YEUNG B. and SARVETNICK
N. (1998): B lymphocytes are crucial antigen-presenting cells
in the pathogenic autoimmune response to GAD65 antigen in
nonobese diabetic mice. J. Immunol., 161, 1163-1168.

Fox R. 1., AbAmsoN T. C., FONG S., YounG C. and HOWELL
F. V. (1983): Characterization of the phenotype and function of
lymphocytes infiltrating the salivary gland in patients with pri-
mary Sjégren syndrome. Diagn. Immunol., 1, 233-239.

Fox R. I., PEARSON G. and VAUGHAN J. (1986): Detection of
Epstein-Barr virus-associated antigens and DNA in sdlivary
gland biopsies from patients with Sjoegren’s syndrome. J. Im-
munol., 137, 3162-3168.

Fox R. 1., Saito I., CHAN E. K., JOSEPHS S., SALAHUDDIN S. Z.,
AHLASHI D. V., STAAL F. W., GALLO R., PEI-PING H. and LE



J. B. Brayer et d.: Immunology of Sjégren’s Syndrome

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

C. S. (1989): Vird genomes in lymphomas of patients with
Sjogren’s syndrome. J. Autoimmun., 2, 449-455.

Fox P. C. and SPEIGHT P. M. (1996): Curent concepts in auto-
immune exocrinopathy: immunologic mechanisms in the sali-
vary pathology of Sogren's syndrome. Crit. Rev. Ora Biol.
Med., 7, 144-158.

Fox R. l., TORNWALL J., MARUYAMI T. and STERN M. (1998):
Sjogren’ s syndrome: Evolving concepts of diagnosis, pathogen-
esis and therapy. Curr. Opin. Rheumatol., 10, 446-456.
GARCON H. J, BEDOSsA P., ELoY L. and BAcH J. F. (1991):
Identification and localization on chromosome 1 of a gene con-
trolling the occurrence of preiinsulitis in NOD diabetic mice.
C. R. Acad. Sai. 111, 312, 377-381.

GoiLLoT E., MUTIN M. and TOURAINE J. L. (1991): Sialadenitis
in nonobese diabetic mice: transfer into syngeneic healthy neo-
nates by splenic T lymphocytes. Clin. Immunol. Immunopa-
thol., 59, 462-473.

GROssMAN C. (1989): Possible underlying mechanisms of sex-
ual dimorphism in the immune response, fact and hypothesis.
J. Steroid Biochem., 34, 241-251.

HamaNo H., HANEJ N., YANAGI K., IsHIMARU N. and
HAYASHI Y. (1996): Expression of HLA-DR and cytokine
genes on interferon-gammarstimulated human salivary gland
cell line. Pathobiology, 64, 255-261.

HANEJ N., HAMANO H., YANAGI K. and HAYASHI Y. (1994):
A new anima mode for primary Sogren's syndrome in
NFS/sld mutant mice. J. Immunol., 153, 2769-2777.
HorFFMAN R. W., ALSPAUGH M. A., WAGGIE W. S., DURHAM
J. B. and WALKER S. E. (1984): Sogren’'s syndrome in MRL/1
and MRL/n mice. Arthritis Rheum., 27, 157-165.
HUMPHREYS-BEHER M. G., HU Y., NAGAKAWA Y., WANG P.-L.
and PurusHoTHAM K. R. (1994): Utilization of the NOD
mouse as a model for the study of secondary Sjogren’s syn-
drome. Adv. Exp. Med. Bial., 350, 631-637.

HUNGER R. E., CARNAUD C., VOGT |. and MUELLER C. (1998):
Male gonadal environment paradoxically promotes dac-
ryoadenitis in nonobese diabetic mice. J. Clin. Invest., 101,
1300-13009.

ICHIKAWA Y., ARIMORI K., YOSHIDA M., HORIKI T., HOSHINA Y .,
MoRITA K., UCHIYAMA M., SHIMIZU H., MORIUCHI J. and TA-
KAYA M. (1995): Abnormal expression of apoptosis-related
antigens, Fas and bcl-2, on circulating T-lymphocyte subsetsin
primary Sjogren’s syndrome. Clin. Exp. Rheumatol., 13, 307—
313.

Kotkowsk! E. C., RETH P., PELUSA F., BoscH J., PuioL-Bor-
RELL R., CoLL J. and JARAQUEMADA D. (1999): Th1 predomin-
ance and perforin expression in minor salivary glands from
patients with primary Sjégren’s syndrome. J. Autoimmun., 13,
155-162.

KONG L., Ocawa T., NAKABAYASHI G. T., Liu E., D’Souza
H. S, McGurr D., GUERRERO N., TALAL N. and DANG
H. (1997): Fas and FasL expression in the sdivary glands of
patients with primary Sjégren’s syndrome. Arthritis Rheum.,
40, 87-97.

KoNG L., RoBiNsoN C. P., PEck A. B., VELA-RoCH N., SAKA-
TA K. M., DANG H., TALAL N. and HUMPHREYS-BEHER
M. G. (1998): Inappropriate apoptosis of salivary and lacrimal
gland epithelium of immunodeficient NOD-scid mice. Clin.
Exp. Rheumatol ., 16, 675-681.

KONTTINEN Y. T., KEMPPINEN P., Koskl H., LI T. F., JUMP-
PANEN M., HIETANEN J., SANTAVIRTA S,, SALOT., LARSSON A.,

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

359

HAKALA M. and Sorsa T. (1999): T(H) 1 cytokines are pro-
duced in labia sdivary glandsin Sjogren’s syndrome, but also
in healthy individuals. Scand. J. Rheumatol., 28, 106-112.
LEVITE M. (1998): Neuropeptides, by direct interaction with
T cells, induce cytokine secretion and break the commitment to
adistinct T helper phenotype. Proc. Natl. Acad. Sci. USA, 95,
12544-12549.

. MANGANELLI P., QUAINI F., ANDREOLI A. M., LAGRASTA C,,

PiLATO F. P., ZuccaRELLI A., MONTEVERDI R., D’AVERSA C.
and OLIVETTI G. (1997): Quantitative analysis of apoptosis and
bcl-2 in §dgren’ s syndrome. J. Rheumatol., 24, 1552-1557.
MASAGO R., AIBA-MASAGO S., TALAL N., JMINEZ-ZULUAGA
F., AL-HAsHIMI |, MooDY M., LAU C. A., PEck A. B., BRAYER
J., HUMPHREYS-BEHER M. G. and DANG H. (2001): Elevated
proapoptotic BAX and caspase-3 activation in the NOD-scid
model of Sjogren’s syndrome. Arthritis Rheum., 44, 693-702.
MATsumoTO I., OKADA S., KURODA K., IwAMOTO |, SAITO Y .,
ToKUHISA T., NisHIOKA K. and SumIDA T. (1999): Single cell
analysis of T ceds infiltrating labial sdivary glands from pa-
tients with §ogren’'s syndrome. Int. J. Mol. Med., 4, 519-527.
MATTHEWS J. B., DEACON E. M., WiLsoN C., PoTTs A. J. and
HAMBURGER J. (1993): Plasma cell populations in labial sdi-
vary glands from patients with and without Sogren’s syn-
drome. Histopathology, 23, 399-407.

Moore K. W., VIEIRA P., FIORENTINO D. F., TROUNSTINE
M. L., KHAN T. A. and MosmANN T. R. (1990): Homology of
cytokine synthesis inhibitory factor (IL-10) to the Epstein-Barr
virus BCRF1. Science, 248, 1230-1234.

MORIYAMA H., YOKONO K., AMANO K., NAGATA M., HASEGA-
WA Y., OkaMmoTO N., TsukamoTo K., MikI M., YONEDA R,
YAGI N., TOMINAGA Y., KIKUTANI H., HiokI K., OKUMURA K.,
YAGITA H. and Kasuca M. (1996): Induction of tolerance in
murine autoimmune diabetes by transient blockade of leukocyte
function-associated antigen- L/intercellular adhesion molecule-1
pathway. J. Immunol., 157, 3737-3743.

MusTtara W., ZHU J.,, DENG G., DIAB A., LINK H., FRITHIOF
L. and KLINGE B. (1998): Augmented levels of macrophage
and Th1l cell-related cytokine mRNA in submandibular glands
of MRL/1pr mice with autoimmune sialoadenitis. Clin. Exp.
Immunol., 112, 389-396.

NISHIHARA M., TERADA M., KAMOGAWA J., OHASHI Y., MORI S,,
NAKATSURU S., NAKAMURA Y. and Nost M. (1999): Genetic
basis of autoimmune sialadenitisin MRL/1pr lupus-prone mice-
-additive and heirarchical properties of polygenic inheritance.
Arthritis Rheum., 42, 2616-2623.

PaNKEWYCZ O. G., GUAN J. X. and BENEDICT J. F. (1995): Cy-
tokines as mediators of autoimmune diabetes and diabetic com-
plications. Endocr. Rev., 16, 164-176.

Pauza M. E., NEAL H., HAGENBAUGH A., CHEROUTRE H. and
Lo D. (1999): T-cell production of an inducible interleukin-10
transgene provides limited protection from autoimmune
diabetes. Diabetes, 48, 1948-1953.

. RoBINSON C. P,, BRAYER J.,, YAMACHIKA S., EscH T. R., PEcK

A. B., STEWART C. A., PEeEN E., JoNSsON R. and HUMPHREY S-
-BEHER M. G. (1998?: Transfer of human serum IgG into non-
obese diabetic Igp”“' mice reveals a role for autoantibodies in
the loss of secretory function of exocrine tissues in §ogren's
syndrome. Proc. Natl. Acad. Sci. USA, 95, 7538-7543.

RoBINsON C. P., CorNELIUS J., BouNnous D. E., YAMAMOTO
H., HUMPHREYS-BEHER M. G. and Peck A. B. (1998): Charac-
terization of the changing lymphocyte populations and cytokine



360

46.

47.

48.

49,

50.

51.

52.

53.

expression in the exocrine tissues of autoimmune NOD mice.
Autoimmunity, 27, 29-44.

RoBINsON C. P., YAMACHIKA S., ALForD C. E., Coorer C,,
PicHARDO E. L., SHAH N., PEcK A. B. and HUMPHREYS-BEHER
M. G. (1997): Elevated levels of cysteine protease activity in
sdliva and sdlivary glands of the nonobese diabetic (NOD)
mouse model for Sjégren syndrome. Proc. Natl. Acad. Sci.
USA, 94, 5767-5771.

RoBINsON C. P., YAMACHIKA S., BouNous D. |., BRAYER J,,
JONSSON R., HoLMDAHL R., PEck A. B. and HUMPHREYS-BE-
HER M. G. (1998): A novel NOD-derived murine model of pri-
mary §ogren’s syndrome. Arthritis Rheum., 41, 150-156.
RoBINsON C. P., YAMAMOTO H., PEcK A. B. and HUMPHREYS-
-BEHER M. G. (1996): Genetically programmed devel opment of
salivary gland abnormalities in the NOD (nonobese diabetic)-
-scid mouse in the absence of detectable lymphocytis infiltra-
tion: a potentia trigger for sialoadenitis of NOD mice. Clin.
Immunol. Immunopathoal., 79, 50-59.

SaITo I., KuMiko H., SHIMUTA M., INOUE H., SAKURAI H.,
YAMADA K., IsHIMARU N., HIGASHIYAMA H., SUMIDA T., ISHI-
DA H., SUDA T., NODA T., HAYASHI Y. and TsuBOTA K. (1999):
Fas ligand-mediated exocrinopathy resembling Sjogren’s syn-
drome in mice transgenic for IL-10. J. Immunoal., 162, 2488—
2494,

SERREZE D. V., FLEMING S. A., CHAPMAN H. D., RICHARD S. D.,
LeTER E. H. and TiscH R. M. (1998): B lymphocytes are criti-
cal antigen-presenting cells for the initiation of T cell mediated
autoimmune diabetes in nonobese diabetic mice. J. Immunol.,
161, 3912-3918.

SULLIVAN D. A., ARIGA H., VENDRAMINI A. C., RocHA F. J,,
ONO M. and SaTo E. H. (1994): Androgen-induced suppres-
sion of autoimmune disease in lacrimal glands of mouse models
of Sjogren’s syndrome. Adv. Exp. Med. Bial., 350, 683-690.
SuN D., EMMERT-Buck M. R. and Fox P. C. (1998): Differen-
tial cytokine mRNA expression in human labial minor salivary
glands in primary Sjogren’'s syndrome. Autoimmunity, 28,
125-137.

SuTcLIFFE N., INANC M., SPEIGHT P. and ISENBERG D. (1998):
Predictors of lymphoma development in primary Sjogren’s syn-
drome. Semin. Arthritis Rheum., 28, 80-87.

54,

56.

57.

59.

61.

62.

J. B. Brayer et al.: Immunology of Sjégren’s Syndrome

TATEISHI M., Saito |, YAmMAMoOTO K. and MiYAsakA N.
(1993): Spontaneous production of Epstein-Barr virus by
B lymphoblastoid cell lines obtained from patients with
Sjogren’s syndrome. Arthritis Rheum., 36, 827-835.

. ToDA |, SULLIVAN B. D., WickHAM L. A. and SULLIVAN D. A.

(1999): Gender- and androgen-related influence on the express-
ion of proto-oncogene and apoptotic factor mRNAs in lacrimal
glands of autoimmune and non-autoimmune mice. J. Steroid
Biochem. Mal. Biol., 71, 49-61.

VAN BLokLAND S. C. A. VAN HELDEN-MEEUWSEN C. G,
WIERENGA-WOLF A. F., DREXHAGE H. A., HOOIJKAAS H. VAN
DE MERWE J. P. and VERSNEL M. A. (2000): Two different
types of sialoadenitisin the NOD- and MRL/1pr mouse models
for S§jogren’s syndrome: A differentia role for dendritic cellsin
the initiation of sialoadenitis? Lab. Invest., 80, 575-585.
WEETMAN A. P., TANDON N. and MORGAN B. P. (1992): Anti-
thyroid drugs and release of inflammatory mediators by com-
plement-attacked thyroid cells. Lancet, 340, 633-636.

. WOGENSEN L., HUANG X. and SARVETNICK N. (1993): Leuko-

cyte extravasation into the pancreatic tissue in transgenic mice
expressing interleukin 10 in the islets of Langerhans. J. Exp.
Med., 178, 175-185.

Wu A. J, KurrAascH R. H., KaTz J.,, Fox P. C,, BAaum B. J.
and ATKINSON J. C. (1994): Effect of tumor necrosis factor-
aphaand interferon-gamma on the growth of a human salivary
gland cdll line. J. Cell. Physiol., 161, 217-226.

. YAMANO S., ATKINSON J. C., BAum B. J. and Fox P. C. (1999):

Salivary gland cytokine expression in NOD and normal
BALB/c mice. Clin. Immunol., 92, 265-275.

YANG D., HIROMATSU Y., HOSHINO T., INOUE Y., ITOH K. and
NONAKA K. (1999): Dominant infiltration of T(H)1-type cp4?
T cells at the retrobulbar space of patients with thyroid-associ-
ated ophthalmopathy. Thyroid, 9, 305-310.

Zurawskl G. and DE VRIES J. E. (1994): Interleukin 13, an
interleukin 4-like cytokine that acts on monocytes and B cells,
but not on T cels. Immunol. Today, 15, 19-26.

Received in June 2000
Accepted in August 2000



