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A
�

bstract. Sjögren’s syndrome is a chronic autoimmnune disorder characterized primarily by the discom
 forts od
d

�
ry eyes and dry mouth due to the progressive loss of exocrine gland function. Development of a�  number of

a� nimal models to study Sjögren’s syndrome, especially the NOD mouse and its congenic partner st
�
rains, has

p� ermitted a systematic analysis of immunological and non-immunological factors that infl
�
uence predisposition

for development of the autoimmune response. These data are reviewed here.

Key words: N
�

OD mouse; autoimmune exocrinopathy; cytokine knock-out mice; autoantibody.

I
�
ntroduction

Sjögren’s syndrome is defined as a chronic inflam-
m
 atory autoimmune disorder primarily affecting the la-
c� rimal and salivary exocrine glands. However, the dis-
o� rder has also been associated with numerous
e� xtraglandular manifestations affecting such diverse
t

�
issues as the cardiovascular, central nervous, and renal

systems19. Diagnostic criteria include oral and/or ocular
d

�
ryness, focal lymphocytic infiltrates in the exocrine

t
�
issues, and the presence of various autoantibodies in

p� atient sera, particularly against the nuclear factors SS-
-A/Ro and SS-B/La. Due to inconsistencies in the vari-
o� us diagnostic scales, evaluation of disease prevalence
w� orldwide is somewhat difficult and further compli-
c� ated by the chronic and inconsistent nature of the
symptoms in patients. Recently, the clinical features
a� nd epidemiology of Sjogren’s syndrome have been
a� dequately reviewed (see FOX et al.19, FOX and
SPEIGHT18)

�
; t

�
herefore, this review wil l restrict i ts dis-

c� ussion to immunological features of Sjögren’s syn-
d

�
rome.

Typically, Sjögren’s syndrome is diagnosed in its
l

�
ater stages, when focal lymphocytic infiltration and

g� landular destruction have already occurred. For this
reason, the initial and early events in the pathogenesis
o� f the disease remain largely unknown. Conversely, the
p� ersisting immunological response in the context of the
minor salivary glands has been studied to a much
g� reater depth. This is, in part, a reflection of the relative
a� ccessibility of the minor salivary glands in obtaining
t

�
issue biopsies. This has allowed for the assessment of

c� ytokine activity, as well as the categorization of infil-
t

�
rating leukocyte populations in the glands of patients

e� xhibiting an ongoing disease process. During the past
c� ouple of decades, investigators have established sev-
e� ral inbred mouse strains as applicable animal models
for the further study of Sjögren’s syndrome pathogen-
e� sis. Among others, the MRL/lpr,�  N

�
FS/sld and the

N
�

OD and NOD.B10.H-2b
�
 mouse strains have emerged
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a� s the most popular animal models for Sjögren’s syn-
d

�
rome based on immune infiltration of the exocrine

t
�
issues, cytokine profiles, and serology24–26, 47. Addi-

t
�
ionally, the NOD and NOD.B10.H

�
-2b

�
 mice exhibit an

immune-dependent loss of secretory function in both
t

�
he lacrimal and salivary glands. Assuming the appro-

p� riateness of these animal models, our understanding of
b

�
oth the initiation and development of Sjögren’s syn-

d
�
rome has advanced markedly, from a reasonable ap-

p� reciation of the later stages of the disease, to the deter-
mination of numerous additional autoantigens and,
more importantly, insights into the initiating events in
t

�
he disease.

 Etiology of Sjögren’s Syndrome

Like other autoimmune disorders, Sjögren’s syn-
d

�
rome appears to be a multifactorial disease, with its

o� nset dependent on both intrinsic and extrinsic parame-
t

�
ers. From a genetic standpoint, there appears to be an
a� ssociation with certain MHC haplotypes, especially
DR3 and DQ2 in patient populations4

 
, and genomic

a� nalysis in animal models has already uncovered re-
g� ions on chromosomes 1, 3, 4, 10, and 18 associated
w� ith susceptibility11, 41. Since these chromosomal re-
g� ions are polygenic, it is impossible at this time to state
d

�
efinitively whether the regulatory elements encoded in

t
�
hese loci are immunological in nature. However, glan-

d
�
ular remodeling occurs in the submandibular glands

o� f NOD-s! cid mice in the absence of an adaptive im-
mune response41 and this strongly suggests that non-im-
m
 unological regulators exist. In the NOD mouse
model, chromosome 1 contains a susceptibility locus
w� hich appears important in the development of sialitis17

a� s well as the focal infiltration of the lacrimal glands11.
A

"
 summary of the genetic loci including some of the

p� otential genes of interest are included in Table 1. With
t

�
he application of emerging technologies, such as

microchip array systems, to study gene expression in

t
�
he affected exocrine tissues, we will hopefully gain
a�  clearer insight into the non-immunologic aspects of
Sjögren’s syndrome pathogenesis.

M
#

ore than any other body of evidence, the studies
in the NOD-s! cid mouse have promoted the idea that the
e� xocrinopathy may not be entirely dependent on the
i

$
mmune infiltrate. This animal model exhibits gross

morphological restructuring3



1 and elevated levels of
a� poptosis in the salivary and lacrimal epithelial cells
d

�
espite the absence of glandular lymphocytic foci3



1.

Furthermore, while proapoptotic proteins such as cas-
p� ase-3 and Bax are elevated in acinar and ductal tis-
sues14 along with bcl-2 (an anti-apoptotic factor) in
N

�
OD and NOD-s! cid mice, the infiltrating lymphocytic

p� opulations found in the NOD exocrine glands appear
t

�
o upregulate bcl-2 only18, while maintaining normal

e� xpression levels of caspase-3 and Bax. This suggests
t

�
hat the infiltrates may reside within the exocrine glands

i
$
n a protected state. The presence of constitutively ex-
p� ressed FasL and induced Fas expression on the sali-
v% ary epithelial cell surfaces at progressive stages of
d

�
isease, along with the increase in TUNEL staining

indicative of excessive programmed cell death16, en-
c� ourages the belief that an underlying disturbance in
g� landular homeostasis could potentially facilitate or
e� ven promote immunopathological activity.

N
�

on-immunological factors influencing the devel-
o� pment of Sjögren’s syndrome also include hormonal
regulation, as suggested by the sexual dimorphism (9 : 1
in favor of females over males) found in the patient
p� opulation. This has been supported by numerous lacri-
mal studies in models such as the MRL and NZB/NZW
m
 ouse strains, where androgens tend to exert a protec-
t

�
ive influence for dacryoadenitis5

&
1. Interestingly, the

N
�

OD mouse presents a reversal of androgen influence,
w� here the presence of androgens correlates to increased
l

�
acrimal destruction2

	
7, 55. In the case of the influence of

t
�
he sex hormones on disease pathogenesis, it is worth

e� mphasizing that, while endocrine regulation may not
itself be directly immunological in nature, studies have

Table 1. Susceptibility loci mapped in mouse models of Sjögren’s syndromea' , b

Chromo-
some

Mouse model cM length Genes of interest

 1
 3
 4
10
18

N
(

OD/MRL/lpr
NOD

MRL/lpr (female only)
MRL/lpr
MRL/lpr

40/3.9
   0.35

16.9
19 
8

IL-1R, caspase-8, caspase-10, CTLA-4, pgs-2 c)

IL-2 
Faf1, IFNA1, IFNB1, Jun, Lck 

MIF, ITGB2
FGF1, GRL

a*  From EN
+

CINAS,�  et. al.13.
b

,
 From NISHIHARA,�  et. al. 4

 
1.

c-  These genes are all potential candidates within the NOD-derived genome segment.
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d
�
emonstrated the abilities of estrogens and androgens

t
�
o regulate the immune response3



, 22.

Environmental factors have been studied in associ-
a� tion with events leading to localized immune activa-
t

�
ion and to immune dysregulation and disease onset.

V
.

iral-induced onset of disease tends to receive a signi-
f

/
icant amount of attention and, along these lines, sev-

e� ral viral pathogens have been identified as potential
e� tiologic agents for Sjögren’s syndrome. Several mem-
b

�
ers of the gamma herpesvirus family, most notably

Epstein-Barr virus (EBV)16, 54 and human herpesvirus
t

�
ype 6 (HHV-6)17, have been detected at a slightly
h

0
igher frequency in Sjögren’s syndrome patients. Sicca

symptoms have also been associated with elevated
serum antibody titres against hepatitis C virus (HCV)2.
D

1
espite the extensive studies on viral etiologic agents

leading to Sjögren’s syndrome, no single virus has been
c� onclusively identified as a direct causative agent and,
q2 uite possibly, multiple chronic insults may act in con-
c� ert to trigger the necessary immune activation leading
t

�
o autoimmune exocrinopathy.

Cytokine Profiles in Sjögren’s Syndrome

C
3

ytokine expression in the salivary glands of
Sjögren’s syndrome patients plus that observed in vari-
o� us mouse models suggests a pro-inflammatory profile.
C

3
ytokine mapping in the salivary and lacrimal glands

has relied largely on the measurement of stable mRNA
l

�
evels via reverse transcriptase-polymerase chain reac-

t
�
ion. Evaluation of patient populations reveal the ex-

p� ression of IL-1β, IL-2, IL-6, IL-10, IL-12, IL-18,
TNF-α, TGF-β and IFN-γ 4 in the minor labial glands.
Similarly, studies in the mouse models report the ex-
p� ression of IL-1β, IL-2, IL-6, IL-7, IL-10, IL-12, TNF-α,
T

5
GF-β, iNOS and IFN-γ 4 i

$
n the submandibular and la-

c� rimal glands10, 27. In addition, IL-5 is noted in the
m
 urine lacrimal gland40, 45. Rarely, IL-4 can be detected
b

�
ut is generally considered absent in the infiltrated

g� lands. More recent studies in both human and mouse
salivary glands have indicated that this comprehensive
p� ro-inflammatory pattern of cytokine expression can be
d

�
etected in the salivary tissues of healthy donors as well

a� s non-autoimmune mouse strains at levels similar to
d

�
isease-state values3



2, 60. It would appear, therefore, that

rather than being a defining hallmark of the disease
p� rocess, these cytokine mRNA expression profiles are
m
 ore a reflection of tissue specific micro-regulation of
t

�
he 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.19 showed

t
�
hat acinar and ductal epithelial cells express a wide

v% ariety of cytokine mRNA, including IL-2, IL-6, IL-10,
TNF-α, IFN-γ4  and TGF-β, w� hile other reports indicate
t

�
hat IFN-γ4  can induce upregulation of IL-1β, IL-6 and

TNF-α, a� long with HLA-DR and ICAM-1 in HSG
c� ells23, 59. In contrast to mRNA levels, the protein ex-
p� ression of the infiltrating lymphocytes and epithelial
c� ells in murine salivary glands, as measured by immu-
nocytochemistry, is markedly different between NOD
v% ersus Balb/c control strains. In the case of the pro-in-
flammatory cytokines, significantly greater quantities
c� an be detected in association with the Sjögren’s syn-
d

�
rome-like disease state6

6
0. In essence, this accentuates

a� n extremely important point, i.e. while mRNA levels
i

$
n a cell may reflect gene activation, gene expression

a� nd gene product activity are regulated on many levels
b

�
eyond transcription by cellular manipulation of trans-

lation rates, post-translational modifications, and even
p� roduct sequestration. Therefore, mRNA expression le-
v% els may not necessarily equate with protein express-
i

$
on. In fact, this appears to be the case in terms of

g� landular cytokine expression.
O

7
ngoing studies using cytokine knockout mice are

revealing interesting new insights regarding the auto-
i

$
mmune pathogenesis. Although the detection of spe-

c� ific cytokine expressions in target tissues may reveal
a� n underlying role for that cytokine, this approach oper-
a� tes under the assumption that the entire pathological
c� ourse of events occurs in the target tissues. Studies
e� mploying cytokine-deficient congenic animals em-
p� hasize an essential consideration that critical aspects
o� f the pathogenic processes in Sjögren’s syndrome
o� ccur outside the environment of the exocrine glands.

J
�
ust as there are limitations to looking at cytokine

e� xpression levels in the target tissues, it can be mislead-
ing to define the importance of a cytokine based on
c� hanges in disease pathogenesis in its absence or over-
e� xpression. Certainly, it has been shown many times
o� ver that the activity of a cytokine is not simply con-
t

�
rolled by its presence or absence, but also by the level

a� nd timing of its expression3


9, 42. Additionally, many

c� ytokines, for instance IL-4 and IL-13, have overlap-
p� ing effects, such that the elimination of an individual
c� ytokine from an in vivo system may not exhibit as
d

�
ramatic an effect, despite the distinct role of the factor

in the normal disease process6
6

2. This can be seen, to
a�  certain extent, in the differential effects, of cytokine
v% ersus cytokine receptor deletions8. Regardless, gene-
-knockout models eliminating either cytokines or cell
p� opulations provide unique new perspectives into the
q2 uestions or relevance with regard to these immune
c� omponents.

J
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A
"

nalysis of the NOD.IL-4– mouse exemplifies the
highly significant contribution of studies introducing
c� ytokine deficiencies into a disease-susceptible mouse
t

�
o map cytokine functions. IL-4 is rarely if ever de-

t
�
ected in salivary or lacrimal gland homogenates in

studies of mouse models, or in labial gland biopsies of
p� atients, 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.
T

5
he NOD.IL-4– mouse develops massive focal lympho-

c� ytic infiltrates in the exocrine glands despite maintain-
ing normal secretory capacity throughout its life (un-
p� ublished data). Further elucidation of the composition
o� f the infiltrating lymphocytes reveals a decreased per-
c� entage of B cells compared with the NOD parental
strain. This finding supports accumulating evidence
t

�
hat the secretory suppression in the lacrimal and sali-

v% ary glands is a direct result of autoantibodies acting
o� n the fluid-secreting acinar cells14.

Another cytokine that has received increasing atten-
t

�
ion is IL-10. IL-10 expression increases notably over

t
�
ime in the course of disease progression and, to make

t
�
his factor even more interesting, there is a viral homo-
logue secreted by EBV3



8, a virus associated with

Sjögren’s syndrome manifestation. Recent studies in
w� hich a transgene construct introducing IL-10 under
t

�
he control of the salivary amylase promoter to induce

e� xocrinopathy show that the induction of IL-10 ex-
p� ression in the salivary glands can lead to focal infil-
t

�
ration and secretory suppression in the C57BL/6

g� enetic background4
 

9. However, in the context of the
Sjögren’s syndrome-like pathology, introduction of the
I

9
L-10-deficiency mutation into the NOD mouse contra-

d
�
icts the findings derived from IL-10 overexpression.

The lack of IL-10 apparently has little effect, as these
a� nimals develop normal, if not exacerbated, focal infil-
t

�
ration 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-
p� ression as opposed to strict cytokine presence in di-
recting an immune response. Taken together, the
studies on overexpression and deficiency of IL-10 sug-
g� est that this cytokine would appear to be capable of
c� ontributing to the underlying pathology but is not, in
a� nd of itself, absolutely necessary for Sjögren’s-like
d

�
isease progression. These data begin to establish par-

a� llels to the other autoimmune diseases such as
d

�
iabetes, where more extensive studies into the role of

I
9
L-10 in disease onset in the NOD model imply that

IL-10 acts in a distinctly time-dependent fashion, such
t

�
hat it promotes and even accelerates diabetes initiation

w� hen expressed constitutively in the pancreatic tissues,

b
�
ut serves to ameliorate pancreatitis when administered

later in the course of the disease5
&
, 6, 43, 58.

Character ization of Infiltrating Lymphocytes

A
"

s cytokine profiles suggest, the focal lymphocytic
infiltrates found in the salivary and lacrimal glands of
Sjögren’s patients as well as of mouse models are com-
p� rised predominantly of CD4+ αβ T cells. In the human
d

�
isease, lymphocytes comprise approximately 80% of

t
�
he focal infiltrates15. Plasma B cells present in the le-

sions produce mostly IgM and IgG3


7 and have a greater

t
�
han normal tendency to mutate into lymphomas5

&
3, one

o� f the more serious and certainly lethal consequences
o� f Sjögren’s syndrome. The salivary infiltrates in the
N

�
OD mouse are comprised of approximately 45% CD4+:

c� ells, 15–20% B cells, and 10–15% CD8+ T cells,
w� hile in the lacrimal glands, the populations are skewed
slightly in favor of the B cells (25–30%), the Th cells
c� onstituting approximately 25–30%5

&
6. Of note, unlike

t
�
he human pathology, the NOD parotid glands remain

free of lymphocytic infiltrates. The infiltrating T cells
e� xpress restricted Vβ usage in both tissues, with an in-
c� reased use of Vβ6

6  and Vβ8
4

 
8. While focal infiltrates will

d
�
evelop at different times depending on the animal

m
 odel studied (and certainly in Sjögren’s syndrome pa-
t

�
ients), comparisons of the NOD and MRL/lpr strains

indicate that the autoimmunity in the NOD model, but
not the MRL/lpr model, is preceded by an influx of
C

3
D11c+:  dendritic cells5

&
6.

The analysis of aberrant apoptotic activity in the
d

�
iseased exocrine glands has led to several interesting

o� bservations regarding the focal immune infiltrates.
W

;
hile various studies have shown elevated levels of

a� poptosis in the salivary exocrine tissues in association
w� ith disease onset in both Sjögren’s syndrome patients
a� nd in the various mouse models9

<
, 30, 46, there is also

d
�
ata suggestive that the immune infiltrates are exces-

sively resistant to the induction of programmed cell
d

�
eath. First of all, these populations appear to have

u= pregulated bcl-221, 28, which may contribute to their
p� rotection against programmed cell death induced by
u= pregulated expression of FasL in the salivary tissues3



0 and,

subsequently, an aberrant persistence in the exocrine glands.
This is in marked contrast to the documented upregulation of
Bax and caspase-3 in the salivary acinar cells3



7.

The exact role of the infiltrating populations re-
m
 ains obscure; however, the importance of the individ-
u= al subpopulations is well documented. Adoptive trans-
f

/
er studies have demonstrated the ability of splenic

T cells from diseased NOD mice to transfer sialadenitis

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



i
$
nto neonates2

	
1, suggesting that the T cell compartment

o� f the immune response is able to drive the underlying
histopathology observed in Sjögren’s syndrome. This is
f

/
urther supported by our recent findings in the context

o� f the NOD.IFN-γ4 – mouse model that histopathology
a� nd secretory dysfunction do not occur in the absence
o� f IFN-γ4 , a classic inflammatory cytokine (unpublished
d

�
ata). Recent evidence also suggests that, just as in the

c� ase of autoimmune diabetes in the NOD background14, 50,
B

>
 lymphocytes are essential for initiation and effector

p� hases of autoimmune exocrinopathy. NOD.Igµn? ull

mice, deficient in B lymphocytes, develop only sparse
i

$
nfiltrates and maintain full secretory capacity3



8. This

a� lso emphasizes the fact that glandular immune infiltra-
t

�
ion by T cells alone is not sufficient to drive the glan-
d

�
ular hypofunction, although this does not entirely rule

o� ut the possibility that T cells may contribute to glan-
d

�
ular suppression in a B cell dependent fashion, requir-

i
$
ng 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
p� atient- or NOD-derived IgG induces exocrine cell sup-
p� ression in the B cell-deficient NOD mouse, demon-
strating the significant and dominant role of autoa� ntibo-
d

�
ies in this capacity3



8.

E
@

xpanding Our  Understanding

O
7

ur appreciation of the immunological component
i

$
n Sjögren’s syndrome has greatly improved based on

t
�
he studies of several mouse models of autoimmune

e� xocrinopathy. Unfortunately, in our attempts to dissect
t

�
he significant events in the immunological attack on

t
�
he exocrine tissues, there is a tendency to focus too
narrowly on a specific gland, typically either the lacri-
m
 al or salivary glands, rather than assessing the global
e� ffects in all of the affected tissues unilaterally. The
o� ral and ocular manifestations of Sjögren’s syndrome
share many similar underlying factors, despite the ex-
istence of several fundamental differences such as
slight variances in the expression of cytokines. The fact
t

�
hat the development, of Sjögren’s syndrome in patients

may effect both the lacrimal and salivary glands, or
t

�
arget one of these exocrine glands independently, im-

p� lies that there is still a need to continue focusing, in
p� art, on the individual glandular pathologies. However,
such intriguing findings as the importance of IL-4 em-
p� hasize the point that simply looking at the pathogen-
e� sis within the exocrine glands fails to take into con-
sideration many essential factors occurring on a more
g� lobal systemic immunological level. In fact, of the

a� utoimmune pathologies reliant on an effector autoanti-
b

�
ody, pemphigus vulgaris is one of the few that is as-

sociated with the detection of IL-4 at the site of im-
m
 une-mediated damage, while autoimmune diseases
such as Grave’s disease and Hashimoto’s thyroiditis,
d

�
ependent at least in part on the presence of effector

a� utoantibodies similar to Sjögren’s syndrome, are his-
t

�
orically associated with a pro-inflammatory cytokines

such as IFN-γ4  in the glands7
A

, 12, 57. Many of the critical
e� vents involved in orchestrating the immunological at-
t

�
ack occur in the draining lymphatics, not in the tissue

lesion. Certainly, all evidence points to this scenario
b

�
eing the case in terms of Sjögren’s syndrome. For

instance, the antibodies shown to mediate exocrine sup-
p� ression are produced by plasma B cells that likely
rB eside in the lumenal regions of the draining lymph
nodes or in the bone marrow despite the evidence sup-
p� orting locally produced IgM and IgG by infiltrating
B

>
 cells. This does not rule out the importance of the

e� xocrine lymphocytic infiltrates in the overall disease
state, but it also implies that important effector popula-
t

�
ions reside in extraglandular locations. Therefore, con-

c� lusions drawn from the analysis of the disease state
strictly within the exocrine tissues, such as cytokine
p� rofiles, do not provide enough information to under-
stand truly the mechanisms of the disease.

O
7

ver the last few years, new strategies have been
a� pplied to Sjögren’s syndrome research with the aim of
identifying cytokine production associated with the in-
v% ading leukocyte populations. Rather than simply
m
 easuring mRNA message levels (especially with the
recent appreciation for inconsistencies involving
m
 RNA message versus protein expression), investiga-
t

�
ors have been increasingly reliant on isolating clonal

T cell populations to identify Th cytokine expression
p� rofiles. The conclusions generated from this approach
h

0
ave provided significantly different information and

have brought much of the mRNA-based cytokine data
i

$
nto question with respect to several autoimmune dis-

e� ases including Sjögren’s syndrome and Grave’s disease3



6, 61.
However, it is critical to point out that any conclusions
d

�
rawn from cell culture experiments must be treated with

a�  certain degree of skepticism, due to the inherent nature of
lymphocytes to adjust quickly to their environment result-
i

$
ng in altered clonal selection within the cell population or
e� ven changed commitment to a Th pathway.

Looking more closely at Sjögren’s syndrome, cyto-
kine mRNA analyses within the target tissues repeated-
l

�
y suggest an absence of IL-4 despite the development

o� f a critical humoral component in the disease pa-
t

�
hogenesis, not to mention the development of one of

t
�
he hallmark features of Sjögren’s, B cell hyperplasia

J
8
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a� nd hypergammaglobulinemia. In contrast, the isolation
a� nd study of T cell clones has brought to light the ex-
istence of Th0 and Th2 subpopulations secreting IL-4
i

$
n the tissue lesions3



6. This is in agreement with the

o� bservations recorded in the characterization of the IL-4
knockout model of Sjögren’s syndrome. If T cell clonal
i

$
solation and expansion experiments are to be believed,

t
�
hen MATSUMOTO, et al.C 3



6 may have identified a poten-

t
�
ial source for the IL-4 that appears to be essential in

a� utoimmune exocrinopathy in the NOD mouse. None-
t

�
heless, it is important to consider that in vitro clonal

e� xpansion of isolated T cells may introduce alterations
i

$
nto the commitment patterns of these cells to a specific
Th profile1 and in vitro culture systems can easily be
m
 anipulated to force this change3



3. Furthermore, the

p� resence of Th0 cells in the glandular lesions at the
t

�
ime 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
t

�
o the presence of T lymphocytes in the lesions exhi-
b

�
iting a Th2 profile eD x vivo. In retrospect, the mRNA

e� xpression data derived from tissue samples may call
in vitro clonal expression data into question.

Finally, this approach still perpetuates one of the
m
 ost difficult challenges in the understanding of
Sjögren’s syndrome, which is to enhance our com-
p� rehension of the global multi-organ disease state as it
e� xists in the patient. Infiltrating lymphocytic popula-
t

�
ions isolated from lacrimal versus salivary gland le-

sions will no doubt be different, simply based on the
i

$
nfluence the target tissues exert on the immune re-

sponse as evidenced, in part, by the specific infiltration
o� f the lacrimal glands but not the salivary glands in the
N

�
OD.IFN-γ4 – mouse (unpublished observation). But in

t
�
he chronological order of events leading to the activa-

t
�
ion of the autoimmune lymphocyte, the exocrine gland

i
$
s only one of the critical microenvironments that pro-

v% ide essential maturation signals. In conclusion, while
t

�
hese approaches tend to provide significant insights

into the mechanisms, we cannot possibly expect to un-
d

�
erstand the true pathogenesis of Sjögren’s syndrome

u= ntil we begin to consider not just what cells or cytokines
a� re present, but also when and where cytokines influence
c� ell development, and the sequence of events, microenvi-
rB onments, and cellular interactions that critically influence
t

�
he maturation of the adaptive immune response that
mounts a devastating attach against the exocrine glands.
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