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Sjogren's syndrome was first recognized by Henrich Sjogren (1933) as the triad of 
keratoconjunctivitis sicca, xerostomia and rheumatoid arthritis. Based upon unique 
clinical, immunologic and genetic features, two distinct forms of Sjogren's syn
drome, primary and secondary, have since been recognized (Bloch et al. 1965; Fox 
et al. 1984; Moutsopoulos et al. 1980). The primary form is keratoconjunctivitis 
sicca associated with xerostomia, whereas secondary Sjogren's syndrome is the 
triad of keratoconjunctivitis sicca, xerostomia and a connective tissue disease (Fox 
et al. 1984; Kaplinsky et al. 1980; McAdam et al. 1976; Whaley and Alspaugh 
1985). Sjogren's syndrome is of interest because it is a common autoimmune disease 
with significant morbidity (Moutsopoulos et al. 1980). Although extensive studies 
have provided a large body of information concerning autoantibody production, 
immune complexes, immunoregulation and immunogenetics, the etiology of 
Sjogren's syndrome is not known. Appropriate animal models could greatly 
advance our understanding of the pathogenesis and treatment of this disorder. 

Characteristics of Ideal Animal Models of Sjogren's Syndrome 

In the past three decades, a number of investigators have examined models of 
Sjogren's syndrome which might exhibit clinical, pathologic and immunologic fea
tures similar to human disease. The ideal animal model should have the clinical 
hallmarks of dry eyes and dry mouth, and the lacrimal and salivary glands should 
have mononuclear inflammatory cell infiltration with destruction of normal ductal 
epithelium and epimyoepithelial island formation. Typical serologic abnormalities 
such as hyperglobulinemia, antinuclear antibodies, antibodies to extractable 
nuclear antigens SS-A (Ro) and SS-B (La), and rheumatoid factor should be pres
ent. 
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Induction of Experimental Sialoadenitis 

Investigators have taken several approaches to develop experimental Sjogren's syn
drome. A variety of animals have been injected with salivary gland extracts in com
plete Freund's adjuvant in an attempt to induce experimental sialoadenitis, rats sen
sitized with foreign protein have been challenged with antigens instilled into the 
parotid duct, and rats and mice have been injected with antisera raised in rabbits 
immunized with salivary glands or saliva. Most of these studies, performed prior to 
recent advances in cellular immunology, did not explore basic mechanisms of auto
immune sialoadenitis. Recent reports of mice with chronic graft-versus-host dis
ease, however, suggested that salivary gland inflammation could be induced as part 
of a generalized autoimmune diathesis. 

Adjuvant Models 

Adjuvant models of Sjogren's syndrome are described in Table 1. 
Beutner and colleagues (1961) attempted to produce sialoadenitis by injecting 

New Zealand White rabbits with saline extracts of rabbit submaxillary salivary 

Table 1. Adjuvant models of experimental sialoadenitis 

Animal 

Rabbits 

Cat 

Guinea pig 

Guinea Pig 

Rats 

Rats 

Mice 
(thymecto
mized) 

Mice 

Substances injected 

Submax+CFA 

Parotid+CFA 

Submax+CFA 

Adjuvants (carbonyl 
iron, Bortadella 
pertussus vaccine) 

Submax+ CFA 
+ Bortadella 
pertussus vaccine 

Submax+CFA 

Submax+CFA 

Salivary gland+CFA 

Results 

Produced 
antibodies, 
no sialoadenitis 

Dose-related 
sialoadenitis 

Sialoadenitis in 
treated and 
control animals; 
inflammation probably 
nonspecific 

Focal areas of 
inflammation 

Sialoadenitis 
severe if mature 
female donated submax; 
T cell depletion 
decreased sialoadenitis 

Sialoadenitis; 
immunoflourescence 
of duct cell cytoplasm 

Thy 1.2+, Lyt2+ 
cells infiltrated 
submax and parotid 

Autoimmune SLiNi 
strain developed 
severe sialodenitis 

Reference 

Beutner et al. 1961 

McCabe 1961 

Chan 1964; 
Kurata et al. 1969 

Whaley and 
MacSween 1974 

Sharawyand 
White 1978; 
White and 
Casarett 1974; 
White 1976 

Dean and 
Hiramoto 1984 

Hayashi 1985 

Takeda and 
Ishikawa 1983 
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gland in complete Freund's adjuvant. This early attempt to induce sialoadenitis did 
not succeed; inflammatory changes were not found in submaxillary glands of the 
recipients. However, circulating antibodies were induced. Sera from 3 of 7 injected 
animals fIXed complement in the presence of rabbit submaxillary gland extract, and 
sera from 6 animals agglutinated tanned red blood cells coated with rabbit "sub
maxillary globulin". 

In a series of similar experiments, McCabe (1961) demonstrated that repeated 
injections of cat parotid gland in complete Freund's adjuvant produced pathologi
cal changes characteristic of Sjogren's syndrome in cats. In one animal which 
received a single injection of extract, parotid tissue contained a small focus of lym
phocytes and an epimyoepithelial island. Cats receiving at least 4 injections had 
progressively more severe parotid inflammation. All 10 immunized animals were 
hyperglobulinemic, possibly due to the nonspecific effect of repeated immuniza
tion, but circulating antibodies to parotid tissue were not demonstrated in a hemag
glutination assay. Adjuvant-injected control animals had no sialoadenitis or hyper
globulinemia. 

A number of early experiments revealed the limitations of adjuvant-induced sial
oadenitis in guinea pigs. Treated animals usually developed minor inflammatory 
changes which were not specific for lacrimal and salivary glands, and epimyoepi
thelial islands were not present. Inflammation bore no relationship to the immuni
zation schedule; in some instances, infiltrates were found in animals injected with 
adjuvant alone. 

Chan (1964) attempted to produce experimental autoimmune sialoadenitis by 
injecting guinea pigs with homogenized guinea pig submaxillary glands in phenol
saline mixed with complete Freund's adjuvant. Fourteen of 30 immunized animals 
developed sialoadenitis in at least one salivary gland. The pathologic lesions, which 
resembled Sjogren's syndrome, consisted of inflammatory mononuclear cell infil
tration of ducts and acini. However, epimyoepithelial island formation was absent. 
In this model, severity of the lesions was not related to number of immunizations or 
the time interval following immunization. Sialoadenitis was found in submaxillary 
glands from two control animals injected only with complete Freund's adjuvant; 
therefore, injecting salivary gland plus adjuvant may have produced a nonspecific 
inflammatory response. 

In a separate series of experiments, syngeneic and allogeneic salivary gland lipo
protein extracts plus complete Freund's adjuvant were injected into guinea pigs and 
controls received extracts of xenogeneic organs other than salivary glands (rabbit 
or human liver, pancreas, kidney, spleen, adrenal or thyroid). Sixteen of 25 re
cipients developed focal periductal lymphocytic infiltrates in the parotid and 
lacrimal glands, but submaxillary glands were spared. Scattered lymphocytic in
ftltrates were also found in the kidney, testis, adrenal, thyroid and liver of the 
experimental group. No lesions were found in control animals (Kurata et al. 
1969). 

In a subsequent study, Whaley and MacSween (1974) produced sialoadenitis in 
guinea pigs injected with a variety of adjuvants (complete Freund's adjuvant, car
bonyl iron, Bortadella pertussis vaccine) alone or in combination. The affected 
glands were characterized pathologically by focal periductal mononuclear cell infil
tration of glandular tissue without epimyoepithelial island formation. Injections of 
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salivary gland extract in complete Freund's adjuvant, however, did not produce 
inflammatory changes. 

T lymphocytes participate in induction of inflammation in the rat adjuvant model 
(Sharawy and White 1978; White and Casarett 1974). Lewis rats immunized with a 
saline extract of allogenic submaxillary tissue in complete Freund's adjuvant and 
injected with Bordetella pertussis vaccine at the time of immunization developed 
sialoadenitis. Severity of lesions was influenced by age and sex of donor rats. 
Extracts from mature female rats produced multiple inflammatory lesions charac
terized by foci of mononuclear inflammatory cells adjacent to ducts without 
destruction of epithelium. Extracts from males and immature animals produced a 
milder form of sialoadenitis. Abnormalities were not present in other salivary 
glands or lacrimal glands. Rats which were made T cell deficient by thymectomy, 
whole body irradiation and reconstitution with syngeneic bone marrow cells had 
decreased occurrence of experimental sialoadenitis (12% in T cell deficient mice 
versus 80% in sham-thymectomized controls). However, passive transfer of disease 
could not be accomplished with serum or lymph node cells (White 1976). 

In a more recent study, Dean and Hiramoto (1984) produced inflammation in 
submaxillary, parotid, lacrimal and harderian glands of Wistar rats by injecting 
homogenized syngeneic submaxillary and sublingual glands in complete Freund's 
adjuvant (Fig. 1). Sera from experimental rats and from controls injected with adju
vant alone were tested by indirect immunofluorescence on a series of organs includ
ing rat salivary glands. Fluorescence was noted in cytoplasm of salivary duct cells, 
but this reactivity did not correlate with the presence of sialoadenitis. 

Hayashi and associates (1985) emphasized the role ofT lymphocytes in adjuvant
induced sialoadenitis in mice. Sialoadenitis was induced in CRJ mice thymecto
mized three days after birth and immunized with syngeneic submaxillary salivary 

Fig. 1. Submandibular gland of a rat 14 days after injections of submandibular salivary gland plus 
complete Freund's adjuvant and Bortadella pertussis vaccine. The acini and granular tubules are 
disrupted and replaced by duct-like structures and mononuclear cell infiltrate (phosphotungstic 
acid hematoxylin, X 400). Photograph generously supplied by D. H. Dean, D. D. S., M. S. 
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glands emulsified in complete Freund's adjuvant. Inflammatory lesions, localized 
specifically to the submaxillary and parotid glands, were composed predominantly 
of small and medium lymphocytes which expressed Thy 1.2 and Lyt 2 cell surface 
antigens. In later stages of disease, scattered IgG-bearing cells appeared in the 
periphery of inflammatory lesions. Based upon these findings, the authors postu
lated that a population of Lyt2+ (suppressor/cytotoxic) cells mediated inflamma
tion in salivary glands. 

Takeda and Ishikawa (1983) studied the SLiNi mouse strain, which spontane
ously develops systemic lupus erythematosus-like illness with vasculitis, glomerulo
nephritis, and lymphoid infiltration in the salivary glands (Takeda et al. 1981). 
These autoimmune animals were unusually susceptible to induction of sialoadeni
tis. SLiNi mice immunized with syngeneic salivary gland tissue in complete 
Freund's adjuvant developed extensive lymphoid infiltration of the submaxillary 
salivary glands, with proliferation of duct epithelial cells (Takeda and Ishikawa 
1983). 

Adjuvant models failed to reproduce the histological characteristics of Sjogren's 
syndrome, but they may afford the opportunity to examine factors which induce or 
protect from sialoadenitis. Work with related models (Ben-Nun and Cohen 1982; 
Holoshitz et al. 1983; Maron et al. 1983; Naparstek et al. 1983) suggested that spe
cific lines of effector T lymphocytes, generated in vitro and injected into rats, specif
ically mediated encephalomyelitis, thyroiditis or arthritis depending upon the anti
gen used to generate the cell line. The same cell lines prevented later induction of 
adjuvant disease. For example, "arthritogenic" lymphocytes isolated from Lewis 
rats immunized with complete Freund's adjuvant produced transient arthritis in 
irradiated recipients, but the same rats were protected from subsequent induction of 
adjuvant arthritis (Holoshitz et al. 1983). 

Instillation of Antigens into the Parotid Duct 

Rats immunized with foreign protein and challenged with antigen instilled directly 
into the parotid duct develop parotid inflammation. A number of antigens have 
been used to produce gland inflammation, including human plasma (Sela et al. 
1972), bovine serum albumin (Boss et al. 1977; Sela et al. 1973; Sela et al. 1975) and 
bovine gamma globulin (Sela et al. 1975). In some instances, sialoadenitis was 
induced by instilling xenogeneic protein directly into the parotid duct without prior 
systemic sensitization (Ulmansky et al. 1972). The pathologic findings in chronic 
lesions induced by multiple injections of antigen resembled Sjogren's syndrome. 
Parotid tissue contained atrophy of the glandular parenchyma, intralobular duct 
ectasia and dense mononuclear infiltration consisting of lymphocytes, histiocytes 
and plasma cells. No epimyoepithelial islands were noted (Boss et al. 1977). 

Subsequent experiments did not determine clearly if local inflammation or a true 
autoimmune response was the major cause of parotid inflammation in this model. 
Instillation of nephrotoxic rabbit antiserum to rat basement membrane into the can
nulated parotid duct produced acute necrotizing sialoadenitis and. vasculitis. It was 
postulated that in situ reaction between the exogenous antibodies and tissue anti
gens produced parotid inflammation (Rosenmann et al. 1974). Finding immuno
globulin deposits in parotid glands of rats with sialoadenitis induced by intraductal 
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antigen supported the theory that antibody played a role in the pathogenesis of 
inflammation. Attempts to produce acute sialoadenitis with preformed immune 
complexes placed in the parotid duct, however, produced acute acinar necrosis 
which did not resemble Sjogren's syndrome (Dishon et al. 1973). 

Antisera to Salivary Glands or Saliva 

Haferkamp (1962) gave rats intravenous injections of globulin fractions of rabbit 
antisera to rat lacrimal and salivary glands. Deposits of immunoglobulins were 
identified in acinar tissue and secretory ducts of parotid glands in recipients. If 
these animals received subsequent injections of antigen or foreign protein, wide
spread destructive changes appeared in lacrimal glands and parotid and submaxil
lary salivary glands. 

Ichikawa et al. (1982) immunized Japanese white rabbits with Sephadex
G200-separated fractions of rat submaxillary glands. Sera from the immunized rab
bits, which reacted with cell membranes, nuclear membranes and duct material in 
rat submaxillary glands by indirect immunofluorescent testing, was injected intra
peritoneally into normal rats. Seven days later, submaxillary glands, livers and kid
neys from the recipients contained scattered periductal infiltrations of mononuclear 
cells, polymorphonuclear cells and eosinophils. Granular deposits of rabbit gamma 
globulin were found by immunoflourescence in cytoplasm of infiltrating inflamma
tory cells and in the walls of small vessels surrounding salivary gland acini. Because 
the inflammatory changes and immunoglobulin deposits were nonspecific, it was 
suggested that lesions were caused by circulating immune complexes formed by 
non-organ specific antibodies contaminating the antiserum. 

Weill and Goldberg (1976) found that eVA mice injected with heterologous 
antisera against fractionated mouse saliva developed ultrastructural cytolysis in 
submaxillary acinar cells, with disappearance of rough endoplasmic reticulum and 
dissociation of Golgi apparatus. Examination of salivary tissue by light and trans
mission electron microscopy showed no evidence of inflammation. No abnormali
ties were detected in control mice injected with normal rabbit sera or crude rabbit 
anti-mouse immune globulin. 

Graft-versus-host Disease 

In chronic graft-versus-host disease, immune complex deposits and salivary gland 
inflammation are induced in strains of mice which are not predisposed genetically 
to develop autoimmunity. Nonirradiated B10 X DBAl2 Fl mice injected with 
DBAI2 spleen cells developed B cell activation, with excessive production of IgG 
and multiple antibodies directed preferentially against self antigens (Pals et al. 
1984; Van Rappard-Van der Veen et al. 1984). Disease in these mice resembled sys
temic lupus erythematosus, with antibodies to DNA, lymphoid hyperplasia, periar
teritis and glomerulonephritis (Gleichmann et al. 1982). Periductallymphoid infil
trates developed in salivary glands and liver, and perivascular lymphoid infiltrates 
were found in salivary glands, liver, kidney and lung (Pals et al. 1984). The finding 
of salivary gland inflammation in murine graft-versus-host disease was of interest in 
view of the description of Sjogren's syndrome-like disease in humans undergoing 
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chronic graft-versus-host reaction following allogeneic bone marrow transplanta
tion (Gratwhol et al. 1977; Lawley et al. 1977; Shulman et al. 1978). 

Viral Sialodacryoadenitis in the Rat 

Infection with a specific corona virus (Kojima et al. 1980) causes swelling of the 
neck, ophthalmic lesions, and hypersecretion of porphyrin-stained tears in rats 
(Innes and Stanton 1961). Beginning 4-5 days after exposure to the virus, lacrimal 
glands of affected rats develop necrosis of ductal epithelial cells, interstitial edema 
and infiltrates ofhistiocytes, lymphocytes and polymorphonuclear leukocytes. Viral 
particles have been identified by electron microscopy in ductal epithelial lining cells 
(Jonas et al. 1969). Inflammatory lesions occur less commonly in the submaxillary 
and parotid salivary glands (Fig. 2). Inflammation of the glands is usually self
limited (Eisenbrandt et al. 1982; Jonas et al. 1969). In some instances, infection with 
sialodacryoadenitis virus may lead to residual inflammation of the lacrimal glands. 
Chronic disease has also been identified in the harderian glands, which are acces
sary lacrimal glands occupying much of the orbit deep to the eyeball in rats and 
mice (Bellhorn 1981 ; Innes and Stanton 1961). These chronic lesions resemble 
Sjogren's syndrome. A recent description of subclinical disease in young Sprague
Dawley rats documented chronic dacryoadenitis with multilobular atrophy of alve
olar tissue 20-38 days after exposure to the virus (Fig. 3) (Eisenbrandt et al. 1982). 
Decreased tear formation in infected animals commonly results in keratoconjuncti
vitis (Lai et al. 1976). 

Fig.2. Acute viral sialodacryoadenitis involving the parotid salivary gland in the rat. Degenerating 
acinar cells are infiltrated with lymphocytes, macrophages and plasma cells. Squamous metaplasia 
of duct epithelium is noted (D) (hematoxylin and eosin, X 215). Photograph supplied through the 
courtesy of David L. Eisenbrandt, D. V. M., Ph. D., and reprinted with permission from Lab Anim 
Sci 32 : 655-659, 1982 
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Fig. 3. Chronic lesions of viral sialodacryoadenitis. Involvement of the intraorbital lacrimal gland 
is characterized by infiltration of inflammatory cells as well as degenerative and atrophic changes in 
acinar cells (hematoxylin and eosin, X 82). Photograph supplied by David L. Eisenbrandt, D. V. M., 
Ph.D. 

Sialoadenitis in Murine Models of Autoimmunity 

Many spontaneous disorders in mice have been recognized as important models for 
the study of autoimmune disease. Strains of mice have been described with autoim
mune hemolytic anemia (Bielschowsky et al. 1959), systemic lupus erythematosus 
(Howie and Helyer 1968) and rheumatoid arthritis (Hang et al. 1982; O'Sullivan et 
al. 1985). 

Because features of Sjogren's syndrome are common in patients with systemic 
lupus erythematosus (Moutsopoulos et al. 1980; Ramos-Niembro and Alarcon
Segovia, 1979), mice with lupus-like diseases might be expected to have features of 
Sjogren's syndrome. A number of careful studies have confirmed that inflammation 
of lacrimal and salivary glands is common in mice with lupus, including NZB, 
NZB/NZW (Kessler 1968) and the MRL substrains (Hoffman et al. 1984). Severity 
of inflammation in autoimmune strains is summarized in Table 2. These abnormali
ties, however, are uncommon in normal mice (Hoffman et al. 1984). 

Table 2. Sjogren's syndrome in autoimmune mice (Kessler 1968; Kessler et al. 1971; HotTman et al. 
1984) 

Conjunctivitis Lacrimal Gland Salivary Gland 
Inflammation Inflammation 

NZB Yes Mild Mild 

NZB/NZW Yes Moderate Moderate 

MRLlI Yes Severe Severe 
MRLln Yes Severe Severe 
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Autoimmune Strains of Mice 

Immune mediated hemolytic anemia was recognized in the New Zealand Black 
(NZB) mouse by Bielschowsky et al. (1959) as the first spontaneous autoimmune 
disease in an animal model. This strain also develops membranous glomerulone
phritis (Howie and Helyer 1968) and lymphoid hyperplasia which may progress to 
frank lymphoid malignancy (East 1970). Howie and Helyer (1965) recognized that 
Ft NZB/NZW offspring of NZB crossed with the New Zealand White (NZW) 
strain (Hahn and Shulman 1969; Kelley and Winkelstein 1980) developed illness 
resembling systemic lupus erythematosus. 

MRL/I mice, which are homozygous for the lpr gene, develop accelerated auto
immune disease characterized by massive lymph node proliferation, hyperglobulin
emia, antibodies to DNA and Sm, rheumatoid factor, vasculitis and glomerulone
phritis. Mice of the MRLln substrain, which lack lpr/lpr and do not develop 
lymphadenopathy, develop mild lupus-like disease with low levels of anti-DNA 
antibodies and late-onset glomerulonephritis (Andrews et al. 1978; Murphy 1981; 
Theofilopoulos et al. 1980; Theofilopoulos and Dixon 1985). 

Abnormalities of Harderian, Lacrimal and Salivary Glands in Autoimmune Mice 

Kessler (1968, 1971) was the first investigator to describe spontaneous changes of 
Sjogren's syndrome in NZB and NZB/NZW mice. Modified Schirmer tests in 
6 NZB/NZW mice were compared to 6 control NZW mice; in NZB/NZW hybrids, 
mean wetting was 3.1 mml2 minutes and in NZW mice wetting was 4.8 mm. Slit 
lamp biomicroscopic examinations were not successful due to the small size and 
extreme curvature of mouse eyes (Kessler HS, personal communication). The amy
lase content of saliva from NZB and NZB/NZW mice was less than half the con
tent in NZW controls. Salivary protein was higher in NZB/NZW mice compared to 
NZW mice, and levels of sodium, potassium and chloride were similar in both 
groups of animals. 

Conjunctivae from NZB/NZW mice showed increased numbers of goblet cells, 
epithelial cell sloughing and increased keratin granules, whereas the cornea was 
edematous and irregular. Round cells infiltrated the vitreous and anterior chamber. 
Some NZB/NZW mice had posterior synechiae of the iris. 

Harderian, lacrimal and salivary glands from NZB mice and NZB/NZW mice 
aged 2 to 15 months were examined. Periductal and perivascular mononuclear cell 
infiltrates were observed in virtually every animal after 4 months of age. The cellular 
infiltrates consisted mainly of small lymphocytes, plasma cells and reticulum cells. 
Epimyoepithelial island formation was present. Figure 4 illustrates a typical lesion 
in the lacrimal gland of a NZB mouse. Inflammation was most severe in lacrimal 
glands, and infiltrates were typically smaller and fewer in number within the harde
rian glands. Lesions were less extensive in the salivary glands. Decreasing grades of 
involvement were observed in parotid, submaxillary and sublingual glands. Mono
nuclear infiltrates increased with age and were more pronounced in females com
pared to males. NZB mice had in general less extensive glandular lesions than 
NZB/NZW hybrids. These reports, which have been cited extensively, established 
NZB/NZW mice as a model of Sjogren's syndrome (Kessler 1968; Kessler et al. 
1971). 
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Fig. 4. A dense mononuclear cell infiltrate localized around two ducts in the lacrimal gland of an 
8-month-old NZB male (hematoxylin and eosin, approximate original magnification X 250). This 
photograph, from the original collection of Harry S. Kessler, D. D. S., was made available through 
the generosity of his heirs 

Greenspan et al. (1974) extended the observations of Kessler to examine popula
tions of cells infiltrating salivary glands in NZB/NZW mice. The earliest abnormal
ities were observed in the submaxillary glands. Immunoglobulin-positive lympho
cytes and plasma cells appeared around blood vessels related to medium sized 
intralobular ducts. As the infiltrates expanded, acini degenerated and the ducts 
became surrounded by inflammatory cells and underwent mild degenerative 
changes. Later in the course of disease, larger infiltrates were found; the majority of 
cells in these foci stained with anti-mouse thymocyte serum. 

Keyes and associates (1977) were the first to note the orderly progression of cellu
lar infiltration in NZB/NZW mice. Early lacrimal gland involvement was followed 
by submaxillary and parotid gland inflammation, and invading cells were centered 
predominantly around ducts and blood vessels. In accord with the report of Kessler 
(1971), structures resembling epimyoepithelial islands were found. Control CBAI 
Ht6 mice in this study lacked glandular inflammation. 

Carlsoo and Ostberg (1978, 1979) carried out the first ultrastructural studies of 
NZB/NZW submaxillary and parotid glands. They reported mononuclear cells 
infiltrating glandular tissue adjacent to ducts and vessels, with invasion of acinar 
and intercalated duct cells. The infiltrates consisted primarily of lymphocytes with 
occasional histiocytes and plasma cells. Some acinar and duct cells were lysed, 
whereas others appeared damaged and contained cytoplasmic vacuoles and vesicu
lated endoplasmic reticulum. There was no epimyoepithelial cell proliferation, and 
it was concluded that the basic pathologic lesion in NZB/NZW submaxillary and 
parotid glands was vasculitis. 

Our studies of Sjogren's syndrome in autoimmune mice employed large numbers 
of NZB and NZB/NZW mice and normal C57BLl6J and DBAl2 controls to 
extend earlier descriptions and to permit comparison between strains (Hoffman et 
al. 1984). We confirmed the results of Kessler (1971) showing ocular dryness in 
NZB/NZW mice. Tear flow was diminished significantly in autoimmune NZBI 
NZW mice compared to control C57BLl6J and DBA/2 mice (Hoffman et al. 1984). 
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Histological evidence of conjunctivitis was present in 71 % of NZB and 26% of 
NZB/NZW mice but not in nonautoimmune control strains. Several New Zealand 
mice had corneal epithelial thinning with epithelial cell sloughing, but these 
changes were also present in nonautoimmune controls. The remainder of the eyes 
were unremarkable except for occasional cataracts (Hoffman et al. 1984). 

In our comparative study, lacrimal glands had the most severe inflammatory 
changes. Submaxillary, parotid and sublinguial salivary glands were involved with 
diminishing severity. Inflammation was present in 85% of NZB and 57% of NZBI 
NZW lacrimal glands, while 32% of NZB and 40% of NZB/NZW submaxillary 
glands were affected. In contrast to the report of Kessler and associates (1971), we 
found that salivary gland inflammation in NZB mice was more severe compared to 
NZB/NZW mice. The NZB mice in our study were older than the mice studied by 
Kessler (1971), and we felt our results reflected progression of infiltrates in aging 
animals. We did not find epimyoepithelial islands in glands from New Zealand 
mice. After examining serial sections of salivary glands, we concluded that cross 
sections through the end of an acinar duct resembled hyperplasia of ductal cells; 
these structures might be mistaken for epimyoepithelial islands. 

MRL mice were, to our knowledge, first mentioned as a potential model of 
Sjogren's syndrome by Huston and Steinberg (1979). Recently, Hang and associates 
(1982) reported that 60% of MRLlI mice had periductal mononuclear inflamma
tory cell infiltrates in salivary glands. The inflammation was felt to be nonspecific 
because involvement of salivary glands did not correlate with presence or absence 
of rheumatoid-like polyarthritis. Furthermore, similar patterns of inflammation 
were present in lungs and kidneys of MRLlI and MRLln mice. 

We recently reported an extensive study of features of Sjogren's syndrome in 
MRL/I and MRLln mice and normal controls (Hoffman et al. 1983; Hoffman et al. 
1984). Ocular pathology was common in the MRL substrains. We found band kera
topathy and posterior uveitis (Hoffman et al. 1983). Conjunctivitis, involving the 
bulbar and palpebral conjunctiva, was associated with inflammation of adjacent 
sebaceous glands (Fig. 5) (Hoffman et al. 1984). Sialoadenitis in MRL mice was sim
ilar to the inflammatory changes in New Zealand mice, but the MRL substrains had 
more severe lesions. Detailed grading of cellular infiltrates revealed a predictable 
pattern of inflammation, with preferential involvement of salivary and lacrimal 
glands and minimal lesions in lungs and kidneys. We postulate that the infiltrates 
were directed specifically at gland target organs. Sialoadenitis of the lacrimal glands 
was found in 50% ofMRLlI and 90% ofMRLln mice; 86% ofMRLlI and 94% of 
MRLln mice had sialoadenitis involving the submaxillary salivary glands. Infiltra
tion of parotid and sublinguial glands occurred less frequently. 

Inflammation in lacrimal and salivary glands of MRLlI and MRLln mice was 
characterized by large multifocal confluent infiltrates of lymphocytes, with occa
sional histiocytes and plasma cells. Perivascular and peri ductal aggregates of cells 
infiltrated and led to focal destruction of secretory alveoli. Epimyoepithelial island 
formation was not present. Typical lesions in lacrimal glands are shown in Figs.6 
and 7. Figure 8 illustrates mononuclear infiltration of the submaxillary gland of a 
MRL/I female. Transmission electron microscopy identified infiltrating cells in lac
rimal glands as predominantly lymphocytes (Fig.9). Numerous lymphoblasts were 
present and the glandular architecture was almost completely destroyed by the 
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Fig. 5. Severe inflammation in a section through the superior palpebral conjunctiva of a female 
MRLln mouse aged 9 months. Overlying epithelium (arrow) is hyperplastic. Conjunctival tissue 
contains diffuse infiltrates of mononuclear and polymorphonuclear cells. On the left, the sebaceous 
glands are infiltrated with inflammatory cells (hematoxylin and eosin, original magnification 
X 100). Reprinted with permission from Arthritis Rheum 27: 157-165, 1984 

Fig. 6. A characteristic lesion in the lacrimal gland of a MRLlI male aged 4 months. Mononuclear 
cells infiltrate the adjacent parenchyma, resulting in focal destruction of secretory alveoli (hematox· 
ylin and eosin, original magnification X 250). Reprinted with permission from Arthritis Rheum 27: 
157-165,1984 
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Fig. 7. Lacrimal gland tissue from a female MRLlI mouse 4 months of age, with infiltration and 
destruction of acini by inflammatory cells (hematoxylin and eosin, original magnification X 400) 

Fig.S. Submandibular gland infiltrated with mononuclear cells, 9-month-old MRL/I female. A 
duct and acini are invaded by inflammatory cells (hematoxylin and eosin, original magnification 
X 250). Reprinted with permission from Arthritis Rheum 27: 157-165, 1984 

invasive nature of these cells. No viruses or tubuloreticular structures were identi
fied (Hoffman et al. 1984). 

Antibodies to the extractable nuclear antigens SS-A and SS-B occur frequently in 
Sj6gren's syndrome and may playa role in the pathogenesis of the disease (Whaley 
and Alspaugh 1985). For these reasons, sera from 10 male and 10 female NZB, 
NZB/NZW, MRLlI and MRLln mice were examined for antibodies to SS-A and 
SS-B using the Ouchteriony technique. Immunoprecipitation was not detected with 
this relatively insensitive assay (Hoffman et al. 1984). 
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Fig. 9. Electron micrograph of lacrimal gland from a female MRLln mouse. Architecture of the 
gland has been destroyed by infiltration of lymphocytes (L). Prominent endoplasmic reticulum, 
prominent Golgi apparatus and cytoplasmic extension identify these cells as transformed lympho
cytes. A fibroblast (F) appears to be laying down collagen (arrow) (transmission electron micros
copy, original magnification X 3,300). Reprinted with permission from Arthritis Rheum 27 : 
157- 165,1984 

Autoimmune mice are promising models for studies of the pathogenesis and 
treatment of Sjogren's syndrome. In humans, monoclonal antibodies have been 
used to identify infiltrating cells in labial biopsies of patients with Sjogren's syn
drome as predominantly OKT4-positive (helper-inducer) lymphocytes (Fox et al. 
1982). It would be of interest to study autoimmune mice using monoclonallympho
cyte surface markers to determine if similar subsets of T lymphocytes infiltrate lacri
mal and salivary glands. Murine models could also be used to evaluate therapeutic 
agents such as immunosuppresive drugs and monoclonal antibodies directed 
against lymphocyte surface antigens. 

Therapy of Sialoadenitis in Autoimmune Mice 

Therapy of Sjogren's syndrome with immune modulating substances has been 
tested in autoimmune mice. Bach and associates (1980) found diminished 
99-Technetium uptake in submaxillary glands of NZB/NZW mice compared to 
nonautoimmune controls. The abnormal salivary scintigraphy was felt to reflect 
Sjogren's syndrome. Synthesized T cell-stimulating serum thymic factor ("facteur 
thymic serique") was administered to 6-week-old NZB/NZW females. Mter 
20 weeks of treatment, uptake of 99-Technetium over the submaxillary glands 
returned to normal. Long-term therapy with the thymic factor was associated with 
93% incidence of renal amyloidosis; this complication was attributed to the use of 
carboxymethylcellulose as a vehicle for injection. A group of NZB mice received 
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facteur thymi que serique beginning of 33 weeks of age. Ten weeks later, scinti
graphic examination showed modest increases of radioisotope uptake. It was con
cluded that thymic factor prevented Sjogren's syndrome, but prolonged therapy 
was potentially hazardous. 

Schot et al. (1984) described the use of a weakly androgenic steroid, nandrolone 
decanoate, in NZB/NZW female mice and castrated male mice. Treatment with 
2.5-40 mg/kg given subcutaneously every third week for 9 months reduced signifi
cantly the number and total area of mononuclear cell infiltrates in submaxillary 
glands compared to untreated control mice. It was suggested that the therapeutic 
efficacy and weak virilizing properties of nandrolone decanoate might promote its 
use in treating human Sjogren's syndrome. 

In summary, New Zealand mice, the prototypes of spontaneous autoimmune dis
ease, were the first murine models of Sjogren's syndrome. They have dry eyes, con
junctivitis and mononuclear cell infiltrates in lacrimal and salivary glands. An 
important marker of Sjogren's syndrome, epimyoepithelial island formation, has 
been reported in NZB/NZW mice although examination at the ultrastructuallevel 
failed to confirm this observation. Recently, new strains of autoimmune mice have 
been described and studied as potential new models of Sjogren's syndrome. MRLlI 
and MRL/n mice, which exhibit severe inflammatory cell infiltration and destruc
tion of lacrimal and salivary glands, afford opportunities for continued exploration 
of the pathogenesis and therapy of Sjogren's syndrome. 

Sjogren's Syndrome in Dogs 

A large number of autoimmune diseases have been reported in dogs, including 
Sjogren's syndrome, systemic lupus erythematosus, rheumatoid arthritis, polyar
thritis, autoimmune hemolytic anemia and immune mediated thrombocytopenia 
(reviewed in Halliwell 1978; Halliwell 1982; Lewis 1974). 

Plasmacytic Conjunctivitis 

German shepherds raised in areas of high exposure to sunlight may develop plas
macytic conjunctivitis. This lesion is characterized by inflammation and thickening 
of the nictitating membrane which often progresses to superficial keratitis. Affected 
dogs usually present with epiphora or normal tear flow. Biopsy of the membrane 
reveals dense subconjunctival infiltration of plasma cells (Teichert 1966; Kaswan 
RL, personal communication). 

Keratoconjunctivitis Sicca 

Keratoconjunctivitis sicca is a common, potentially blinding disorder in dogs which 
may result from congenital deficiency in tear production (Gelatt and Gwin 1981), 
trauma (Brightman 1980), canine distemper (Aguirre et al. 1971; Kaswan et al. 1984) 
or prolonged treatment with sulphonamides (Slatter and Blogg 1978). The lacrimal 
gland and the seromucous gland of the nictitating membrane are the major sources 
of tears in the dog (Gelatt et al. 1968). Treatment of prolapse of the nictitating mem-
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brane gland by surgical removal may therefore predispose to later development of 
keratoconjunctivitis sicca, especially if tear production is compromised by another 
disorder (Gelatt and Gwin 1981). 

In a recent study, 13 of 28 dogs with keratoconjunctivitis sicca had no major con
current disease. These animals are of special interest because they may represent 
models of primary Sjogren's syndrome in which the gland of the nictitating mem
brane is readily accessible as a biopsy site (Kaswan et at. 1984) (Fig. 10). Keratocon
junctivitis sicca has also been reported in dogs with immune mediated disorders 
(polyarthritis, polymyositis, systemic lupus erythematosus, thyroiditis), and it may 
be assumed that these animals have secondary Sjogren's syndrome (Kaswan et at. 
1984; Kaswan et at. 1985) (Fig. 11). Biopsies of nictitating membrane glands and 
main lacrimal glands in affected dogs yielded lesions typical of Sjogren's syndrome: 
moderate to severe infiltration with lymphocy1es and plasma cells, atrophy of tubu
lar structures, and increased intralobular fibrous connective tissue (Kaswan et at. 
1984). These dogs have decreased tear flow in Schirmer's test (Kaswan et at. 1983). 
Antinuclear antibodies, usually a nucleolar pattern, have been found in 42 percent 
of dogs with keratoconjunctivitis sicca (Kaswan et at. 1985), and 34% of affected 
animals had rheumatoid factor detected by the Rose-Waaler test in serum diluted 
1: 16 or greater (Kaswan et at. 1983). Circulating antibodies to the gland of the nicti
tating membrane were demonstrated by indirect immunofluorescence in 9 of 
31 dogs (Kaswan et at. 1985). 

It is apparent that idiopathic keratoconjunctivitis sicca in dogs is often a manifes
tation of widespread involvement of lacrimal and salivary glands. Ten of 50 dogs 
with keratoconjunctivitis sicca studied by Kaswan and associates (1983) had peri
dontitis and apparent xerostomia. Multiple biopsies in a small number of affected 

Fig. 10. Lacrimal adenitis in the nictitating membrane gland of a bulldog with idiopathic kerato
conjunctivitis sicca. Functional acini are atrophied and replaced with increased amounts of fibrous 
connective tissue infiltrated with lymphocytes and plasma cells (hematoxylin and eosin, original 
magnification X 440). Photograph supplied through the courtesy of Renee L. Kaswan, D. V. M., 
M. S. and reprinted with permission from Am J Vet Res 45: 112-118, 1984 
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Fig.11. Advanced inflammatory changes in the nictitating membrane gland of a dog with concur
rent lymphocytic thyroiditis. Cords of hyperplastic ductal epithelial cells, which form epithelial 
islands, are surrounded by dense infiltration of mononuclear cells. Acini (A) are atrophied and 
sparse. Neutrophils (N) are in a former ductal lumen (hematoxylin and eosin, X 200). Photograph 
supplied by Renee L. Kaswan, D. V. M., M. S. and reprinted with permission from Am J Vet Res 45: 
112-118,1984 

Fig. 12. Focal plasmacytic periacinar infiltrates in labial salivary gland of a dog with keratocon
junctivitis sicca. The biopsy was obtained from the ventral submucosa lateral to the lower premolar 
(hematoxylin and eosin, original magnification X 400). Photograph supplied by Renee L. Kaswan, 
D. V.M., M.S. and reprinted with permission from Am J Vet Res 46: 376-383,1985 
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dogs revealed lymphocytic infiltrates in 5 of 9 labial salivary specimens (Fig. 12), 2 
of 4 parotid glands, 2 of 4 mandibular salivary glands, and 2 of 3 thyroid glands 
(Kaswan et al. 1985). 

Sjogren's Syndrome and Canine Systemic Lupus Erythematosus 

Quimby et al. (1979) recognized Sjogren's syndrome in two female poodles from a 
colony maintained for investigations of systemic lupus erythematosus. One animal 
developed chronic bilateral conjunctivitis, keratitis, corneal ulceration and recur
rent vaginitis at 7 years of age. Tear flow was less than 1 mm/minute (normal 
15-30), and the mouth was dry. Laboratory examination revealed LE cells, antinu
clear antibodies in serum diluted 1: 10 and antibodies to native DNA. Indirect 
immunofluorescent testing with frozen sections of nictitating membrane revealed 
antibodies against epithelial cells. A biopsy of the nictitating membrane contained 
infiltrates of polymorphonuclear leukocytes, histiocytes and small lymphocytes. At 
necropsy, the lacrimal gland and the mandibular salivary gland had dense mono
nuclear cell infiltrates. A second dog from the same colony (case 4, Kaswan et al. 
1984) developed conjunctivitis, severe keratoconjunctivitis and xerostomia. 
Schirmer tests revealed wetting of 4-10 mm/minute. This dog had positive tests for 
LE cells, antinuclear antibodies, anti-microsomal antibodies and antibodies to the 
nictitating membrane. The nictitating membrane gland was infiltrated with inflam
matory cells and a thyroid biopsy contained infiltrating small lymphocytes and 
plasma cells that often surrounded thyroid epithelial cells. 

Sjogren's Syndrome and Canine Polyarthritis 

Symmetrical erosive polyarthritis in a dog was reported by Lewis and Hathaway in 
1967. Subsequently, other authors described symmetrical erosive polyarthritis with 
radiographic, serologic and pathologic features similar to rheumatoid arthritis in 
humans (Newton et al. 1976; Pedersen et al. 1976; Schumacher et al. 1980). Of par
ticular interest is a description of Sjogren's syndrome-like illness in a female poodle 
with chronic inflammatory polyarthritis, sialoadenitis, thyroiditis and cholangio
hepatitis (Pedersen et al. 1980). 

Avian Autoimmune Diseases 

In 1968, Bang and Bang described lymphocyte and plasma cell invasion of harde
rian and lacrimal glands in domestic chickens raised under germ free conditions. 
The similarities to sialoadenitis in humans suggested that domestic fowls may be 
useful in the study of Sjogren's syndrome. More recently, a syndrome of inherited 
dysgammaglobulinemia with Coombs positive hemolytic anemia, cryoglobulins 
and rheumatoid factor has been described in chickens (Gershwin et al. 1978). 
Although a detailed study of harderian, lacrimal and salivary glands for features of 
Sjogren's syndrome was not carried out in these animals, several parenchymal 
organs were infiltrated diffusely with inflammatory cells (Gershwin ME, personal 
communication). 
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Attempts to Induce Sjogren's Syndrome in Primates 

Although patients with Sjogren's syndrome develop autoantibodies which react 
equally with human or monkey parotid gland or pancreas (Ludwig et at. 1977), 
there is no recognized nonhuman primate model of sialoadenitis. Felsenfeld (1972) 
reported unsuccessful attempts to induce Sjogren's syndrome in Macaca spedosa 
using repeated injections of autologous salivary gland tissue. In monkeys, bilateral 
greater petrosal neurectomy with subsequent loss of parasympathetic innervation of 
the lacrimal glands caused selective atrophy of serous cells. Total tear secretion was 
diminished to 4-8% of normal values 7-15 days after surgery. Long-term effects 
were not evaluated (Ruskell1969). 

Conclusions 

In conclusion, there are several experimentally induced and spontaneous illnesses 
with features of Sjogren's syndrome in animals. Experimental models of sialoadeni
tis have been produced with salivary gland antigens, adjuvants and allogeneic anti
sera. Sialodacryoadenitis in the rat is an interesting model resulting from infection 
with a specific corona virus. Spontaneously occurring autoimmune diseases with 
features of Sjogren's syndrome in mice, dogs and domestic fowl were reviewed. 
Among these, autoimmune NZB, NZB/NZW, MRL/I and MRL/n mice develop 
destructive inflammation of lacrimal and salivary glands which resemble Sjogren's 
syndrome in humans. Canine keratoconjunctivitis sicca and inherited dysgamma
globulinemia in chickens may also be useful models, and additional studies should 
be undertaken to more fully characterize lacrimal and salivary gland inflammation 
in these animals. A large body of information describing potential laboratory mod
els of Sjogren's syndrome is currently available, and it is apparent that animal mod
els will advance our understanding of the pathogenesis and treatment of this dis
ease. This review will introduce other investigators to these models and hopefully 
stimulate interest in future studies of the pathogenesis and treatment of Sjogren's 
syndrome. 
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