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ABSTRACT The NOD (nonobese diabetic) mouse has
been studied as an animal model for autoimmune insulin-
dependent diabetes and Sjögren’s syndrome. NOD.Igmnull

mice, which lack functional B lymphocytes, develop progres-
sive histopathologic lesions of the submandibular and lach-
rymal glands similar to NOD mice, but in the absence of
autoimmune insulitis and diabetes. Despite the focal appear-
ance of T cells in salivary and lachrymal tissues, NOD.Igmnull

mice fail to lose secretory function as determined by stimu-
lation of the muscarinicycholinergic receptor by the agonist
pilocarpine, suggesting a role for B cell autoantibodies in
mediating exocrine dryness. Infusion of purified serum IgG or
F(ab*)2 fragments from parental NOD mice or human pri-
mary Sjögren’s syndrome patients, but not serum IgG from
healthy controls, alters stimulated saliva production, an
observation consistent with antibody binding to neural recep-
tors. Furthermore, human patient IgG fractions competitively
inhibited the binding of the muscarinic receptor agonist,
[3H]quinuclidinyl benzilate, to salivary gland membranes.
This autoantibody activity is lost after preadsorption with
intact salivary cells. These findings indicate that autoanti-
bodies play an important part in the functional impairment of
secretory processes seen in connection with the autoimmune
exocrinopathy of Sjögren’s syndrome.

Sjögren’s syndrome is an autoimmune rheumatic disease pri-
marily targeting the salivary and lachrymal glands (1, 2). It is
often a complication of connective tissue diseases such as
rheumatoid arthritis or systemic lupus erythematosus. Al-
though the histopathology of the tissue is characterized by the
presence of lymphocytic infiltrates consisting of CD41 T cells,
a minor component of CD81 T cells, B cells, and macrophages,
the pathophysiological outcome is the loss of exocrine gland
secretory function (1, 2). Patients with Sjögren’s syndrome
additionally demonstrate hypergammaglobulinemia on sero-
logical analyses, with a range of autoantibodies reactive against
cell surface, cytoplasmic and nuclear proteins of exocrine
tissue (1, 3, 4). Although the pathogenesis of autoimmune
sialoadenitis and dacryoadenitis remain unclear, animal mod-
els for the histopathology have demonstrated the dependence
of this aspect of disease on transfer of activated T cells (5–7).

Despite the identification of numerous mouse models mim-
icking the histopathology of Sjögren’s syndrome, only the
nonobese diabetic (NOD) mouse has been found to develop
the corresponding clinical outcome of loss of secretory func-
tion (8–10). The NOD mouse, first identified as a model for
type I, insulin-dependent diabetes, develops a Sjögren’s syn-

drome-like immunopathology of the exocrine glands (11).
Genetic analyses and immune cell transfer studies have shown
that these two autoimmune diseases arise independently in the
same animal (5–7, 12, 13). Cell transfer studies (5–7) have
demonstrated a major role for CD41 T cells in the pathogen-
esis of both these autoimmune diseases, but more recent results
have implicated the need for immunologically active B cells in
the initiation of the autoimmune process. Noorchashm et al.
(14) have shown that continuous injection of anti-Igm anti-
bodies into NOD mice results in the absence of insulitis,
diabetes, and sialoadenitis. Additionally, congenic NOD B cell
knockout mice, NOD.Igmnull, do not develop insulitis or dia-
betes, demonstrating a requirement for B lymphocytes in the
initiation of the autoimmune tissue targeting of the pancreas
(15, 16).

An analysis of the underlying signal transduction response in
the exocrine tissues from NOD mice has revealed the specific
down-regulation of intracellular second-messenger signaling
components adenylate cyclase and phospholipase C (17, 18).
This was accompanied by a corresponding reduction in the
density of cell surface muscarinic and b-adrenergic receptors.
Further evaluation of sera collected from older NOD mice
detected the presence of a population of autoantibodies ca-
pable of reacting with the receptors responsible for neural
stimulatory initiation of exocrine secretion. A similar set of
neurostimulatory autoantibodies has been reported to be
present in the IgG pool isolated from primary Sjögren’s
syndrome patients (19). Using the congenic NOD.Igmnull

mouse, we have investigated the role of B lymphocytes in the
pathogenesis of autoimmune exocrinopathy in the NOD
mouse model for Sjögren’s syndrome. The observations pre-
sented here suggest that development of exocrine gland se-
cretory dysfunction depends on the presence of B lymphocytes
and that autoantibodies generated from these cells are impor-
tant in the clinical manifestation of xerostomia and kerato-
conjunctivitis sicca. Furthermore, the appearance of T cells in
exocrine tissue, despite the lack of a corresponding insulitis,
supports the concept that NOD mice develop two, indepen-
dent autoimmune diseases.

METHODS

Materials. C57BLy6-scid and NODyLt mice (n 5 four to six
animalsygroup) were bred and maintained under specific
pathogen-free conditions in the mouse facility at the Univer-
sity of Florida, Gainesville, FL, and the Forsyth Dental Center,
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Boston, MA. NOD.Igmnull mice were obtained from David
Serreze, The Jackson Laboratory, and bred in the above
animal facility. Both male and female mice at 8–12 weeks and
.20 weeks of age were used.

Histological Evaluation. Parotid, submandibular, and lach-
rymal glands as well as pancreas were identified by gross
morphology and freed of connective tissue and lymph nodes
before a 4-hr fixation in 10% formalin and embedding in
paraffin blocks. Five-micron thin sections were cut, stained
with hematoxylinyeosin, and examined for focal lymphocytic
infiltrates by light microscopy (8, 9).

Saliva Collection and Preparation of Gland Lysates. Whole
saliva was collected after stimulation of secretion by using
isoproterenol (0.20 mgy100 g body weight) and pilocarpine
(0.05 mgy100 g body weight) dissolved in saline as described
previously (8, 9). Saliva samples were collected for 10 min from
groups of n 5 four to six mice on two separate occasions and
then frozen at 280°C. Excised parotid and submandibular
glands were homogenized in 10 mM Tris buffer (pH 7.4) and
immediately frozen at 280°C. Protein assays of both saliva and
gland lysates were performed using the Bio-Rad protein assay
reagent with BSA as the standard (20). Amylase assays were
performed as described previously by using starch as the
substrate (8, 20).

Cysteine Protease Activity. Protease activity in saliva and
gland lysates were determined by using a standard protease
assay as described elsewhere (21). The reaction mixture con-
sisted of 25 ml 100 mM sodium benzoyl-dl-arginine-p-
nitroanilide (BAPNA) in DMSO, 10 ml unknown sample, 190
ml phenylmethylsulfonyl f luoride (PMSF) buffer consisting of
0.2 mgyml DTT, 0.5 mgyml Na2EDTA, and 1.0 mM PMSF in
100 mM phosphate buffer (pH 6.0). Experimental samples, as
well as a dilution profile of papain, were incubated at 37°C for
1 hr. The reactions were terminated by the addition of 25 ml
of glacial acetic acid and adjusted to 1.0 ml with ddH2O, and
the optical density was determined at OD405 to determine the
amount of p-nitroaniline released. Each assay was performed
in duplicate on three separate occasions.

PAGE and Western Blot Analysis. Total salivary proteins
(15 mgywell) or gland lysates (50 mgywell) were separated on
10% or 12% SDS-polyacrylamide gels (17, 21). Individual
submandibular gland lysates from groups of 4- to 8-week-old
and 20-week-old mice were prepared by Dounce homogeni-
zation in 10 mM Tris buffer (pH 7.5) after removal of lymph
nodes and connective tissue. The proteins were transferred to
Immobilon-P membranes (Millipore), blocked in TBS con-
taining 3% nonfat milk and 3% BSA, and incubated in a
1:10,000 dilution of rabbit polyclonal antibody to parotid
secretory protein, washed three times, incubated with a goat
anti-rabbit alkaline phosphatase-conjugated secondary anti-
body, and reacted with chromogenic substrate as described
previously (20). All gels were run on two separate occasions for
reproducibility of results from individual mice.

IgG Preparation and Injection into Mice. Sera were isolated
from whole blood collected from patients diagnosed with
primary Sjögren’s syndrome (SS) by the loss of saliva and tear
production, positive Rose Bengal staining, lymphocytic foci in
minor labial gland biopsies, and the presence of antinuclear
SS-AyRo and SS-ByLa autoantibodies in serological evalua-
tions (1, 2). At the time of serum collection, the patients were
determined to be free of other complicating autoimmune
diseases. Age- and sex-matched healthy individuals were used
for control sera. The ages ranged from 30 to 68 years of age.
Sera were also collected from .20-week-old NODyLt mice.

Murine and human IgG fractions were isolated by standard
protein A-agarose and DEAE-chromatography, respectively,
dialyzed to remove excess salts, and lyophilized to concentrate.
The purity of the IgG fractions was assessed at .90% by
SDSyPAGE. Normal control mouse IgG was purchased from
Sigma and was of .90% purity (ultrapure grade). The final

IgG fraction was filter-sterilized and injected into the intra-
peritoneal cavity of 10- to 12-week-old NOD.Igmnull mice at
100 mgy100 ml PBS.

Preparation of F(ab*)2 from Human IgG. Antibody frac-
tions isolated by DEAE chromatography were digested over-
night with pepsin (1:100 of IgG) in a water bath at 37°C. The
preparations were passed over protein-G Sepharose columns
to remove undigested antibodies and Fc fragments. The un-
bound fraction was tested with anti-F(ab9)2-specific and anti-
Fc-specific peroxidase-conjugated antibodies (Jackson Immu-
noResearch) to confirm the purity of the preparation. F(ab9)2
fragments were injected into the intraperitoneal cavity of mice
at 10 mgy100 ml.

Muscarinic Receptor Binding Assay. Mouse parotid gland
membranes were isolated as described previously (8). Total
membrane protein (250 mg) was incubated in a 1.0-ml volume
of 50 mM Tris buffer (pH 7.4) containing 10 mM MgCl2 and
protease inhibitors (8) at 4°C for 15 hr with no or varying
concentrations of human IgG. After the incubation with gentle
mixing, the samples were incubated at 25°C for 1 hr with the
addition of 5.0 nM [3H]QNB (quinuclidinyl benzilate; Amer-
sham; 5 3 105 cpmyreaction). The radiolabel bound to mem-
branes was collected by centrifugation at 15,000 3 g and
washed in the above buffer three times before the addition of
scintillation mixture and analysis of the radiolabel bound to the
membranes by liquid scintillation counting in a Beckman LSC
3801 Counter. Alternatively, membrane receptors were first
radiolabeled by incubation with [3H]QNB in the above buffer
containing 1.0% Triton X-100 for 1 hr at 37°C, followed by
immunoprecipitation with human control or Sjögren’s syn-
drome patient IgG. Receptor–IgG complexes were collected
by the addition of Protein A-agarose (Sigma) beads followed
by centrifugation as above.

Statistical Analysis. All measures of variance are given as
SEM. By the Shapiro and Wilks test (13) the distributions for
saliva and tear volumes as well as protein concentration were
found to be normal (P . 0.05) and were analyzed by a
parametric ANOVA (20, 21). Tests of ANOVA between
independent means were not normal (P , 0.05) for cysteine
protease activity and were performed subsequently with a
nonparametric single-factor test by using a SAS computer
software program, results in which P , 0.05 was considered
significant.

RESULTS

Histological Evaluation of NOD.Igmnull Exocrine Glands.
Flow cytometric analyses of splenic lymphocytes prepared from
NOD.Igmnull mice failed to detect the presence of B cells. At the
same time, sera isolated from these mice lacked detectable IgG.
These findings indicate that NOD.Igmnull mice used in these
studies preserve the knockout genotypeyphenotype. Despite the
absence of pancreatic autoimmunity in 8-week-old NOD.Igmnull

mice, histological evaluation revealed the presence of small
lymphocytic infiltrates of both the lachrymal and submandibular
salivary glands (Fig. 1). Older NOD.Igmnull mice (.20 weeks)
revealed the continued presence of focal infiltrates of the exocrine
tissues with only an occasional peri-islet or islet infiltration
observed. However, none of these mice developed elevated blood
glucose levels or diabetes.

Detection of Biochemical Alterations in the Saliva and
Exocrine Tissue Lysates of NOD.Igmnull Mice. Hallmark bio-
chemical changes in saliva volume and composition, as well as
glandular protein synthesis that occur independently of autoim-
munity (20, 21), were observed with increased age of the mice.
Secretory function of NOD.Igmnull mice .20 weeks of age showed
that stimulated flow rates were not different from those of
8-week-old mice (P . 0.05; Table 1), with values similar to those
reported previously for healthy control BALByc and C57BLy6
mice (8, 9). Cysteine protease activity, a marker for acinar and
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ductal epithelial cell apoptosis, was increased 1.4-fold in the saliva
of NOD.Igmnull at 20 weeks of age as compared with mice 8 weeks
of age (Table 1; P , 0.01). Both young and older mice had overall
elevated cysteine protease activity in submandibular gland lysates,
activities similar to the parental NOD strain. However, further
analysis of 8-week-old male mice consistently produced higher
levels of enzyme activity than 20-week-old male or female
NOD.Igmnull mice, while 8-week-old female mice had levels of
activity similar to that reported previously for BALByc and young
NOD-scid mice (20, 21). Amylase activity, an enzyme produced
by the parotid gland acinar cells, was reduced by 32% in older
mice (P , 0.05), again consistent with the previous observations
in NOD and NOD-scid mice (8, 9, 17, 18). Total protein content
of saliva remained constant between the two age groups. Parotid
secretory protein, a normal constituent of differentiated parotid
gland synthesis, was observed to be aberrantly synthesized and
processed in the submandibular gland of NOD.Igmnull mice by 20
weeks of age (4y4), while gland lysates of younger 8-week-old
mice either did not produce the protein (2y4) or produced a small
amount (2y4) of the normal 25-kDa isoform (Fig. 2). Thus, except
for the loss of secretory function, development of biochemical
and physiological changes consistent with previously described
nonimmune components of the exocrine tissue epithelial cell
pathology occurs independently of the absence of B lymphocytes
in NOD.Igmnull mice.

Transfer of Secretory Gland Dysfunction with Serum IgG
Fractions. Both primary Sjögren’s syndrome patients and NOD
mice produce autoantibodies that interact with the autonomic
nervous system receptors responsible for initiating the secretory
response (17–19). To determine the potential for IgG antibodies
to transfer exocrine tissue dysfunction to young NOD.Igmnull

mice, a series of transfer experiments was performed in which
IgG from healthy control mice and healthy humans, prediabetic
NOD mice, as well as human Sjögren’s syndrome patients were
infused into NOD.Igmnull mice. As indicated in Fig. 3A and B,
mice given a single infusion of IgG from nondisease mice or
healthy human sera retained near-normal secretory function at 24
hr (P . 0.05; n 5 4) after secretory stimulation with a secreta-
gogue mixture of b-adrenergic and muscarinicycholinergic re-
ceptor agonists (8). Mice treated with IgG isolated from older,
parental NODyLt mice secreted only 30% of the saliva volume
normally generated. Treatment with IgG from four different
Sjögren’s syndrome sera (#77, #36, #93, and #45) resulted in an
average 54% decrease in saliva volumes generated, relative to the
control, after 24 hr (Fig. 3B; P , 0.001). A 37% decline was noted
when purified F(ab9)2 fragments from autoimmune patients were
given to mice at a concentration of 10 mgyanimal. Injection of the
Sjögren’s syndrome sera IgG into an unrelated mouse strain,
C57BLy6-scid, again resulted in a decrease in secretory response
after challenge with secretory agonists (Fig. 3B). Repeated
infusion of normal human IgG caused a decrease in volume
collected with time in the control animals (Fig. 3C, 20%; P ,
0.05), which was most likely a result of the stress of constant
handling of the animals for injection and the saliva collection
regimen. More interesting was the observation that 1 week of
continuous treatment of mice with individual Sjögren’s syndrome
serum IgG showed a loss of secretory function between 40 and
60% (P , 0.001). Whereas 7y10 patients’ sera caused a significant
loss of function 24 hr after the first injection of IgG, 1y10 patient’s
IgG fraction was capable of stimulating an increase (60–100%;
P , 0.001) above initial saliva volumes after 24 hr, and another
two patients’ IgG fraction stimulated saliva secretion in all

FIG. 1. Histological analysis of the exocrine tissues and pancreas from NOD.Igmnull mice. Glands from n 5 4 animals per age group were
evaluated by two individuals for independent analysis. (3200.)

Table 1. Analysis of age-related physiological and biochemical changes in NOD.Igmnull mice

Animal Saliva volume Total protein Amylase activity Crysteine protease activity

8-week NOD.Imnull (n 5 4) 297.6 6 28.1 13.77 6 1.98 2,961 6 256 31.5 6 4.8y39.7 6 5.1
20-week NOD.Igmnull (n 5 6) 324.8 6 17.3 13.04 6 2.57 2,331 6 241 44.7 6 3.6y38.8 6 2.9
20-week NOD* 106.2 6 10.5 21.6 6 3.3 1,732 6 356 45.8 6 5.3y40.6 6 4.7

All values expressed as mean 6 SE based on two experimental determinations. Volume and protein concentration, collected over a 10-min period,
after stimulation of secretion with a cocktail of autonomic agonists isoproterenol and pilocarpine, is expressed as ml/10 min or mgyml per 100 g
body weight, respectively (8, 9). Amylase activity is expressed as mg starch hydrolyzedymg protein per 100 g body weight. Cysteine protease activity
is expressed as mg proteaseymin per mg saliva protein and mg protease activityymin per mg submandibular gland lysate. The significance of
differences between mean values was tested by use of a paired ANOVA and Student’s t test.
*Values derived from previous studies of the parental prediabetic NOD mouse (8, 9, 17, 18).
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subsequent injections (Fig. 3C). The recovery of saliva production
in some of the mice with continuous infusion of IgG is not
understood at this time. An additional 1-week washout period
with injection of normal human IgG every 48 hr demonstrated
that the volumes of stimulated saliva secretion returned to normal
levels in mice treated with Sjögren’s syndrome sera and, in some
cases, resulted in an overcompensation of volume generated after
agonist injection. As an additional control, Sjögren’s syndrome
patient IgG fractions were preabsorbed with intact murine sali-
vary gland cells before injection into mice. This resulted in the loss
of the ability to induce secretory dysfunction (Fig. 3B).

Histological Changes in Acinar Cells After Repeated Anti-
body Treatment. Examination of exocrine tissues from mice after
chronic treatment with IgG fractions of Sjögren’s syndrome
patient sera revealed the presence of vacuolar structures pre-
dominantly in the acinar cell portions of lachrymal, submandib-
ular, and, to a lesser extent, pancreatic tissue (Fig. 4). Observation
at higher magnification (3400) clearly showed that vacuolated
cells contained condensed nuclei and vacuolar cell structures with
indistinguishable cytoplasmic contents surrounded by mem-
branes. Furthermore, there were greater numbers of nuclei whose
appearance suggested apoptosis, consistent with previous bio-
chemical studies (20, 21). These vacuolated cells were not de-
tected in significant numbers in mice repeatedly infused with
normal human IgG, nor in the ductal cells or pancreatic islets of
the Sjögren’s syndrome IgG-treated mice (Fig. 4). Similar struc-
tural changes in exocrine tissue histology was observed after the
injection of F(ab9)2.

Muscarinic Receptor Interaction with Sjögren’s Syndrome
Patient IgG Fractions. Direct interaction of the antibody frac-
tion with salivary gland muscarinic receptors was demonstrated
by dose-dependent competition for receptor binding by using
radiolabeled agonist. As indicated in Fig. 5, incubation of IgG
fractions from Sjögren’s syndrome patients, but not from healthy
controls, inhibited the subsequent binding of the muscarinic
receptor agonist, [3H]QNB, to mouse parotid gland membrane
preparations in a dose-dependent fashion. When muscarinicy
cholinergic receptors first were incubated with radiolabeled ag-
onist, solubilized with nonionic detergent, and immunoprecipi-
tated with antibody fractions, prior binding of agonist prevented
subsequent immunoprecipitation with Sjögren’s syndrome pa-
tient-derived reagents (Fig. 5). This is consistent with the inter-
pretation that both the muscarinic receptor ligand and a popu-
lation of patients’ sera IgG compete for interaction with the
receptor agonist-binding site.

DISCUSSION

A requirement for B lymphocytes in the pathogenesis of Sjögren’s
syndrome-like disease is suggested by the fact that NOD.Igmnull

mice retain full secretory capacity on stimulation with autonomic
receptor agonists, similar to previous observations with the
congenic, immunodeficient NOD-scid mouse. The role of se-
creted autoantibodies rather than B cells as antigen-presenting
cell phenotype appears to be potentially more important in the
ability of NOD and Sjögren’s syndrome patients to develop the
loss of secretory function. The use of isolated IgG fractions to
produce salivary gland dysfunction in immunodeficient mice
suggests that this component of the immune system is a critical
mediator for clinical presentation of sicca complex. Autoimmune
exocrinopathy often is thought to result from cytotoxic effects of
activated T lymphocytes or cytokines in response to programmed
cell death occurring in the glandular epithelial cells (2, 22–24).
However, the present results indicate that although T cells may be
involved in the pathology of the exocrine tissue in NOD mice, the
B cell effector arm appears to induce the full loss of exocrine
tissue secretory function. In this regard, the B cell-deficient NOD
mouse represents an advance in our ability to evaluate the role of
specific immune cells in exocrine tissue secretory function.

Salivary flow is a result of neural stimulation of the acinar
and ductal cells of the glands, specifically in response to
muscarinicycholinergic receptor agonists. In contrast, the pro-
tein phase is generated in response to agonists stimulating the

FIG. 2. Western blot detection of parotid secretory protein in gland
lysates prepared from 8- and 20-week-old NOD.Igmnull mice. Fifty
micrograms of tissue lysates was separated by SDS-polyacrylamide
gels. The normal 25-kDa BALByc isoform and the NOD-specific
'20.5-kDa isoform are indicated by asterisks. Sub, submandibular
gland; Par, parotid gland.

FIG. 3. Alteration in the levels of saliva volume generated in
NOD.Igmnull mice after a single or repeated injection of normal serum
IgG, parental NOD, or Sjögren’s syndrome serum IgG fractions. (A)
Histogram of saliva volume collected 24 hr after injection of
NOD.Igmnull mice with normal or NODyLt sera IgG fractions. (B)
Histogram of saliva volume after injection with four normal human or
four patient IgG fractions. Salivary flow was collected from the oral
cavity beginning 1 min after stimulation (n 5 4 miceyinjection
regimen). Mice were injected with 100 mg IgG or 10 mg F(ab9)2. All
values are expressed as the mean saliva flowy10 min 6 SE. (C)
Individual mice injected for 1 week with normal human IgG (n 5 5)
or individual Sjögren’s syndrome patient (n 5 10) IgG fractions.
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b-adrenergic receptors (25–27). Autoantibodies directed
against autonomic nervous system receptors and possessing
agonistic properties have been described in a number of human
pathologies (28, 29). Our previous studies in NOD mice have
shown decreased receptor density and intracellular signal
transduction components, along with autoantibody popula-
tions directed against the b-adrenergic and muscarinicy
cholinergic receptors (17, 18). Alterations also have been
detected in the glandular innervation of the exocrine tissues
from Sjögren’s syndrome patients (30, 31). Recent analyses of
autoantibodies from primary Sjögren’s syndrome patients have
detected antimuscarinic receptor activity capable of acting as
a neural receptor agonist (19, 32, 33).

Although the present study does not exclude a role for other
circulating autoantibodies, such as SS-A or SS-B (1, 2), in
mediating hypofunction, antineural receptor antibodies represent
an intriguing potential mechanism for the down-regulation of
exocrine secretion. Desensitization of the signal-transduction
response can occur through chronic activation of agonist-binding
sites or through the generation of autoantibodies capable of
directly blocking or sterically hindering the ability of agonists to
bind to cell surface receptors, thereby depriving cells of the
necessary signals to generate a secretory response. Alternatively,
chronic stimulation of receptors can lead to desensitization of the
secretory response through down-regulation of surface receptor
density (34).

The ability of IgG and F(ab9)2 fragments of sera from Sjögren’s
syndrome patients to either stimulate or inhibit secretory function
could be related to the stage of the disease at the time the serum
was collected or the titer of specific autoantibody fractions. In our
study, we found evidence of both exocrine stimulation and
inhibition in different Sjögren’s patient IgG. One possible expla-
nation for our results would be that the antiglandular reactive
antibody titer is important in determining whether the IgG is
stimulatory or inhibitory in NOD.Igmnull mice. We have not
observed a similar response when IgG from systemic lupus
erythematosus or rheumatoid arthritis patients, free of secondary
Sjögren’s syndrome complications, are injected into NOD-scid
mice (unpublished observations). The ability of a subset of
Sjögren’s syndrome patients to stimulate secretory response is
intriguing in light of the potential therapeutic value to patients
suffering from secretory dysfunction.

Histological analysis of exocrine tissues treated with patient
IgG or F(ab)2 fractions revealed marked morphological changes.
Subsequently, both terminal deoxynucleotidyltransferase-
mediated UTP end labeling and a specific caspase-3 assay have
been conducted to determine whether increased programmed
cell death (PCD) is related to this observation. Preliminary results
have provided no evidence for increased PCD after antibody
transfer (J.B., A.B.P., and M.G.H.-B., unpublished observations).
An alternative explanation to PCD is that the autoantibody
reaction with receptors on the exocrine cell surface provokes a
functional quiescence in the cells manifested in loss of stimulated

FIG. 4. Histologic profiles of the exocrine tissues of NOD.Igmnull mice after chronic treatment with control or Sjögren’s syndrome IgG fractions.
The sections of submandibular, lachrymal, and pancreas were stained by hematoxylinyeosin and observed by light microscopy (3400). Sjögren’s
syndrome patients #12 and 31, one stimulating secretion and the other inhibiting secretion, were used in this evaluation.
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secretory response. The appearance of histologically identifiable
vacuolar structures may be the result of fusion of intracellular
secretory granules and digestion of their contents because of a
lack of response. Thus, by entering a period of functional rest, the
cells may avoid further attack by the activated immune system.
The induction of functional quiescence is consistent with the
observation that the salivary glands are able to fully recover
secretory response after a 1-week washout period in which
antibody treatment is terminated.

In summary, the results presented here indicate a primary role
for autoantibodies, presumably directed against the autonomic
nervous system receptors (17–19), as playing a primary role in the
clinical manifestation of Sjögren’s syndrome, namely, the loss of
secretory function. The identification of these antibodies as
agents in the disease process suggests new modalities for treat-
ment potentially based on specific immunomodulatory therapy.
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FIG. 5. Inhibition of‘[3H]QNB binding to NOD parotid gland
membranes by primary Sjögren’s syndrome IgG (n 5 5; open circles)
or normal patient IgG (n 5 3; solid circles). Increasing concentrations
of human IgG were incubated with parotid gland membranes followed
by the addition of 0.5 nM radiolabeled ligand agonist (21) (solid lines).
Immunoprecipitation of [3H]QNB-labeled muscarinic receptors by
normal and patient IgG is represented by the dashed lines. The results
are the mean 6 SE for Sjögren’s syndrome patients (#36, 71, 77, 93,
97) and normal healthy controls (#4, 5, 6) performed on two separate
occasions in duplicate. Control binding of 100% refers to the value of
[3H]QNB bound to the membrane without the addition of antibody
reagents (20).
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