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This study reports that spontaneous autoimmune sia-
ladenitis developed in aging female, rather than male,
BDF1 mice. The lesions first appeared in 6-month-old
female BDF1 mice and were aggravated with advanc-
ing age, especially in 24-month-old and 30-month-old
senescent mice. In contrast, significant inflammatory
changes did not develop in aging male BDF1 mice. The
presence of antisalivary duct antibody was found in

sera from mice with sialadenitis. The infiltrating cells
in the lesions of submandibular salivary glands were
mainly composed of T cells, especially Lyt 1* and
L3T4" cells. Moreover, mild inflammatory lesions
were observed in parotid, sublingual salivary glands,
pancreas, or kidneys in some mice that developed spon-
taneously occurring sialadenitis. (Am J Pathol 1988,
132:173-179)

IN PREVIOUS COMMUNICATIONS, we pre-
sented experimental evidence that allergic sialadenitis
developed in female CRJ:CD-1 mice thymectomized
3 days after birth and later immunized with a homog-
enate of the submandibular salivary gland emulsified
with complete Freund’s adjuvant,’ or immunized
with murine submandibular salivary gland cells that
were infected with mumps virus in vitro.2 These find-
ings suggest that a deficit of T-cell-dependent immune
response is a possible cause of destructive and long-
lasting lesions of the salivary glands. In addition to the
experimental evidence, the incidence of focal lym-
phocytic infiltration in the human submandibular sal-
ivary gland, probably due to an autoimmune process,
showed a trend to increase with advancing age, as re-
ported previously.® Previous immunologic investiga-
tions in aging mice have shown that T-cell-dependent
immune responses decrease with advancing age and
the decline in immunologic activities appears to be re-
sponsible for the increase in the incidence of diseases
such as cancer, infection, or autoimmune disorder.*>
Thus, we were interested in whether any pathologic
states of autoimmune nature including sialadenitis
can develop in aging BDF1 mice that show an appar-
ent T-cell-dependent immunologic disorder with ad-
vancing age.

The present study reports spontaneously occurring
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autoimmune sialadenitis in aging female BDF1 mice
and discusses the possible immune mechanism based
on autoimmunity associated with the aging process.

Materials and Methods
Animals

Female and male (C57BL/6NCr X DBA/2NCrj)F1
(BDF1) mice at 4 weeks of age were purchased from
Charles River Japan, Inc. (Atsugi, Japan) and used in
the present study. Their mean life span was 28.2
months in females and 31.8 months in males. The
mice were reared in our specific pathogen-free mouse
colony. At 3,6, 12, 18, 24, and 30 month of age, BDF1
mice of both sexes (a total of 133 mice) were killed
and provided for histologic and immunohistochemi-
cal examination.

Histology

All organs were removed from the mice, fixed with
4% phosphate-buffered formaldehyde (pH 7.2), and
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Table 1—Degree of Inflammatory Infiltrate in Autoimmune
Sialadenitis in BDF1 Mice

No. of mice
with lesion
(grade 0-4)* Mean grade
No.of ——— oflesion Percent
Months mce 0 1 2 3 4 + SDt incidencet
3 M
Female 10 10
Male 10 10
6 M
Female 10 6 2 2 - - 0.60+080 20.0%
Male 10 M0 - - - - - -
12 M
Female 10 7 1 1 1 0.60 + 1.02 20.0%
Male 10 8 2 - - 0.20 + 0.40 -
18 M
Female 14 - 3 8 3 2.00 + 0.65* 78.6%
Male 10 7 2 1 - 0.40 + 0.66° 10.0%
24 M
Female 15 - 2 7 3 3 247x0.96° 86.7%
Male 10 3 5§ 2 - - 090=x0.70° 20.0%
30 M
Female 14 - 2 8 3 1 221+077° 85.7%
Male 10 4 4 2 - - 080x075 20.0%

* Inflammatory lesions were divided into four grades according to the
method of White and Casarett.®

t Standard deviation.

1 Percent incidence indicates the proportion of numbers of mice with in-
flammatory lesions with Grade 2 or more versus the total number of mice
examined.

Difference between a and b, ¢ and d, or e and f was statistically significant
(P < 0.02, Mann-Whitney U test).

prepared for histologic examination. The sections
were stained with the hematoxylin and eosin (H&E)
and periodic acid-Schiff (PAS) method. Grading of
the inflammatory lesions of submandibular salivary
glands was classified according to the method pro-
posed by White and Casarett.’ Longitudinal sections
of all glands were examined under X150 magnifica-
tion and scored for the degree of infiltration of mono-
nuclear cells, including lymphocyte, plasma cells, and
macrophages, as follows: Grade | indicates that 1-5
foci composed of more than 20 mononuclear cells per
focus were seen; Grade 2 indicates that more than 5
such foci were seen but without significant parenchy-
mal destruction; Grade 3 indicates that multiple con-
fluent foci were seen in moderate degeneration of pa-
renchymal tissue; and Grade 4 indicates extensive in-
filtration of the glands with mononuclear cells and
extensive parenchymal destruction.

Immunochistochemical Staining

Immunohistochemical staining with monoclonal
antibodies was performed on freshly frozen sections
using the biotin-avidin immunoperoxidase method.
Briefly, frozen sections approximately 4 u thick were
fixed in acetone and rinsed in cold phosphate buffered
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saline (PBS, pH 7.2). To inactivate endogeneous per-
oxidases, sections were treated in 0.3% H,O, in meth-
anol for 30 minutes. After washing with PBS, they
were incubated for 1 hour with each of biotinylated
rat monoclonal antibodies to Thy 1.2, Lyt 1, L3T4,
and Lyt2 (Becton-Dickinson, Inc., Sunnyvale, CA.
L3T4 was biotinylated in our laboratory). They were
then washed with cold PBS for 30 minutes and incu-
bated with avidin and biotinylated horseradish perox-
idase complex (ABC reagent, Vector, Burmingham,
CA) for 30 minutes.

After being washed 3 times with PBS, the sections
were reacted with a fresh mixture of 0.05% 3,3-diami-
nobenzidine and 0.005% H,0, in Tris-HCI buffer
(0.05M, pH 7.6) for 5 minutes, washed with distilled
water, and were lightly counterstained with hematox-
ylin. To detect the B-cell lineage, the sections were in-
cubated with rabbit serum to each of mouse IgG, IgM,
or IgA (Miles Laboratories, Erkhart, IN) at a dilution
of 1:60 for 30 minutes at room temperature. Thereaf-
ter, anti-rabbit IgG labeled with horseradish peroxi-
dase (Miles Laboratories) was applied for 30 minutes
at room temperature. The peroxidase was localized in
the manner described above.

Detection of Anti-Salivary Duct Antibody

The presence of antisalivary duct antibody in sera
was examined by the indirect immunofluorescent an-
tibody staining technique for the presence of antisali-
vary duct antibody as described previously.'? Briefly,
frozen sections of submandibular salivary gland from
3-month-old female BDF1 mice were prepared and
reacted with a testing serum and fluorescein isothiocy-
anate (FITC)-labeled rabbit antisera to mouse IgG
(Miles Laboratories). The titer of antisalivary duct an-
tibody was expressed as the highest dilution of testing
serum giving positive staining on the frozen sections.
To confirm specificity of the reaction, absorption tests
were carried out as follows. The submandibular sali-
vary glands, liver, kidney, and adrenals obtained from
3-month-old mice were chopped with scissors. They
were homogenized gently in an equal volume (weight/
volume) of cold PBS and centrifuged at 5000g for 30
minutes. The resulting pellets were suspended in an
appropriate volume (volume/volume) of twofold di-
lution of a testing serum and stood for 1 hour at 37 C.
This mixture was centrifuged at 8000g for 20 minutes,
and the supernatant was used as a testing sample. In
addition, tissue sections from the pancreas, thyroid,
brain, and kidney of the aging mice were examined
for immunoreactivity of antisalivary duct antibody.
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Figure 1—Histologic appearance of spontane-
ously occurring sialadenitis in 24-month-old fe-
male BDF1 mouse. A and B—Photomicro-
graphs demonstrating a severe destructive le-
sion (grade 4) of the submandibular salivary
gland with extensive infiltration of mononuclear
cells. Infiltrative mononuclear cells consists of [N
small and medium-sized lymphocytes. (A, H&E, »

X70; B, H&E, X360)

Results and Discussion

It has been well known that sialadenitis appears
spontaneously in NZB/NZW and SL/Ni mice, with
lesions resembling human diseases such as systemic
lupus erythematosus and polyarteritis nodosa.’'2
Moreover, we have found that allergic sialadenitis is
induced in the submandibular salivary gland of fe-
male CRJ:CD-1 mice by thymectomy 3 days after
birth and later is immunized with a homogenate of
the submandibular salivary gland of female CRJ:CD-
1 mice, emulsified with Freund’s complete adjuvant,’
or immunized with murine submandibular salivary
gland cells that were infected with mumps virus in vi-
tro without the use of any adjuvant materials.” Sialad-
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enitis observed in these mice was similar to that re-
ported in the salivary gland of the patients with Sjo-
gren’s syndrome. '3

In addition, it has been reported that neonatal thy-
mectomy in certain strain of mice results in the spon-
taneous development of inflammatory lesions similar
to human autoimmune diseases in the thyroid, ovary,
kidney, testis, and stomach.'*'® These data imply th. *
a deficit of cellular immune function may be responsi-
ble for the development of organ-localized autoim-
mune diseases.

The decline in T-cell-dependent immune response
with advancing age has been well documented in hu-
mans, rats, guinea pigs, and mice.'*-?! In the BDF1
mice used for this study we found that T-cell-depen-
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Figure 2—Immunohistochemical detection of infiltrative lymphocytes in spontaneously occurring sialadenitis. Positive staining of Thy1.2 (A), Lyt 1 (B), L3T4
(C), and Lyt 2 (D) in 4 serial sections. The majority of lymphocytes recognized as T cells (A), which were composed chiefly of Lyt 1*, L3T4* cells (B,C) and a

lesser number of Lyt 2* cells (D). (A-D, Immunoperoxidase staining, X300)

dent immunologic activities assessed by phytohemag-
glutinin (PHA), concanavalin A (Con A), and mixed
leukocyte reaction (MLR) showed a decline with ad-
vancing age, as reported previously.?>?* However, his-

topathologic and immunohistochemical studies in
aging BDF1 mice have not been reported. Table 1
summarized the degree of mononuclear cell infiltra-
tion and parenchymal destruction of the subman-
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Figure 3—Detection of Ig-bearing cells in infil-
trative mononuclear cells in spontaneously oc-
curring sialadenitis. IgG-bearing cells (arrows)
appear in the periphery of the inflammatory le-
sions in autoimmune sialadenitis. (Immunoper-
oxidase staining, X240)

dibular salivary glands in individual mice of each age
group.

The incidence and severity of spontaneously occur-
ring autoimmune sialadenitis in BDF1 mice increased
gradually with advancing age, and were observed
clearly in more often females than males. Significant
sex differences in occurrence of sialadenitis were ob-
served at 18, 24, and 30 months of age (P < 0.02). The
sex difference in the incidence of sialadenitis has been
acknowledged as a distinct feature of the human auto-

Table 2—Search for Antisalivary Duct Antibody in Sera* from
Mice of Different Month of Age

No. of mice giving FA-

positive reaction
No. of (Antibody titert)
testing
Months Sex sera 1:5 1:20 1:80 1:160
Female 4 - - - -
3M Male 4 - - - -
Female 5 - - - -
6M Male 5 - - - -
Female 5 1! - - -
12M Male 5 - - - -
Female 5 1 1 11 -
18M Male 5 1§ - - -
Female 5 - 2§" 21 1
24M Male 5 1§ - - -
Female 5 1§ 28" 11 11
30M Male 5 1§ - - -

* Each testing serum was harvested from individual mice.

1 Titer of antisalivary duct antibody is expressed as the highest serum
dilution giving FA-positive reaction.

$ Inflammatory lesions devided into four grades according to the method
of White and Casarett (6).

§ Grade 0 or Grade 1.

Il Grade 2.

1 Grade 3.

** Grade 4. See the text for details.
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immune diseases. A significantly higher incidence in
females has been reported in spontaneous thyroiditis
in the rat.?* The Grade 4 inflammatory lesion, indicat-
ing extensive infiltration of mononuclear cells and de-
struction of parenchymal tissues, was seen in 3 of 15
and 1 of 14 female mice examined at 24 and 30
months of age. None of the 3- and 6-month-old mice
of both sexes and none of the aging male mice had
an inflammatory lesion of more than Grade 3 in the
submandibular salivary gland. Mild inflammatory le-
sions could be observed in some organs, such as the
parotid and sublingual salivary gland, pancreas, and
kidney. Inflammatory lesions could not be observed
in any of the mice of any different age in organs such
as the thyroid, ovary, testis, adrenal, and stomach.

Figure 4—Antisalivary duct antibody detected in the serum from a 24-
month-old female BDF1 mouse. The dilution of testing serum used was
80-fold.
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The infiltrating mononuclear cells in the spontane-
ously occurring sialadenitis in aging BDF1 mice con-
sisted mainly of small and medium-sized lympho-
cytes (Figure 1). Most of the lymphocytes present in
the lesions showed a positive reaction with mono-
clonal antibody (MAb) to Thy1.2, Lyt 1,and L3T4 in
all of the examined specimens, whereas a small num-
ber of lymphocytes sporadically reacted with MADb to
Lyt 2 in the inflammatory lesions (Figure 2). In this
case, Thyl.2*, Lyt 1*, and L3T4" cells in the lesions
were estimated to be approximately 80, 70, and 70%,
respectively, and Lyt 2* cells less than 10%. The com-
position of lymphocyte subsets in the lesions is com-
parable to that reported in the salivary glands of pa-
tients with Sjogren’s syndrome.?* It can be considered
that Lyt 1" and L3T4" subsets play a major role in the
production of spontaneously occurring sialadenitis
associated with aging process. Sakaguchi et al*
showed that autoimmune diseases such as oophoritis
and thyroiditis could be adoptively transferred to syn-
geneic mice or nude mice by Lyt 1* cells only. In addi-
tion, Sakaguchi et al?>’ described that the cells respon-
sible for disease induction are believed to be Thy 1%,
Lyt 17, and Lyt 27. They concluded that T cells are
required as effector cells, and that these may develop
from Lyt 17, Lyt 2™ cells, although the lymphocytes
that infiltrated the inflammatory lesions were not ex-
amined. Jabs et al reported that the majority of infil-
trating lymphocytes in both the lacrimal gland in-
flammatory lesions and renal vasculitis of MRL/lpr
mice expressed L3T4.22 However, it appears likely
that a Lyt 2* subset directly destroying parenchymal
tissues was observed in allergic sialadenitis induced by
various immunizations, as reported previously.'

This suggests that the pathogenic mechanisms of
the allergic lesions induced in the submandibular sali-
vary glands may be different from spontaneously oc-
curring sialadenitis associated with aging process.

Moreover, immunoglobulin (Ig)-bearing cells were
demonstrated in the specimens with inflammatory le-
sions in the submandibular salivary glands. The IgG-
bearing cells were located in the periphery of the in-
flammatory lesions (Figure 3), although only a few
IgM- or IgA-bearing cells could be observed. In addi-
tion, there were no deposits of immunoglobulin in
any parenchymal portion of the submandibular sali-
vary glands affected.

As shown in Table 2 and Figure 4, antisalivary duct
antibody of IgG type was more frequently detected in
aging female rather than male BDF1 mice. Moreover,
a good correlation was noticed between the presence
of antisalivary duct antibodies and the severity of the
lesions in individual mice. Eleven of 17 (65%) mice
with positive sera had sialadenitis with Grade 2 or
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more. Although the inflammatory lesions in the sub-
mandibular salivary glands appeared in 6-month-old
female mice, this antisalivary duct antibody was first
detected in sera from 12-month-old mice. This may
indicate that the cellular immune responsiveness is
more essential for the development of spontaneously
occurring autoimmune sialadenitis in aging BDF1
mice. When the sera containing antisalivary duct anti-
body were absorbed by a homogenate of submandibu-
lar salivary gland, this antibody activity was com-
pletely eliminated, whereas the sera activity was not
affected by absorption with the homogenate of the
other organs, such as the liver, kidney, and adrenals.
Although tissues such as the thyroid, brain, and kid-
ney showed an FA-negative reaction with antisalivary
duct antibody, the parotid gland or pancreas stained
weakly with sera from mice with the mild inflamma-
tory lesions.

The inflammatory lesions that developed in the
submandibular salivary gland of aging BDF1 mice
can be considered to be autoimmune sialadenitis but
were not caused by nonspecific infection in the sali-
vary gland. This is derived from the presence of anti-
salivary duct antibody in aging BDF1 mice with sia-
ladenitis. Keyes et al'' described an age-related de-
cline in responsiveness to various mitogens such as
PHA, Con A, and lipopolysaccharide in NZB/NZW
mice that was associated with an increase in the onset
of the lesion resembling Sjogren’s syndrome in hu-
mans and the progression of lymphoid cell infiltration
into the salivary glands. Also, it is well known that
there is an age-related increase in the incidence of se-
rum autoantibodies in humans and rodents associ-
ated with age-related decline in various normal im-
mune functions.?®*° In addition, it was shown that the
percentage of Lyt 2* cells in the spleen decreased with
advancing age, whereas that of L3T4" cells was rela-
tively constant throughout the lifespan in mice.?!
These findings indicate that some sort of autoimmune
mechanism associated with the aging process func-
tions for the formation of the inflammatory lesions in
the submandibular salivary glands.

To our best of knowledge, spontaneously occurring
sialadenitis in nonautoimmune prone mice has not
yet been reported except in this strain of aging mice.
This may become an useful animal model in search-
ing for the pathogenesis and/or genetics of human sus-
ceptibility to Sjogren’s syndrome.
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