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This article reports that sialadenitis developed in female
CRJ:CD-1 mice thymectomized 3 days after birth and
later immunized with a homogenate ofthe submandibu-
lar salivary gland emulsified with complete Freund's ad-
juvant. Significant inflammatory changes did not develop
in various control groups, including animals thymec-
tomized at Day 3 but not immunized and animals not
thymectomized on the day ofbirth but immunized. Be-
cause a more marked decrease ofLyt 2+ cells was found
in mice thymectomized on Day 3 after birth than in neo-

SEVERAL experimental animal models in guinea pig,
rat, rabbit, and mouse, which resemble Sjogren's syn-

drome and other chronic sialadenitis in man have been
reported and studied for histopathologic and immuno-
logic features. 1-13 Accumulated evidence strongly sug-

gests that these diseases in man are a consequence of
dysfunction of some loops of the immune systems
within the host.14-"8 Therefore, these animal models pro-

vide systems suitable for study of the pathogenesis of
certain autoimmune diseases affecting the salivary
glands. However, repeated attempts to produce destruc-
tive and long-lasting lesions of the salivary glands have
met with little success. In addition, the significance of
the pathogenetic role of the immune system, including
cell-mediated and humoral immunity, in the induction
of experimental sialadenitis is not yet understood, al-
though some investigators have stressed the importance
of humoral immunity in the pathogenesis of experimen-
tal sialadenitis.6,7

While it is well known that neonatal thymectomy can

induce severe impairment of cell-mediated immu-
nity,19.20 neonatal thymectomy of certain mouse strains
that are susceptible to autoallergic disease was reported
to cause acceleration of the development of the dis-
ease.2" Moreover, even in some mouse strains that are

genetically not susceptible to autoallergic disease, it was
reported that neonatal thymectomy induced disorders
resembling autoimmune diseases in man in the thyroid,
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natally thymectomized mice, thymectomy at 3 days of
age is more effective for the induction of sialadenitis,
presumably by markedly decreasing a population ofsup-
pressor T cells. The lesions observed in mice with sialade-
nitis were mostly composed of small and medium-sized
lymphocytes stained by anti-Thy 1.2 and Lyt 2 antibod-
ies and in later stages by immunoglobulin-containing celis
in the periphery of inflammatory lesions. (Am J Pathol
1985, 118:476-483)

ovary, testis, and kidney.22-" A possible mechanism for
an increase in the occurrence of allergic disorders in neo-
natally thymectomized animals is deficiency in T-cell-
mediated immunity.

In this communication, we report an induction of
allergic sialadenitis in mice by perinatal thymectomy
followed by sensitization with a submandibular-gland
homogenate emulsified with complete Freund's
adjuvant, and we discuss herein the possible immune
mechanism.

Materials and Methods

Animals

Female CRJ:CD-1 mice were purchased from a closed
colony of Charles River Japan, Inc. (Atsugi, Japan) and
used in the present study. The animals were acclima-
tized to a daily cycle of alternating 12-hour periods of
light and darkness in an air-conditioned room at 24 ±
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1.1 C throughout the experimental period. They were
given food and water ad libitum.

Experimental Design

Thymectomy was performed on Day 0 or Day 3 af-
ter birth. A homogenate emulsion of the submandibu-
lar salivary gland from female CRJ:CD-1 mice 8-10
weeks of age was prepared by chopping and homogeniz-
ing the tissue in an equal volume (wt/vol) of phosphate-
buffered saline (PBS, pH 7.2) and then emulsifying the
homogenate with an equal volume (vol/vol) of com-
plete Freund's adjuvant (CFA) (Difco Laboratories,
Detroit, Mich). This emulsion was injected subcutane-
ously into the four footpads of mice.
A total of 180 mice used for the present study were

divided into five groups as follows. Group I consisted
of 65 mice that were thymectomized 3 days after birth.
At 28 and 42 days of age, these animals were sensitized
with a homogenate of the submandibular salivary gland
in CFA. They were sacrificed by cervical dislocation se-
quentially during various time intervals ranging from
1 to 16 weeks after the last sensitization. Group II con-
sisted of 52 nonthymectomized mice that were sensi-
tized with a homogenate of the submandibular salivary
gland in CFA at 28 and 42 days of age. Thereafter, these
animals were processed in the same manner as described
for Group I. Group III consisted of 15 mice that were
thymectomized 3 days after birth. PBS alone was in-
jected subcutaneously into the footpads of these
animals at 28 and 42 days of age. Then they were
sacrificed 1, 3, and 5 weeks after the last injection of
PBS. For Group IV, PBS emulsified with CFA was in-
jected into the footpads of 15 nonthymectomized mice
at 28 and 42 days of age. These animals were sacrificed
1, 3, and 5 weeks after the last injection. Group V con-
sisted of 33 mice thymectomized immediately after
birth. These animals were sensitized with a homoge-
nate of the submandibular salivary gland in CFA at 28
and 42 days of age and were sacrificed 1, 3, 5, and 16
weeks after the last sensitization.

All organs were removed from the sacrificed mice,
fixed with 4'7o phosphate-buffered formaldehyde (pH
7.2) and prepared for histologic examination. The sec-
tions were stained with hematoxylin and eosin (H&E),
by the periodic acid-Schiff method or with elastic-van
Gieson stain. Grading of the inflammatory lesions of
submandibular salivary glands were classified accord-
ing to the method proposed by White and Casarett.ll
Namely, longitudinal sections of all glands were exam-
ined under x 150 magnification and scored for degree
of the infiltration of mononuclear cells, including lym-
phocytes, plasma cells, and macrophages, as follows:

1 indicates that I to 5 foci being composed of more than
20 mononuclear cells per focus were seen, 2 indicates
that more than 5 such foci were seen but without
significant parenchymal destruction, 3 indicates that
multiple confluent foci were seen in moderate degener-
ation of parenchymal tissue, and 4 indicates extensive
infiltration of the glands with mononuclear cells and
extensive parenchymal destruction.

Fluorescent Antibody (FA) Staining Technique

Frozen sections approximately 4 . in thickness were
prepared from the submandibular salivary glands and
stained by an indirect immunofluorescent antibody
technique. Immediately before staining, the sections
were rinsed in cold PBS and fixed in 950/o ethanol at
4 C for 5 minutes and then dried. The fixed prepara-
tions were incubated at 37 C for 1 hour with each of
rat monoclonal antibodies to Thy 1.2, Lyt 1, and Lyt
2 (Becton-Dickinson, Inc., Sunnyvale, Calif). They were
then washed with cold PBS for 30 minutes by mechan-
ical shaking and stained with fluorescein-conjugated
anti-rat IgG rabbit globulin (Miles Laboratories, Elk-
hart, Ind) at 37 C for 1 hour. After being washed, they
were mounted with buffered glycerol (pH 9.5) and ex-
amined under a Nikon fluorescence microscope (Nikon
Co., Tokyo, Japan). Controls were carried out with rat
whole serum (Cappel Laboratories, Cochranville, Pa).

Indirect Peroxidase-Labeled Antibody Method

The paraffin-embedded specimens were cut into serial
sections approximately 4 . in thickness. The paraffin
sections were deparaffinized with xylene and rehydrated
step by step with descending concentrations of etha-
nol. These preparations were washed three times with
PBS and incubated in PBS containing 0.25 Go trypsin
at 37 C for 1 hour. After being washed three times with
PBS, they were incubated with an appropriate dilution
of rabbit serum to each of mouse IgG, IgA, or IgM
(Miles Laboratories) for 30 minutes at room tempera-
ture and then by a rinse with PBS for 30 minutes. There-
after, anti-rabbit IgG labeled with horseradish peroxi-
dase (Miles Laboratories) was applied in a dilution of
1:40 in PBS for 30 minutes at room temperature. After
being washed three times with PBS, the peroxidase was
localized by treatment of the samples with a fresh mix-
ture of 0.05%o 3,3-diaminobenzidine and 0.005%o H202
in Tris-HCl buffer (0.05 M, pH 7.6) for 5 minutes and
after being washed with water, these samples were coun-
terstained with iWo methyl green for 1 hour. In the ex-
periments, anti-mouse IgG, IgA, and IgM sera were
used at a dilution of 1:20.
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Detection of Antisalivary Duct Antibody

Sera were harvested from mice sensitized with a ho-
mogenate of the submandibular salivary gland and ex-

amined by the FA staining technique for the presence
of antisalivary duct antibody.

Frozen sections 4 p in thickness of submandibular
salivary gland from the untreated female CRJ:CD-1
mice were prepared and reacted with a testing serum

and fluorescein-conjugated rabbit antiserum to mouse
IgG (Miles Laboratories) in the same manner as de-
scribed for the FA staining technique. The titer of an-

tisalivary duct antibody was expressed as the highest
dilution of testing serum giving positive staining on the
frozen sections. To confirm the specificity of the FA
reaction, absorption tests were carried out as follows.
The submandibular salivary gland, liver, kidney, and
adrenal were harvested from the untreated mice and
chopped with scissors. Then they were homogenized

gently in an equal volume (wt/vol) of cold PBS and
centrifuged at 2000 g for 30 minutes. The resulting
pellets were suspended in an appropriate volume
(vol/vol) of 20-fold dilution of a testing serum and
stood for 1 hour at 37 C. Thereafter, this mixture was

centrifuged at 5000 g for 20 minutes, and the superna-
tant was used as a testing sample for FA staining. In
addition, tissue sections from pancreas, thyroid, and
kidney of the treated mice were examined by the FA
staining technique for immunoreactivity of antisalivary
duct antibody.

Analysis of Surface Markers on Spleen Cells

The surface markers defined by monoclonal antibod-
ies to Thy 1.2, Lyt 1, and Lyt 2 on the spleen-cell sub-
population
assay.

were analyzed by immunofluorescence

Table 1-Degree of Inflammatory Infiltrate in Allergic Sialadenitis in Mice

Number of mice with lesion

Weeks after Number (Grades 0-4)* Mean grade of
last immunization of mice 0 1 2 3 4 lesion + SD % Incidencet
Group

1 5 3 1 0 0 1 1.0 1.5 20.0
2 12 2 5 3 2 0 1.4 1.1t 41.7
3 10 1 3 3 2 1 1.9 1.1 60.0
4 10 2 2 3 2 1 1.8 ±1.0 60.0
5 11 2 4 3 1 1 1.6 ±1.2 45.5
8 7 1 0 3 3 0 2.1 1.0 85.7
16 10 2 0 2 3 3 2.5 1.4t 80.0

Group II
1 5 4 1 0 0 0 0.2 t 0.4
2 12 8 4 0 0 0 0.3 0.5
3 10 7 3 0 0 0 0.3 0.5
4 10 7 3 0 0 0 0.3 0.5
5 5 4 1 0 0 0 0.2 0.4
8 5 4 1 0 0 0 0.2 0.4
16 5 4 1 0 0 0 0.2 0.4

Group IlIl
1 5 4 1 0 0 0 0.2 0.4
3 5 5 0 0 0 0 0
5 5 5 0 0 0 0 0

Group IV
1 5 5 0 0 0 0 0
3 5 5 0 0 0 0 0
5 5 5 0 0 0 0 0

Group V
1 7 5 2 0 0 0 0.3 ± 0.5
3 10 7 3 0 0 0 0.3 ± 0.5
5 10 8 2 0 0 0 0.2 ± 0.4
16 6 3 3 0 0 0 0.5 + 0.5

* Inflammatory lesions were divided into four grades according to the method of White and Casarett."
t Percent incidence indicates the proportion of numbers of mice with inflammatory lesions of more than Grade 2 versus the total number of mice examined.
t The difference between the values indicated was statistically significant (P < 0.05) (Mann-Whitney U test).
Experimental groups were divided into five groups as follows: Group I: thymectomized at Day 3 after birth and later immunized with a homogenate

of submandibular salivary gland in CFA; Group II: not thymectomized but immunized; Group IlIl: thymectomized at Day 3 after birth but not immunized;
Group IV: neither thymectomized nor immunized, but given CFA; Group V: thymectomized at Day 0 after birth and later immunized. See the text for
the details of the immunization schedule.
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Spleen-cell suspensions from mice were prepared in
RPMI-1640 according to the method of Schooley.28
Briefly, spleens were given injected RPMI-1640, teased
gently with a forceps and a needle, and dispersed by
repeated flushing with a 5-ml syringe through a 22-
gauge needle. The dispersed cells were washed once with
RPMI-1640 and then resuspended to an appropriate
concentration. 5 x 106 cells in 0.1 ml were mixed with
0.1 ml of each of rat monoclonal antibodies to Thy 1.2,
Lyt 1, and Lyt 2 (Becton-Dickinson), and incubated at
room temperature for 30 minutes. The cells were then
centrifuged and washed three times with Tris-PBS (pH
7.4), resuspended in 0.1 ml of the fluorescein-labeled
goat anti-rat IgG (Miles Laboratories), and incubated
at room temperature for 15 minutes. The cells were
washed three times with the same buffer, resuspended
in a drop of 7% bovine serum albumin (Sigma Chemi-
cal Co., Saint Louis, Mo) in Tris-PBS and smeared onto
glass slides. The smears were air-dried, fixed for 5
minutes in 95% ethanol, mounted with glass cover-
slips in a drop of buffered glycerine (pH 9.5), and ex-
amined under a fluorescence microscope. For quanti-
tation of positive staining cells, more than 300 spleen
cells were counted for each sample.

Mitogenic Response

Mouse spleen cells (5 x 105) were incubated with an
optimal concentration of either phytohemagglutinin
(PHA, 1 1ig/ml, Wellcome Reagents, Greenville, NC),
concanavalin A (Con A, 1 ig/ml, Sigma Chemical Co.,
St. Louis, Mo) or E. coli lipopolysaccharide (LPS; 1
Mg/ml, Difco Laboratories, Detroit, Mich) in 200 Ml of
RPMI supplemented with 10%7o fetal calf serum for 76
hours in a humidified atmosphere of 5% CO2 in air.
Thereafter, 1 ,Ci of [3HJ-thymidine (specific activity,
20 Ci/mmol; Radiochemical Center, Amersham, En-
gland) was added to each well for 6 hours, the cells were
harvested, and the incorporation of thymidine into
DNA was measured in triplicate wells with a liquid scin-
tillation counter.

Electron-Microscopic Observations

For transmission electron microscopy, the tissues were
fixed for 2 hours in 4% glutaraldehyde buffered with
0.1 M phosphate (pH 7.3) containing 0.005 M calcium
chloride and then dissected into small pieces of about
2 cu mm. After being washed in the phosphate buffer,
these materials were postfixed with 2% osmium tetrox-
ide for 1 hour, dehydrated step by step with ethanol,
and embedded in Epon 812. One-micron sections were

stained with 1 toluidine blue and examined under a

Figure 1-Histologic appearance and electron micrograph of allergic si-
aladenitis in mice. A and B-Photomicrographs demonstrating a
severe destructive lesion (Grade 4) of the submandibular salivary gland
with extensive infiltration of mononuclear cells. Infiltrative mononuclear
cells consist of small and medium-sized lymphocytes. C-Electron
micrograph revealing damage sustained by acinar epithelial cells. (A, H&E,
x 70; B, H&E, x 200; C, x 3000.)

light microscope. After the appropriate fields were

selected, ultrathin sections were cut on a LKB ultrami-
crotome and stained with uranyl acetate and lead
hydroxide. The finished preparations were observed un-

der a Hitachi electron microscope, Model H-500.

A

B

C
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Table 2-Search for Anti-Salivary Duct Antibody in Sera From Mice of Each Experimental Group

Number of mice giving FA-positive reaction

Weeks after Numbee of (antibody titert)
sensitization testing sera* x5 x10 x 20 x 80 x 160

Group
2 4 0 0 0 0 0
4 6 1 0 0 0 0
8 5 2 1 1 0 0
16 5 0 2 1 1 1

Group II
8 5 0 0 0 0 0
16 5 0 0 0 0 0

Group IlIl
5 5 0 0 0 0 0

Group IV
5 5 0 0 0 0 0

Group V
16 5 0 0 0 0 0

* Each testing serum was harvested from individual mice.
t The titer of anti-salivary duct antibody is expressed as the highest serum dilution giving an FA-positive reaction.
Titers of anti-salivary duct antibody in all sera obtained from individual mice immediately prior to immunization were < x 5.

Results and Discussion

Although it has been reported that sialadenitis ap-
peared spontaneously in NZB /NZW and SL/Ni mice
with lesions resembling human autoimmune diseases
such as systemic lupus erythematosus and polyarteri-
tis nodosa,42932 studies establishing and characteriz-
ing mouse model systems similar to human chronic
sialadenitis with associated immunologic disorders are
very sparse. On the other hand, several investigators
have reported that only neonatal thymectomy in cer-
tain strains of mice causes inflammatory lesions simi-
lar to human autoimmune diseases in thyroid, ovary,
kidney, testis, and stomach.22-26 In addition, Takeda and
Ishikawa4 have recently reported that the inflammatory
lesion of the submandibular salivary gland in SL/Ni

Figure 2-Anti-salivary duct antibody detected in the serum from certain
Group I mice 16 weeks after the last immunization. The dilution of testing
serum used was 80-fold.

mice is markedly aggravated by immunization with a
homogenate of the submandibular salivary gland. Thus,
for the induction of inflammatory lesions in the sub-
mandibular salivary gland of female CRJ:CD-1 mice,
the mice were thymectomized and later immunized with
a homogenate of the submandibular salivary gland. Ta-
ble 1 summarized the degree of mononuclear cell
infiltration and parenchymal destruction in individual
mice of each experimental group. Allergic sialadenitis
was induced exclusively in Group I mice, which had
been thymectomized 3 days after birth and then sensi-
tized with a homogenate of the submandibular salivary
gland in CFA. Generally, inflammatory lesions could
not be observed in any of the mice of any group in or-
gans such as pancreas, thyroid, kidney, and spleen but
were seen only in the submandibular and parotid sali-
vary glands. However, the number of inflammatory le-
sions of the parotid gland was markedly decreased, as
compared with the submandibular salivary gland; and
16 weeks after the last immunization, an inflammatory
lesion of Grade 1 was observed only in 6 mice of Group
I. Also, in Group I mice inflammatory lesions devel-
oped in the submandibular salivary gland more rap-
idly than in other groups. It is interesting to note that
grading of the inflammatory lesion and the percentage
of incidence which is proposed as an inflammatory le-
sion of more than Grade 2 are increased only in Group
I mice according to time intervals after the last sensiti-
zation. In particular, an inflammatory lesion of Grade
4, indicating extensive infiltration of mononuclear cells
and destruction of parenchymal tissue, was seen in 3
of 10 mice examined (Figure 1). Moreover, as shown
in Table 2, anti-salivary duct antibody was detected only
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Table 3-Changes of Spleen Cell Subpopulation and Its Mitogenic Responsiveness in Mice Thymecomized at Different
Times After Birth

T-cell subpopulations (/) Mitogenic response (cpm)*Thymectomized at
(n = 5) Thy 1.2 Lyt 1 Lyt 2 Lyt 1/Lyt 2 PHA Con A LPS

Day 0 after birth 11.3 ± 0.98 19.7 + 2.7 6.3 + 0.9 5.4 ± 2.2 3206 ± 354c 3618 + 787d 7536 ± 1610

Day 3 after bith 18.0 + 0.8" 26.6 + 1.5 5.4 + 1.3' 6.6 ± 2.2 1314 ± 3819 2103 ± 516h 8766 ± 1400

Control 32.8 ± 1.7' 34.0 ± 3.4' 7.3 ± o.9k 4.8 ± 0.5 23630 ± 2547' 40199 ± 1835m 7759 ± 774
(nonthymectomized)

* See text for details.
Statistical differences: a < i, P < 0.01; e < i, P < 0.01; b < j, P < 0.01; f < k, P < 0.05; c < I, P< 0.01; g < I, P< 0.01; d < m, P < 0.01; h < m, P < 0.01.
For examination of the effect of thymectomy on female CRJ: CD-1 mice, each of 5 animals thymectomized at day 0 or day 3 after birth but not im-

munized was tested for the spleen cell subpopulation and its mitogenic responsiveness 6 weeks after birth.

in some Group I mice. Figure 2 shows a representative
result of FA-positive staining. When the sera contain-
ing anti-salivary duct antibody were absorbed by a ho-
mogenate of submandibular salivary gland from the
untreated mice, this antibody activity was completely
eliminated; whereas the sera were not affected by the
homogenates of the other organs such as liver, kidney,
and adrenal. In addition, tissues such as pancreas, thy-
roid, and kidney showed FA-negative reaction with anti-
salivary duct antibody. On the other hand, Group V
mice which had been neonatally thymectomized and
then sensitized with a homogenate of submandibular
salivary gland in CFA neither developed inflammatory
lesions of more than Grade 2 nor raised anti-salivary
gland duct antibody.

Thus, we examined the effect on the host immune
function of thymectomy, which was performed at vari-
ous time intervals after birth. As shown in Table 3, more
significant decreases were found in the percent popula-
tions of Thy 1.2+ cells (P < 0.01) and Lyt 1+ cells (P <
0.01) in spleen cells of neonatally thymectomized mice
and in those of Thy 1.2+ cells (P< 0.01) and Lyt 2+ cells
(P< 0.05) in mice thymectomized 3 days after birth than
in those of nonthymectomized mice. In particular, a
more marked decrease of Lyt 2+ cells was found in mice
thymectomized 3 days after birth than neonatally
thymectomized mice. This may indicate that thymec-
tomy at 3 days after birth is effective for an induction
of allergic sialadenitis, presumably by markedly de-
creasing a population of suppressor T cells. In addi-
tion, PHA or ConA responsiveness of spleen cells from
mice thymectomized 3 days after birth was markedly
decreased as compared with that of neonatally thymec-
tomized mice. Leventhal et all4 already reported that
a decrease in cell-mediated immunity as assessed by
mitogenic response of peripheral blood to phytohemag-
glutinin and skin testing to dinitrochlorobenzene was
observed in the patients with Sjogren's syndrome. Also,
Keyes et a133 described in NZB/NZW mice an age-
related decline in responsiveness of spleen cells to vari-

ous mitogens such as PHA, Con A, and lipopolysac-
charide associated with an increase in the onset of a
disease resembling Sjogren's syndrome in man and the
progression of lymphoid cell infiltration into lacrimal
and salivary glands.
The mononuclear cells that infiltrated chronic

sialadenitis induced by immunization with a homoge-
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Figure 3-Analysis of surface markers of infiltrative lymphocytes in allergic
sialadenitis. Subpopulations of infiltrative lymphocytes in lesions were
analyzed by the indirect immunofluorescent staining technique with the
use of monoclonal antibodies. Thy 1.2 + (A) and Lyt 2 + (B) lymphocytes
were observed in the inflammatory focus.
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B
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Table 4-Analysis of Subpopulations of Ig-Bearing Cells
in Inflammatory Lesions

1g class Percentage Count/focus

IgG 53.7 ± 8.9 24 ± 7

IgA 27.0 ± 7.9 13 ± 8

IgM 15.2 4.9 7 ± 4

Infiltrative mononuclear cells forming an inflammatory focus were exa-
mined by the indirect peroxidase-labeled antibody method for cells carry-
ing each class of 1g. "Percentage" means the proportion of the numbers
of cells carrying each class of 1g versus absolute counts of Ig-bearing cells
per focus.

nate of the submandibular salivary gland consisted
mainly of small and medium-sized lymphocytes, al-
though a small number of plasmacytoid cells appeared
in the inflammatory lesions observed at 8 and 16 weeks
after the last sensitization. These mononuclear cells
present in the lesions showed a positive reaction with
anti-Thy 1.2 and anti-Lyt 2 antisera in all of the exam-
ined specimens (Figure 3). Moreover, Ig-bearing cells
were demonstrated only in the specimens obtained at
8 and 16 weeks after the last sensitization (Table 4). IgG-
positive cells were especially predominant in the lesions,
although there was no deposit of Ig in any parenchy-
mal portion of the submandibular salivary gland
affected. These Ig-bearing cells were located in the pe-
riphery of the inflammatory lesions (Figure 4). The
above findings suggest that in addition to the tissue
damage through Lyt 2-positive lymphocytes defined as
cytotoxic/suppressor cells by anti-Lyt 2 antiserum, the
mechanism of antibody-dependent cell-mediated cyto-

toxicity can also play a major role in the formation of
the inflammatory lesion. Also, Paget et a134 reported
that in experimental autoimmune thyroiditis in guinea
pigs, T-lymphocytes were the predominant infiltrating
lymphocytes and B-lymphocytes constituted most of
the remainder. In addition, they showed that the
infiltrates of animals with thyroiditis contained cells
capable of mediating antibody-dependent lymphoid
cell-mediated cytotoxicity. Further investigation of the
role and significance of inflammatory-cell infiltration
in the formation of experimental allergic sialadenitis
in mice are now in progress in our laboratories.

References

1. Chan WC: Experimental sialadenitis in guinea pigs. J
Pathol Bacteriol 1964, 88:592-595

2. Whaley K, Macsween RNM: Experimental induction of
immune sialadenitis in guinea-pig using different adju-
vants. Clin Exp Immunol 1974, 17:681-684

3. Beutner EH, Djanian AY, Geckler RC, Witebsky E: Sero-
logic studies of rabbit antibodies to rabbit submaxillary
glands. Proc Soc Exp Biol Med 1961, 107:486-491

4. Takeda Y, Ishikawa G: Experimental alloallergic sia-
ladenitis in mice. Histopathological and ultrastructural
studies. Virchows Arch [Pathol Anat] 1983, 400:143-154

5. Dishon T, Sela J, Ulmansky M, Rosenmann E, Boss JH:
Experimental allergic sialadenitis: III. Acute parotitis in-
duced by instillation of antiserum to a rat plasma into
the glandular ducts of rats. Experimentia 1972, 28:
1360-1361

6. Dishon T, Sela J, Ulmansky M, Rosenmann E, Boss JH:
Experimental allergic sialadenitis: VI. Prevention by an-
tihistamine and induction by intraductal instillation of
performed immune complexes. Virchow Arch [Pathol
Anat] 1973, 359:283-288

A *lj.

a 9 *~d.Ab

* A~~~~~~~~~~~~~~~~T

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~Figure 4-Detection of lgG-bearing
~~~~~~clear cells in allergic sialadenitis by

~~~~~ ~~~~~~~ ~~~the indirect peroxidase-labeled anti-
a * ~~~~~~ p4' ~~~~~~~ 7~~~~ ~body method. lgG-bearing plasma

~~~~~~~~~during the course of formation of

~~~ ~~~~~,*~~ ~ ~ ~ ~ ~ ~ ~ 4W~~~~~~~allergic sialadenitis in the periphery
t.-~~~~~~~~~~~~~~~~ ~~of the inflammatory lesions.

4.~~~~~~~~~~~~~~~-

-k.d.~~~~~~~~~~~~~~~~~~~~J



Vol. 118 * No. 3 ALLERGIC SIALADENMIIS IN MICE 483

7. Ulmansky M, Dishon T, Rosenmann E, Sela J, Boll JH:
Experimental allergic sialadenitis: IV. Studies on the
etiopathogenetic mechanisms of the acute and chronic
inflammatory process. Isr J Med Sci 1972, 8:1791-1797

8. Sela J, Dishon T, Rosenmann E, Ulmansky M, Boss JH:
Experimental allergic sialadenitis: V. Comparison of the
response of the parotid gland and synovial membrane
to multiple antigenic challenges. J Oral Pathol 1973,
2:7-15

9. Sela J, Bab JA, Dishon T, Rosenmann E, Boss JH: Ex-
perimental allergic sialadenitis: VII. Reactivity of the
parotid gland to antigenic challenges in passively im-
munized rat. J Oral Pathol 1975, 4:11-18

10. Rosenmann E, Sela J, Ulmansky M, Dishon T, Boss JH:
Experimental allergic sialadenitis: II. Induction of acute
sialadenitis in rats by locally administered basement mem-
brane antibodies. Oral Surg 1974, 35:566-575

11. White SC, Casarett GW: Induction of experimental au-
toallergic sialadenitis. J Immunol 1974, 112:178-185

12. Boss JH, Rosenmann E, Sela J: Experimental allergic
sialadenitis. X. Chronic destructive parotitis induced in
immunized rats by daily intraductal challenges with an-
tigens. J Oral Pathol 1977, 6:96-105

13. Sharawy M, White SC: Morphometric and fine structural
study of experimental autoallergic sialadenitis of rat sub-
mandibular glands. Virchow Arch [Cell Pathol] 1978,
28:255-273

14. Levental BJ, Waldorf DS, Talal N: Impaired lymphocyte
transformation and delayed hypersensitivity in Sjogren's
syndrome. J Clin Invest 1967, 46:1338-1345

15. Yoshinoya S, Mcduffy S, Alarcon-Segovia D, Pope RM:
Detection and partial characterization of immune com-
plexes in patients with rheumatoid arthritis plus Sjogren's
syndrome and with Sjogren's syndrome alone. Clin Exp
Immunol 1982, 48:339-347

16. Zinneman HH, Caperton E: Cryoglobulinemia in a pa-
tient with Sjogren's syndrome, and factors of cryoprecipi-
tation. J Lab Clin Med 1977, 89:483-487

17. Lawley TJ, Mountsopoulos HM, Katz SI, Theofilopoulos
AN, Choused TM, Frank MM: Demonstration of cir-
culating immune complexes in Sjogren's syndrome. J Im-
munol 1979, 123:1382-1387

18. Mountsopoulos HM, Fauci AS: Immunoregulation in
Sjogren's syndrome. J Clin Invest 1980, 65:519-528

19. Miller JFAP: Immunological function of the thymus.
Lancet 1961, 30:748-749

20. Rieke WO: Lymphocytes from thymectomized rats: Im-
munological proliferative and metabolic properties.
Science 1966, 152:535

21. Hayer BJ: The thymus and autoimmune disease. Lancet
1963, 2:1026

22. Kojima A, Tanaka-Kojima A, Sakakura T, Nishizuka Y:

Spontaneous development of autoimmune thyroiditis in
neonatally thymectomized mice. Lab Invest 1976, 34:
550-557

23. Welch P, Rose NR, Kite JH: Neonatal thymectomy in-
crease spontaneous thyroiditis. J Immunol 1973, 110:
575-577

24. Nishizuka Y, Sakakura T: Ovarian dysgenesis induced
by neonatal thymectomy in the mouse. Endocrinol 1971,
89:866-893

25. Taguchi 0, Nishizuka Y, Sakakura T, Kojima A: Autoim-
mune oophoritis in thymecomized mice; detection of cir-
culating antibodies against oocytes. Clin Exp Immunol
1980, 40:540-553

26. Taguchi 0, Nishizuka Y: Experimental autoimmune or-
chitis after neonatal thymectomy in the mice. Clin Exp
Immunol 1981, 46:425-434

27. Yunis EJ, Teague PO, Stutman 0, Good RA: Post-
thymectomy autoimmune phenomena in mice: II. Mor-
phological observations. Lab Invest 1969, 20:46-61

28. Schooley JC: The effect of erythropoietin on the growth
and development of spleen colony-forming cells. J Cell
Physiol 1966, 68:249-262

29. Kessler HS: A laboratory model for Sjogren's syndrome.
Am J Pathol 1968, 52:671-685

30. Kyogoku M: Pathogenesis of vasculitis in the SL/Ni
mouse, systemic lupus erythematosus. Edited by Japan
Medical Research Foundation. Tokyo, University of
Tokyo Press, 1980, pp 281-294

31. Greenspan JS, Gutman GA, Weissman IL, Talal N:
Thymus-antigen and immunoglobulin-positive lympho-
cytes in tissue infiltrates of NZB/NZW mice. Clin Im-
munol Immunopathol 1974, 3:16-31

32. Carlosoo B, Ostberg Y: Ultrastructural observation on
the parotitis autoimmunica in the NZB/NZW hybrid
mice. Acta Otolaryngol 1978, 85:298-306

33. Keyes GG, Vicker RA, Kersey JH: Immunopathology of
Sjogren-like disease in NZB/NZW mice. J Oral Pathol
1977, 6:288-295

34. Paget SA, MacMaster PRB, Boxel JA: Experimental au-
toimmune thyroiditis in the guinea pig: Characterization
of infiltrating lymphocyte population. J Immunol 1976,
117:2267-2269

Acknowledgments
The authors wish to thank Ms. Eiko Morizumi for skillful

technical assistance and Mrs. Nanayo Furumoto for secretarial
assistance. The authors thank Mrs. Sally Yagi for help in the
preparation of this manuscript.


