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Possible Function of Salivary Gland Epithelial Cells as
Nonprofessional Antigen-Presenting Cells in the
Development of Sjögren's Syndrome 
SHIZUKA TSUNAWAKI, SEIJI NAKAMURA, YUKIKO OHYAMA, MASANORI SASAKI, AKIKO IKEBE-HIROKI,
AKIMITSU HIRAKI, TSUTOMU KADENA, EIJI KAWAMURA, WATARU KUMAMARU, MASANORI SHINOHARA,
and KANEMITSU SHIRASUNA

ABSTRACT. Objective. To explore the potential of salivary gland epithelial cells to act as nonprofessional anti-
gen-presenting cells (APC) in the development of Sjögren's syndrome (SS). 
Methods. Expression of HLA-DR antigens, costimulatory molecules, and adhesion molecules on
epithelial cells was immunohistochemically examined in labial salivary glands from patients with
SS. An association with the expression of T cell derived cytokine messenger RNA (mRNA) was
observed. The expression of these molecules was confirmed using cultured salivary gland epithelial
cells. The ability of the salivary gland epithelial cells as nonprofessional APC was examined in a
mixed culture system using the salivary gland epithelial cells and allogeneic lymphocytes. 
Results. Expression of HLA-DR antigens, CD80, intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule (VCAM), and E-selectin was immunohistochemically detected on
duct cells from all patients; however, the expression of CD86 was limited to only some patients.
Concomitant expression of CD80 on duct cells and Th1 cytokine mRNA, and CD86 on duct cells
and Th2 cytokine mRNA, was observed. Interferon-γ (IFN-γ) induced the cultured salivary gland
epithelial cells to express HLA class I antigens, HLA-DR antigens, CD80, and ICAM-1, while 
tumor necrosis factor-α (TNF-α) induced the expression of HLA class I antigens, CD80, CD86, and
VCAM. Cultured salivary gland epithelial cells treated with either IFN-γ or TNF-α also caused allo-
geneic lymphocytes to proliferate. 
Conclusion. The ability of salivary gland epithelial cells to express HLA-DR antigens, costimula-
tory molecules, and adhesion molecules and thus to act as nonprofessional APC was suggested.
CD80 and CD86 expression of these cells was also suggested to be involved in the activation of Th1
and Th2, respectively. (J Rheumatol 2002;29:1884-96) 
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Several lines of study have suggested that HLA-DR anti-
gens are aberrantly expressed on target cells and present
antigenic peptides to T cells, and thus play an important role

in the immunopathogenesis of autoimmune diseases1.
Recent studies have indicated that the ectopic expression of
HLA antigens on nonprofessional antigen-presenting cells
(APC) by itself is not enough to induce primary T cell
responses; a second signal via costimulatory molecules is
thus needed2. In brief, the CD28 pathway is regarded as an
essential costimulus of T cell activation3; the known natural
ligands for CD28 are CD80 and CD86, and the expression
of these ligands is usually limited to professional APC, such
as dendritic cells, macrophages, and activated B cells4,5.
These costimulatory signals have also been reported to play
a determining role in the development of the T cell subsets
Th1 and Th26,7. In addition, the involvement of adhesion
molecules, such as intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule (VCAM), and
E-selectin, in the activation of T cells, has been reported8-10.
In various autoimmune diseases1,11-15, aberrant expression of
these costimulatory and adhesion molecules on target cells
has also been reported, suggesting the possible function of
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these cells as nonprofessional APC in the activation of path-
ogenic T cells. In Sjögren's syndrome (SS), we16 and
others17-20 have reported that HLA-DR antigens, adhesion
molecules, and costimulatory molecules were aberrantly
expressed on salivary gland epithelial cells. Since SS has
been described as autoimmune epithelitis21, the aberrant
activation status of these cells may thus indicate that they
play a central role in the immunopathogenesis of SS. 

We investigated the potential of salivary gland epithelial
cells to function as nonprofessional APC in the activation of
pathogenic T cells in SS. We first immunohistochemically
examined the expression of HLA-DR antigens, costimula-
tory molecules, and adhesion molecules on epithelial cells in
labial salivary glands (LSG) from patients with SS. Then we
examined the relationship between the expression of costim-
ulatory molecules on epithelial cells and T cell derived
cytokines in the LSG. Expression of HLA antigens, costim-
ulatory molecules, and adhesion molecules was examined
using cultured salivary gland epithelial cells. Finally, the
capacity of salivary gland epithelial cells to function as non-
professional APC was examined using mixed cultures of
salivary gland epithelial cells and allogeneic lymphocytes. 

MATERIALS AND METHODS 
Patients. Forty patients with SS referred to the Department of Oral and
Maxillofacial Surgery, Kyushu University DentalHospital, were studied.
All patients were women between the ages of 18 and 78 years (mean age
57.5 yrs). All fulfilled the diagnostic criteria for definite SS proposed by the
Research Committee on Sjögren's Syndrome of the Ministry of Health and
Welfare of the Japanese Government22, and the diagnosis was also based on
the diagnostic criteria proposed by the European Community Study Group
on Diagnostic Criteria for Sjögren's Syndrome23. Each patient exhibited
objective evidence of salivary gland involvement based on the presence of
subjective xerostomia and a decreased salivary flow rate, abnormal find-
ings on parotid sialography, and focal lymphocytic infiltrates in the LSG.
The histologic findings in the LSG were graded based on the Chisholm and
Mason scale24. Twenty patients had primary SS with no other autoimmune
disease, while the remaining 20 patients had secondary SS with other
autoimmune diseases. As controls, LSG biopsy specimens were also
obtained from 5 patients with mucoceles who had no clinical or laboratory
evidence of systemic autoimmune disease. These LSG were all histologi-
cally normal. 
Cultures of salivary gland epithelial cells. Primary cultures of salivary
gland epithelial cells were established from the LSG, parotid glands, or
submandibular glands as described25. The parotid and submandibular
glands were obtained during total neck dissection from patients with squa-
mous cell carcinoma of the oral cavity who had neither radiotherapy nor
chemotherapy before the surgical treatment, and were all histologically
normal. Parenchymal tissue specimens of the salivary glands were minced
with scissors into 1 mm fragments and placed on a 60 mm plastic dish
(Becton Dickinson, Mountain View, CA, USA). The basal nutrient medium
was serum-free, and was a 1:9 mixture of Dulbecco's modified Eagle's
medium (Sigma, St. Louis, MO, USA) and MCDB 153 (Kyokuto, Tokyo,
Japan) (Ca++ concentration 0.227 mM). The complete medium was a basal
nutrient medium supplemented with 25 mM N-2-hydroxy-ethylpiperazine-
N'-2-ethanesulfolic acid (Wako Pure Chemical, Osaka, Japan), 2.0 g/l
NaHCO3 (pH 7.4), 1 µg/ml insulin (Sigma), 10 mM dexamethasone
(Sigma), and 10 ng/ml human epidermal growth factor (Genzyme,
Cambridge, MA, USA). The fragments were cultured at 37°C in a 5% CO2
atmosphere. After fragments were removed from the dish, only prolifer-

ating adhered cells were passaged using 0.5% trypsin in phosphate buffered
saline (PBS) containing 5.2 nM EDTA. To stimulate salivary gland epithe-
lial cells with interferon-γ (IFN-γ) or tumor necrosis factor-α (TNF-α), the
cultured cells were incubated in the presence of 50 to 5000 U/ml of recom-
binant IFN-γ (supplied by Shionogi Co., Osaka, Japan) or 1 to 100 ng/ml of
recombinant TNF-α (supplied by Dainippon Pharmaceutical Co., Tokyo,
Japan) at 37°C for 6 to 72 h in the same way. 
Immunohistochemical and immunocytochemical analyses. Staining was
performed by the conventional avidin-biotin complex method16,26,27. For
immunohistochemical studies, the LSG were immediately placed in an
embedding medium (OCT compound; Miles, Elkhart, IN, USA) and
frozen, and thereafter the frozen sections were prepared. Quantification of
stained lymphocytes was performed by counting the positive cells along
with the total number of mononuclear cells in 4 mm2 sections from 3
different areas. To count the total number of mononuclear cells, serial
sections stained with hematoxylin and eosin were used. The percentage of
stained cells was then calculated as the number of stained
lymphocytes/total number of mononuclear cells. The expression of HLA-
DR antigens, CD80, CD86, ICAM-1, VCAM-1, and E-selectin on the sali-
vary gland epithelial cells was quantified by counting the percentage of
positive cells per duct in 3 different 4 mm2 areas. A cell was considered to
be positive when it stained more intensely than those stained with isotype
matched monoclonal antibodies (Mab). 

They were scored as follows: – = none, ± = less than 10%, + = 10–50%,
and ++ = more than 50%. Serial sections stained with the anti-cytokeratin
antibodies KL-1 and K8.12 were also examined in order to differentiate
duct cells from endothelial cells, since cytokeratins are expressed on duct
cells not on endothelial cells. Immunocytochemical studies of cultured cells
were carried out on glass coverslides. The cells were considered positive
when they stained more intensely than those stained with the isotype
matched Mab. The Mab used were T3-II (anti-CD3, IgG1; supplied by Dr.
S.M. Fu, University of Virginia, USA), B1 (anti-CD20, IgG1; Dr. S.M. Fu),
L293 (anti-CD28, IgG1; Becton Dickinson), B9.12.1 (anti-HLA class I
antigens, IgG2a; Cosmo Bio, Tokyo, Japan), OKDR (anti-HLA-DR anti-
gens, IgG1; Becton Dickinson), G46-6 (anti-HLA-DR antigens, IgG2a;
Becton Dickinson), BB1 (anti-CD80, IgM; Ancell, Bayport, MN, USA),
L307.4 (anti-CD80, IgG1; Becton Dickinson), BU63 (anti-CD86, IgG1;
Ancell), IT2.2 (anti-CD86, IgG2b; PharMingen, San Diego, CA, USA),
BBIG-I1 (anti-ICAM-1, IgG1; R&D Systems, Minneapolis, MN, USA),
BBIG-V1 (anti-VCAM-1, IgG1; R&D Systems), BBIG-E6 (anti-E-
selectin, IgG1; R&D Systems), KL-1 (anti-cytokeratin, IgG1; Immunotech
SA, Marseille, France), and K8.12 (anti-cytokeratin, IgG1; BioMakor,
Rehovot, Israel). As control Mab we used HDP-1 (anti-DNP, IgG1), SS1
(anti-sheep erythrocyte, IgG2a), NS8.1 (anti-sheep erythrocyte, IgG2b),
and NS4.1 (anti-sheep erythrocyte, IgM), all of which were generous gifts
from Dr. S.M. Fu. 
Flow cytometric analysis. Cultured salivary gland epithelial cells were
harvested using 0.5% trypsin in PBS containing 5.2 nM EDTA, and were
analyzed by flow cytometry as described28. Briefly, the cells were first
stained with Mab, washed, and then further incubated with FITC conjugat-
ed F(ab')2 goat anti-mouse Ig antibodies. After further washing, 104 cells
were analyzed with a FACSort (Becton-Dickinson). The Mab used were the
same as those used in the immunohistochemical and immunocytochemical
analyses. 
RNA extraction and complementary DNA (cDNA) synthesis. Total RNA
from the LSG and cultured salivary gland epithelial cells was prepared by
the acid guanidinium-phenol-chloroform method26,27. Three micrograms of
the total RNA preparation were used for the synthesis of cDNA. Briefly,
RNA was incubated 1 h at 37°C with 20 units of RNasin in ribonuclease
inhibitor (Promega, Madison, WI, USA), 0.5 µg of oligo-(dT)12-18
(Pharmacia, Uppsala, Sweden), 0.5 mM of each dNTP (Pharmacia), 10 mM
dithiothreitol, and 100 units RNase H– reverse transciptase (BRL,
Gaithersburg, MD, USA). 
Polymerase chain reaction amplification of cDNA. For the cytokines,
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amplification was performed as reported27. Briefly, the PCR reaction
mixture consisted of 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% Triton 
X-100, 2.5 mM MgCl2, 0.2 mM dNTP (Pharmacia), 400 nM 5' and 3'
oligonucleotide primers, and 2.5 units Taq DNA polymerase (Perkin-Elmer
Cetus, Emeryville, CA, USA). Amplification was performed with a DNA
thermal cycler (Perkin-Elmer Cetus) under the following conditions: dena-
turing at 94°C for 5 min for the first cycle and 40 s for the subsequent
cycles, and annealing/extension at 55°C [for interleukin (IL) 2, IFN-γ,
TNF-α] or 65°C (for ß-actin, CD3d, IL-4, and IL-5) for 90 s. The PCR
products were electrophoresed through 1.8% agarose gel, transferred to a
Nytran nylon membrane (Schleicher & Schuell, Dassel, Germany), and
then hybridized with 32P labeled oligonucleotide internal probes. After
hybridization for 18 h at 50°C, the filters were washed in 2× saline-sodium
citrate with 1% sodium dodecyl sulfate at 50°C and then exposed to x-ray
film. To quantify the radioactivity of the hybridized bands, autoradiograms
were generated using a Fuji BA100 Bioimage analyzer (Fuji Photo Film,
Tokyo, Japan). The sequences of the specific oligonucleotide primers and
internal probes have all been described27. For HLA-DR antigens and
costimulatory and adhesion molecules, the sequences of the specific
oligonucleotide primers were based on those previously published19,20,29,30,
and the amplification was performed under the same conditions as those
used for the cytokines with slight modifications, as shown in Table 1. PCR
products were electrophoresed through 1.8% agarose gel and visualized by
staining with ethidium bromide. 
Estimation of messenger RNA expression. To provide meaningful compar-
ison between different individuals or samples, we first normalized the
amount of cDNA in each sample to yield equivalent amounts of CD3δ PCR
products for standardization of T cell mRNA or ß-actin PCR products for
standardization of total cellular mRNA, as described27. Briefly, serial 5-fold
dilutions of sample cDNA were amplified using a set of CD3δ or ß-actin
primers. After 27, 30, and 33 cycle amplifications, the PCR products were
electrophoresed, transferred, and hybridized, and the radioactivities of the
products were measured using a Fuji BA100 Bioimage. From these results,
the amounts of cDNA were then normalized to yield equivalent amounts of
CD3δ or ß-actin PCR products between samples. For the T cell derived
cytokines, the sample cDNA were normalized to yield equivalent amounts
of CD3δ PCR product, serially diluted 5-fold, and then amplified for 33
cycles using each set of cytokine-specific primers. After hybridization with
a 32P labeled oligonucleotide internal probe, the amount of cytokine PCR
products was graded as follows: – = no band detected, even in the undiluted
sample cDNA; + = band detected in the undiluted sample cDNA but not in
the 1:5 diluted cDNA; ++ = band detected in the 1:5 diluted cDNA but not
in the 1:25 diluted cDNA; +++ = band detected in the 1:25 diluted cDNA.
For HLA-DR antigens and costimulatory and adhesion molecules, the
sample cDNA were normalized to yield equivalentamounts of ß-actin PCR
product, amplified for 35 cycles using each set of specific primers, elec-
trophoresed, and visualized by staining with ethidium bromide. 

Mixed culture of salivary gland epithelial cells and allogeneic lymphocytes.
Cultured salivary gland epithelial cells (4 × 104 cells/well) were cultured in
triplicate in the presence of 2000 U/ml of IFN-γ and/or 20 ng/ml of TNF-α
in flat bottom 96 well plates at 37°C for 3 days in a 5% CO2 atmosphere.
The cells were then irradiated with 10,000 rad, washed, and incubated with
2 × 105 cells/well of allogeneic peripheral blood mononuclear cells
(PBMC) in RPMI 1640 medium supplemented with 2.5% human AB serum
at 37°C for 5 days in a 5% CO2 atmosphere. During the last 8 h, the cells
were pulsed with 1 µCi/well of [3H]thymidine and the incorporated
radioactivity was determined. 

Blocking of HLA antigens and costimulatory molecules on the salivary
gland epithelial cells was performed with Mab. Irradiated cells (1 × 106
cells/ml) were incubated with different Mab (anti-HLA class I, anti-HLA-
DR, anti-CD80, and anti-CD86) at a final concentration of 5 µg/ml at 4°C
for 1 h, washed, and then incubated with PBMC as described above. 

RESULTS 
Expression of costimulatory molecules on salivary gland
epithelial cells in LSG. The expression of HLA-DR anti-
gens, costimulatory molecules, and adhesion molecules on
salivary gland epithelial cells was immunohistochemically
examined in the LSG from the 40 patients with SS, and rep-
resentative findings are shown in Figure 1. Expression of
HLA-DR antigens was detected in all the SS patients and it
was also frequently observed on acinar and duct cells in
close association with high lymphocytic infiltration. The
expression was stronger on intercalated duct cells than on
intralobular and interlobular duct cells. Expression of CD80
was detected in all SS patients and observed on duct cells,
especially intercalated and intralobular duct cells, but not on
acinar cells. The expression was generally associated with
heavy lymphocytic infiltration; however, this association
was not absolutely observed. In 5 cases, the expression of
CD80 was weaker in areas with heavy lymphocytic infiltra-
tion than in areas without lymphocytic infiltration. The
expression of CD86 was detected in 13 of the patients, and
even in those patients it was limited to a small number of
duct cells with heavy lymphocytic infiltration. Expression
of ICAM-1, VCAM, and E-selectin was observed on duct
cells, especially intercalated duct cells associated with
heavy lymphocytic infiltration, in 40, 27, and 36 patients,

Table 1. Primers and conditions for PCR amplification.

Target Messenger RNA Sequence of Primer PCR Conditions temperature (˚C), time (s)
(size of amplified fragment) (5′-3′) Denaturing Annealing Extension

HLA-DR antigens Sense CCCCACAGCACGTTTCTTG 94, 30 56, 60 72, 60
(274 bp) Antisense CCGCTGCACTGTGAAGCTCT

CD80 Sense AACTCGCATCTACTGGCAAAAGGAGAA 94, 60 60, 60 72, 90
(401 bp) Antisense TTCAGGATCTTGGGAAACTGTTGTGTT

CD86 Sense GTATTTTGGCAGGACCAGGA 94, 60 55, 120 72, 180
(663 bp) Antisense GCCGCTTCTTCTTGTTCCAT

ICAM-1 Sense TGACCATCTACAGCTTTCCGGC 94, 30 56, 30 72, 60
(351 BP) Antisense AGCCTGGCACATTGGAGTCTG

VCAM Sense CCAAGAATACAGTTATTTCTGTG 94, 30 55, 30 72, 30
(270 BP) Antisense TAGGGAATGCTTGAACAATTAATTC 
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Figure 1. Immunohistochemical staining of HLA-DR antigens, costimulatory molecules, and adhesion molecules on duct cells from labial salivary glands
(LSG) from (A) a patient with SS and (B) a healthy control subject. Serial sections were stained with anti-HLA-DR antigens (OKDR), anti-CD80 (BB1), anti-
CD86 (BU63), anti-ICAM-1 (BBIG-I1), anti-VCAM (BBIG-V1), anti-E-selectin (BBIG-E6), and control antibodies (a mixture of HDP-1, SS1, NS8.1, and
NS4.1). Expression of these molecules was seen on duct cells surrounded by lymphocytic infiltration in the LSG from a patient with SS, but not in control
samples. LSG from 40 SS patients and 5 controls were examined; results of a representative case are shown here.
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respectively, but not on acinar cells. In normal salivary
glands, none of these molecules were expressed on ducts.
Two Mab for each of HLA-DR antigens CD80 and CD86
were used in all staining experiments. As the 2 Mab consis-
tently gave almost identical results, only the results of each
antibody are reported. 
Relationship between expression of costimulatory molecules
on duct cells and T cell derived cytokine mRNA in LSG from
SS patients. As costimulatory signals have been suggested to
play a determining role in the development of T cell
subsets6,7, the relationship between the expression of
costimulatory molecules on duct cells and cytokine mRNA
in the LSG was examined in 17 of the 40 SS patients (Table
2). As reported27,31, Th1 cytokines such as IL-2 and IFN-γ
were detected in most of the patients (IL-2 in 14 patients and
IFN-γ in 15). In contrast, Th2 cytokines such as IL-4 and IL-
5 were less frequently detected (IL-4 in 8 patients and IL-5
in 7) than Th1 cytokines, and the expression of Th2
cytokines was closely associated with B cell accumulation
in the LSG. Expression of CD80 on duct cells was observed
in all the patients, while expression of CD86 on duct cells
was found in 6 patients. Concomitant detection of IL-4 and
IL-5 was more frequent in the patients with CD86 expres-
sion on duct cells (5 of the 6 patients) than in those patients
without CD86 expression on duct cells (2 of the 11 patients),
and this association was statistically significant (p < 0.05,
chi-square test). 
Expression of HLA antigens, costimulatory molecules, and
adhesion molecules on cultured salivary gland epithelial
cells. To confirm the expression of HLA-DR antigens,
costimulatory molecules, and adhesion molecules on sali-

vary gland epithelial cells, epithelial cells of the LSG were
cultured and passaged 3 times. At this time, this culture was
usually contaminated with lymphocytes. As shown in Figure
2, the cultured cytokeratin positive epithelial cells from SS
patients were spindle shaped and expressed HLA class I
antigens, HLA-DR antigens, CD80, and ICAM-1, but not
CD86, VCAM, and E-selectin. Expression of HLA-DR anti-
gens and ICAM-1 gradually diminished after further pas-
sages, while the expression of CD80 decreased but was
maintained for up to 12 serial passages (data not shown). In
contrast, the cultured cytokeratin positive epithelial cells of
normal LSG were cuboidal shaped and expressed HLA class
I antigens but not HLA-DR antigens, CD80, CD86, ICAM-
1, VCAM, or E-selectin (data not shown). 

The effects of IFN-γ and TNF-α on the induction of
HLA-DR antigens, costimulatory molecules, and adhesion
molecules were then examined, because IFN-γ and TNF-α
have been reported to induce various molecules to express
on vascular and parenchymal epithelial cells32-34 and to be
consistently produced in the LSG from patients with SS27,31.
In particular, IFN-γ has been suggested to induce HLA-DR
antigens, CD80, and CD86 on salivary gland epithelial-
cells20,35,36. To obtain a large number of cells, salivary gland
epithelial cells were cultured from normal major salivary
glands and then were passaged more than 5 times: almost all
the cultured cells were cytokeratin positive. As shown in
Figure 3, except for the HLA class I antigens, none of the
HLA-DR antigens, costimulatory molecules, or adhesion
molecules was expressed on the control cells cultured with
medium alone. When the cells were treated with IFN-γ for 3
days, HLA-DR antigens, CD80, and ICAM-1 were appar-

Table 2. Expression of costimulatory molecules on ductal cells and cytokines in labial salivary glands from patients with SS.

Patient Lymphocyte Lymphocyte Subset %**, Expression of Costimulatory Molecules† Expression of Cytokines††
Infiltration * CD3 CD20 CD80 CD86 IL-2 IFN−γ IL-4 IL-5

1 4 53.6 42.1 ++ + ++ +++ + +
2 3 49.3 45.2 + + + +++ + +
3 4 51.2 46.8 + + + +++ + +
4 4 47.4 49.6 + + _ +++ + +
5 4 48.6 48.3 + + _ +++ + +
6 3 78.1 14.3 + + ++ +++ – –
7 3 54.3 45.6 + – +++ +++ + +
8 3 57.6 40.6 + – ++ +++ + +
9 4 65.3 28.5 ++ – ++ +++ + –
10 4 57.4 40.6 ++ – ++ +++ – –
11 3 78.2 19.8 + – + +++ – –
12 4 78.3 20.8 + – + +++ – ––
13 2 76.2 23.6 + – + +++ – –
14 3 78.2 20.3 + – + ++ – –
15 4 86.6 4.2 + – +++ – – –
16 4 73.1 23.8 + – + – – –
17 2 72.6 14.3 + – – ++++ – –

* Degree of lymphocytic infiltration was graded on the Chisholm and Mason scale23. ** Percentage of stained lymphocytes was calculated as described in
Materials and Methods.  † Degree of CD80 and CD86 expression on duct cells was graded as described in Materials and Methods.  †† Degree of cytokine
messenger RNA expression was graded as described in Materials and Methods.
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ently expressed and the expression of HLA class I antigens
was thus augmented. The expression of CD86, VCAM, and
E-selectin was scarcely detected after treatment with IFN-γ.
On the other hand, when the cells were treated with TNF-α
for 3 days, expression of CD80, CD86, ICAM-1, and
VCAM was induced, although CD80 and CD86 were
weakly expressed. Expression of HLA-DR antigens and E-
selectin was not induced and the expression of HLA class I
antigens was slightly augmented. The effects of IFN-γ and
TNF-α were observed in a dose dependent manner after
treatment with 50, 100, 500, 1000, and 5000 U/ml of IFN-γ
or 1, 5, 10, 50, and 100 ng/ml TNF-α, and these effects were
detectable 24 h after the treatment, reached their peak 3 to 5
days after treatment, and thereafter were maintained for up
to 7 days (data not shown). Further, synergistic effects of
IFN-γ and TNF-α were not observed (data not shown). It is
interesting that the treatment with IFN-γ and TNF-α
changed cytokeratin positive cuboid cells to spindle shaped
cells, which were similar to cultured epithelial cells of LSG
from SS patients in Figure 2. 

Expression of HLA antigens, costimulatory molecules,
and adhesion molecules on the surface of the cultured
epithelial cells was examined by flow cytometry, as shown
in Figure 4. When the cells were treated with IFN-γ for 3
days, HLA-DR antigens and ICAM-1 were strongly
expressed on the cell surface and the expression of HLA
class I antigens was apparently augmented. The expression
of CD80 was weakly but reproducibly induced (the
percentage of positive cells was 22.0 ± 6.8% in 6 experi-
ments). The expression of CD86, VCAM, and E-selectin
was scarce after treatment with IFN-γ. On the other hand,
treatment with TNF-α for 3 days, as well as that with IFN-
γ, induced the expression of ICAM-1. The expression of
HLA class I antigens was augmented, although the effects of
TNF-α were weaker than those of IFN-γ. The expression of
CD80, CD86, and VCAM was faint but reproducibly
induced (percentage of positive cells 8.4 ± 3.1%, 12.8 ±
3.8%, and 16.3 ± 5.7%, respectively, in 6 experiments). The
expression of HLA-DR antigens and E-selectin was not
detectable. 

Figure 2. Immunocytochemical staining of HLA antigens, costimulatory molecules, and adhesion molecules on
cultured epithelial cells of LSG from a patient with SS. Epithelial cells of LSG were cultured, passaged 3 times,
and stained with anti-HLA class I antigens (B9.12.1), anti-cytokeratins (KL-1), and the same Mab as those used
in samples shown in Figure 1. The cultured cytokeratin positive epithelial cells were spindle shaped and positive
for HLA class I antigens, HLA-DR antigens, CD80, ICAM-1. Epithelial cells from 3 SS patients were examined
by the same protocol and the results of a representative case are shown.
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Figure 3. Effects of IFN-γ and TNF-α on the expression of HLA antigens, costimulatory molecules, and adhesion molecules on cultured salivary gland epithe-
lial cells. Epithelial cells were cultured from a normal major salivary gland, passaged 6 times, treated with 2000 U/ml IFN-γ or 20 ng/ml TNF-α for 3 days,
and then immunocytochemically stained with the same Mab as those used in Figure 2. Compared with nontreated cells, IFN-γ stimulated these cells to express
HLA-DR antigens, CD80, and ICAM-1, while expression of HLA class I antigens was also augmented. TNF-α stimulated these cells to express CD80, CD86,
ICAM-1, and VCAM, although expression of CD80 and CD86 was weak. Expression of HLA class I antigens was slightly augmented. Epithelial cells of
major salivary glands from 4 different donors were examined by the same protocol and the results of a representative case are shown.

Figure 4. Effects of IFN-γ and TNF-α on the surface expression of HLA antigens, costimulatory molecules, and adhesion molecules on cultured salivary gland
epithelial cells. Epithelial cells were cultured from a normal major salivary gland, passaged 6 times, treated with 2000 U/ml IFN-γ or 20 ng/ml TNF-α for 3
days, stained by indirect immunofluorescence with the same Mab as those used in Figure 2, and then were analyzed by flow cytometry. As negative controls,
the results of nontreated cells stained with isotype matched control antibodies (HDP-1 or NS4.1) are shown. IFN-γ or TNF-α stimulated cells were similarly
stained with these isotype matched control antibodies (data not shown). HLA class I antigens were only positive on nontreated cells in comparison with neg-
ative controls. Compared with nontreated cells, IFN-g stimulated these cells to express HLA-DR antigens, CD80, and ICAM-1, and expression of HLA class
I antigens was augmented. TNF-α stimulated the cells to express CD80, CD86, ICAM-1, and VCAM, although expression of CD80, CD86, and VCAM was
weak. Expression of HLA class I antigens was augmented. Expression of E-selectin was not induced with either IFN-γ or TNF-α (data not shown). Epithelial
cells of major salivary glands from 6 different donors were examined by the same protocol and the results of a representative case are shown.
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The activation of cultured epithelial cells with IFN-γ and
TNF-α was further examined at the transcript level, as
shown in Figure 5. Treatment with IFN-γ apparently
induced mRNA expression of HLA-DR antigens and
ICAM-1, 12 to 48 h and 6 to 24 h, respectively, after the
treatment. In contrast, treatment with TNF-α induced
mRNA expression of HLA-DR antigens, ICAM-1, and
VCAM 48 h, 6 to 24 h, and 6 to 48 h, respectively, after
treatment. Expression of CD80 mRNA was induced by
treatment with either IFN-γ or TNF-α, and it was very weak
but reproducible. The expression of CD86 mRNA was
detectable without treatment, and reproducible effects of
IFN-γ and TNF-α were not obtained. 
Induction of allogeneic lymphocyte reaction with cultured
salivary gland epithelial cells. As HLA antigens, costimula-

tory molecules, and adhesion molecules are involved in T
cell activation to alloantigens37-39, we examined the ability
of salivary gland epithelial cells to stimulate alloreactive T
cells in a mixed culture of salivary gland epithelial cells and
allogeneic lymphocytes. Figure 6 illustrates representative
data obtained with PBMC from 2 healthy donors. As deter-
mined by the uptake of [3H]thymidine, nontreated epithelial
cells induced very low levels of proliferation of the allo-
geneic PBMC. In contrast, epithelial cells treated with either
IFN-γ or TNF-α significantly stimulated the proliferation of
allogeneic PBMC. The effects of IFN-γ were always
stronger than those of TNF-α. However, the proliferation
achieved after treatment with IFN-γ or TNF-α was still
lower than that in the conventional mixed lymphocyte reac-
tion. 

Figure 5. Effects of IFN-γ and TNF-α on mRNA expression of HLA antigens, costimulatory molecules, and
adhesion molecules on the cultured salivary gland epithelial cells. Epithelial cells were cultured from a normal
major salivary gland, passaged 5 times, and treated with 2000 U/ml IFN-γ or 20 ng/ml TNF-α for 6, 12, 24, or
48 h. Total RNA was prepared from the epithelial cells and used for synthesis of cDNA. The sample cDNA were
normalized to yield equivalent amount of ß-actin PCR products, amplified for 35 cycles using each set of spe-
cific primers, electrophoresed, and visualized by staining with ethidium bromide. IFN-γ induced the mRNA
expression of HLA-DR antigens and ICAM-1, while TNF-α induced mRNA expression of ICAM-1 and VCAM.
Expression of CD80 mRNA was induced by either IFN-γ or TNF-α, but it was very weak. Expression of CD86
mRNA was detectable with no treatment, and no reproducible effects of IFN-γ and TNF-α were obtained.
Epithelial cells of major salivary glands from 6 different donors were examined by the same protocol and the
results of a representative case are shown.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


1892 The Journal of Rheumatology 2002; 29:9

As shown in Figure 7, blocking of HLA antigens and
costimulatory molecules on the salivary gland epithelial
cells was performed with Mab. The IFN-γ induced prolifer-
ation of the allogeneic PBMC was inhibited by the antibody
blocking of HLA class I antigens, HLA-DR antigens, and
CD80. In contrast, the effects of TNF-α were inhibited by
the antibody blocking of HLA class I antigens and CD80,
but not by HLA-DR antigens. Antibody blocking of CD86
did not result in significant inhibition of either IFN-γ or
TNF-α induced proliferation of allogeneic PBMC. 

DISCUSSION 
Aberrant expression of HLA-DR antigens and adhesion
molecules on salivary gland epithelial cells was immunohis-
tochemically observed, as in previous reports16-20. In regard
to CD80 and CD86, ectopic expression on acinar and duct
cells has recently been reported by Manoussakis, et al20;
however, there are some differences in our results. In their
report, both CD80 and CD86 were frequently expressed on
acinar and duct cells. In contrast, we observed the expres-
sion of CD80 and CD86 only on duct cells, especially inter-

calated and intralobular duct cells. Furthermore, CD80 was
expressed in samples from all of the patients, while CD86
was only expressed in some patients. Regarding infiltrating
lymphocytes, both CD80 and CD86 were observed by
Manoussakis, et al20, while only CD86 was detected in our
study (data not shown). The discrepancies in these results
may be due to differences in either the antibodies used or the
staining procedures: paraffin embedded specimens were
used by Manoussakis, et al20 and frozen specimens in our
study. 

Some reports suggest that CD80 and CD86 play a deter-
mining role in the development of the T cell subsets Th1 and
Th2; however, there are conflicting results regarding the role
of these molecules6,7. The discovery of the CD28 homo-
logue, cytotoxic T lymphocyte associated antigen-4 (CTLA-
4), has increased the complexity of costimulatory
interactions. CTLA-4 has been reported to bind with higher
affinity to CD80 and CD86 and thereby induce an inhibitory
effect on T cell activation40. Thus regulation of Th1/Th2
balance is relatively complicated, and involvement of
various other molecules including antigenic peptides,

Figure 6. Effects of IFN-γ and TNF-α on the induction of allogeneic response in mixed cultures of cultured salivary gland epithelial cells and allogeneic lym-
phocytes. Epithelial cells were cultured from a normal major salivary gland, passaged 8 times, and treated in triplicate with 2000 U/ml IFN-γ or 20 ng/ml
TNF-α in 96 well plates for 3 days. Cells were then irradiated, washed, and incubated with allogeneic PBMC from 2 healthy donors for 5 days. Epithelial
cells were thus used as stimulator cells, while PBMC were used as responder cells. For conventional mixed lymphocyte reactions, irradiated PBMC from a
donor of the epithelial cells were used as stimulator cells. During the last 8 h, cells were pulsed with [3H]thymidine and the incorporated radioactivity was
determined. The SD of each mean radioactivity were within 15%. Three sets of experiments were performed by using the salivary gland epithelial cells from
3 different donors and the results of a representative case are shown. In all 3 experiments, IFN-γ or TNF-α stimulated epithelial cells achieved significantly
higher levels of proliferation compared with nontreated epithelial cells (p < 0.05, Student t test). As epithelial cells were extensively washed after treatment
with IFN-γ and TNF-α, the remaining IFN-γ and TNF-α did not significantly affect the proliferation of the PBMC (data not shown).
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cytokines, and chemokines has been reported41-44. Similar
to reports on other autoimmune diseases6,14,15,45-50, the consis-
tent expression of CD80 as well as HLA-DR antigens on the
duct cells that we observed suggests that the costimulation
pathway via CD80 plays an important role in the activation
of pathogenic T cells in SS. The concomitant expression of
CD80 on duct cells and Th1 cytokine mRNA in LSG was
also observed in this study, suggesting that the costimulation
pathway via CD80 might be involved in Th1 activation. In
contrast, Th2 cytokine mRNA was frequently detected in
LSG from patients with CD86 expression on ductal cells,
suggesting that the costimulation pathway via CD86 might
be involved in Th2 activation. We previously described a
model for the pathogenesis of SS27. Th1 activation plays a
key role in the induction and/or maintenance of the disease,
giving rise to the eventual destruction of the target organ.
Additional Th2 activation induces B cells to differentiate, to
proliferate, and to produce immunoglobulins, and is thus
considered to be responsible for the lymphoaggressiveness
of the disease. As a result, CD80 may play an essential role
in the initiation and/or maintenance of the disease, while
CD86 is active in the progression of the disease. However,
in a study of autoimmune exocrinopathy resembling SS in
NFS/sld mutant mice, CD86, rather than CD80, has been
suggested to play a crucial role in the initiation and subse-
quent progression of Th1 mediated autoimmunity51. Further

studies, for example on the in situ association of
CD80/CD86 expression on duct cells and Th1/Th2 activa-
tion, are needed to determine the exact role of CD80 and
CD86 in the development of SS. 

Cultured epithelioid cells were used in this study to con-
firm the expression of HLA-DR antigens, costimulatory
molecules, and adhesion molecules on salivary gland
epithelial cells, especially ductal cells, which were observed
in situ, and to examine the effects of cytokines on the
expression of these molecules. Our previous study25 indi-
cates that epithelioid cells, which grew in the same serum-
free medium as in the present study, represent the undiffer-
entiated ultrastructure of ductal cells, express antigens spe-
cific to basal cells of the intra and interlobular ducts in situ,
and differentiate into luminal duct cells after a confluent cul-
ture. We thus consider that the cultured epithelioid cells
used in this study are suitable as the target cells in SS. Clark,
et al35 and Brookes, et al36 examined the expression of
HLA-DR antigens on cultured epithelial cells from salivary
glands. Manoussakis, et al20 also used these cells to confirm
the expression of HLA-DR antigens, CD80, and CD86.
However, the epithelial cells they used were obtained under
culture conditions different from ours, and they were also
not fully characterized. 

Clark, et al35, Brookes, et al36, and Manoussakis, et al20
immunocytochemically examined the effects of IFN-γ on

Figure 7. The effect of antibody blocking of HLA antigens and costimulatory molecules on IFN-γ and TNF-α induced allogeneic response in mixed cultures
of salivary gland epithelial cells and allogeneic lymphocytes. Epithelial cells were treated with IFN-γ or TNF-α and irradiated as described in legend for
Figure 6. Cells were then incubated with different Mab (anti-HLA class I, B9.12.1; anti-HLA-DR, G46-6; anti-CD80, L307.4; and anti-CD86, BU63; con-
trols, SS1 and HDP-1) at a final concentration of 5 µg/ml at 4˚C for 1 h, washed, and incubated with allogeneic PBMC from a healthy donor for 5 days.
During the last 8 h, the cells were pulsed with [3H]thymidine and the incorporated radioactivity was determined. The SD of each mean radioactivity were
within 15%. Four sets of experiments were performed using salivary gland epithelial cells from 4 different donors, and the results of a representative case are
shown. *p < 0.05 relative to controls, Student t test.
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the expression of HLA-DR antigens and found results
almost identical to ours. Further, in this study, induction of
the surface expression of HLA antigens on salivary gland
epithelial cells was confirmed by flow cytometry. At the
mRNA level we examined by PCR, the expression of HLA-
DR antigens was inducible and the results were compatible
to those achieved with immunocytochemical staining and
flow cytometry. The effects of TNF-α were also examined
in this study. Under the conditions we examined, TNF-α did
not induce the expression of HLA-DR antigens at either
protein or mRNA levels. It is important to note that
augmented expression of HLA class I antigens by either
IFN-γ or TNF-α was observed by immunocytochemical
staining and flow cytometry. 

Regarding CD80 and CD86, we obtained different results
from those reported by Manoussakis, et al20. At the protein
and mRNA levels, Manoussakis, et al observed that IFN-γ
induced both CD80 and CD86 expression, while only CD80
was expressed in our study. These discrepancies may be due
to differences in the cultured epithelial cells. The surface
expression, observed only in this study, and the mRNA
expression of CD80 were relatively weak, compared with
the results from immunocytochemical staining. Although
IFN-γ might not fully induce the expression of CD80, such
induction was confirmed at the protein and mRNA levels.
TNF-α, examined only in this study, weakly induced CD80
and CD86 expression in immunocytochemical staining, and
only a faint induction result was observed by flow cyto-
metry. Induction of CD80 was confirmed at the mRNA
level, but the induction of CD86 was not fully confirmed,
most likely because the induction was too weak to be repro-
ducibly observed by the PCR based analysis we performed.
As a result, full expression of CD80 and CD86 was not
achieved by stimulation with IFN-γ and TNF-α. Based on
the strong staining of CD80 and CD86 in situ, either IFN-γ
or TNF-α may not be sufficient and additional stimulatory
conditions may thus be needed to induce full expression,
especially the surface expression of these molecules. In
addition, it is interesting that the spontaneous and sustained
CD80 expression by longterm cultured epithelial cells from
SS patients, as reported by Manoussakis, et al20, was also
observed in our study. As Manoussakis, et al discussed, the
aberrant CD80 expression by salivary gland epithelial cells
in SS might be partially constitutive or induced in an
autocrine manner by cytokines produced by them, in addi-
tion to upregulation by such T cell derived cytokines as 
IFN-γ.

In this study, the expression of adhesion molecules on
salivary gland epithelial cells was also confirmed using cul-
tured salivary gland epithelial cells. IFN-γ activated these
cells to express ICAM-1, while TNF-α activated expression
of ICAM-1 and VCAM. The effects of IFN-γ and TNF-α on
the expression of adhesion molecules were confirmed by
flow cytometry and at the mRNA level. Neither IFN-γ nor

TNF-α induced the expression of E-selectin. Taken together
with previous findings that the majority of infiltrating T
cells in LSG from SS patients express lymphocyte function
associated antigen-1 (LFA-1), which is a ligand of ICAM-1,
and very late activation antigen-4 (VLA-4), a ligand of
VCAM16, our data suggest the interaction of ICAM-1/LFA-
1 and/or VCAM/VLA-4 might be involved in periductal
infiltration and activation of T cells in SS. 

The ability of salivary gland epithelial cells to stimulate
alloreactive T cells was examined in a mixed culture system
using salivary gland epithelial cells and allogeneic lympho-
cytes. The epithelial cells treated with IFN-γ or TNF-α sig-
nificantly stimulated the proliferation of the allogeneic
PBMC, compared with untreated epithelial cells. Blocking
experiments against the interaction of HLA antigens and
costimulatory molecules with their ligands revealed which
molecules stimulate the alloreactive responses observed in
this system. This effect of IFN-γ depended on the upregulat-
ed HLA class I antigens, HLA-DR antigens, and CD80,
while that of TNF-α depended on the upregulated HLA
class I antigens and CD80. The involvement of CD86 was
not observed in either the IFN-γ or TNF-α induced alloreac-
tive responses, probably because the expression of CD86
was not fully induced and therefore the costimulation
induced by CD86 is not considered to be involved in this
culture system. These negative results do not necessarily
rule out an in vivo role of CD86. In addition, the antibody
blocking of adhesion molecules also showed no significant
inhibition (data not shown). The proliferation achieved by
IFN-γ or TNF-α was relatively lower than that in conven-
tional mixed lymphocyte reaction. The low levels of prolif-
eration can probably be explained because neither IFN-γ nor
TNF-α sufficiently induced the surface expression of CD80
or CD86 on salivary gland epithelial cells and thereafter the
activity of these cells as APC. Alternatively, although our
results suggest the potential of these cells to function as non-
professional APC, the activity of these cells might not be as
proficient as professional APC. 

Taken together, our findings offer several insights. In the
development of SS, salivary gland epithelial cells may con-
tribute to their own destruction as a consequence of their
ability to activate autoreactive T cell responses as nonpro-
fessional APC. Further, these cells may also play a deter-
mining role in the activation of Th1 and Th2 via the expres-
sion of costimulatory molecules. A more thorough under-
standing of the interaction of T cells and the target organ
might lead to therapy to inhibit the initiation and/or pro-
gression of SS. 
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