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The �-fodrin N-terminal portion (AFN) autoantigen
mediates in vivo immunoregulation of autoimmune
responses in primary Sjögren’s syndrome (SS). We
further examined this process and found that cleav-
age products of AFN were frequently detected in the
salivary gland duct cells of SS patients. In in vitro
studies using human salivary gland HSY cells, anti-
Fas-induced apoptosis resulted in specific cleavage of
�-fodrin into the 120-kd fragment, in association of
�-fodrin with �-calpain, and activation of caspase 3.
Significant proliferative responses against �FN au-
toantigen were observed in the peripheral blood
mononuclear cells (PBMCs) from SS patients with
higher pathological score (grade 4) and with short
duration from onset (within 5 years). In vivo roles of
AFN peptides were investigated using PBMCs from
patients with SS, systemic lupus erythematosus, and
rheumatoid arthritis. Significant proliferative T-cell
responses of PBMCs to AFN peptide were detected in
SS but not in systemic lupus erythematosus or rheu-
matoid arthritis. AFN peptide induced Th1-immune
responses and accelerated down-regulation of Fas-
mediated T-cell apoptosis in SS. Our data further elu-
cidate the in vivo role of AFN autoantigen on the
development of SS and suggest that the AFN autoanti-
gen is a novel participant in peripheral tolerance.
(Am J Pathol 2005, 167:1051–1059)

Organ-specific autoimmune diseases are characterized
by tissue destruction and functional decline due to auto-
reactive T cells that escape self-tolerance.1,2 Primary
Sjögren’s syndrome (SS) is an autoimmune disorder
characterized by lymphocytic infiltrates and destruction
of the salivary and lacrimal glands, and systemic produc-

tion of autoantibodies to the ribonucleoprotein particles
SS-A/Ro and SS-B/La.3–5 SS is a T-cell-mediated autoim-
mune disease, and autoreactive T cells bearing CD4
molecule may recognize unknown self antigen-triggering
autoimmunity in the salivary and lacrimal glands, leading
to clinical symptoms of dryness of the mouth and eyes
(sicca syndrome).6,7 Accumulated evidence suggest an
important role of apoptosis in disease pathogenesis of
SS.8 Previously we have identified a 120-kd �-fodrin au-
toantigen in the pathogenesis of primary SS,9 but the role
of autoantigen that render in vivo immunoregulation re-
mains unclear.

Although an important role for T cells on the develop-
ment of organ-specific autoimmune disease has been
argued, it is not known whether disease is initiated by a
restrained inflammatory reaction to an organ-specific au-
toantigen. Autoreactive T cells generally respond to a
limited number of immunodominant epitopes in self-anti-
genic proteins including myelin basic protein, thyroglob-
ulin, and glutamic acid decarboxylase.10–12 �-Fodrin is a
ubiquitous, heterodimeric calmodulin-binding protein13

found to be cleaved by calcium-activated protease (cal-
pain) in apoptotic T cells, and by calpain and caspase
family cysteine proteases14 in anti-Fas-stimulated Jurkat
cells and/or neuronal apoptosis.15–17 Previous reports
have demonstrated evidence that caspase 3 is required
for �-fodrin cleavage during apoptosis.18–20 In Jurkat
cells, caspase 3-like proteases have been reported to
cleave �-fodrin and poly (ADP-ribose) polymerase but
with differential sensitivity to the caspase 3 inhibitor,
DEVD-fmk.20 In neuroblastoma cells, treatment with stau-
rosporin induced cleavage of �-fodrin at both caspase 3
and calpain cleavage sites.21 Therefore, we speculate
that an increase in enzymatic activity of apoptotic pro-
teases is involved in the progression of �-fodrin proteol-
ysis during apoptosis of human salivary gland cells. In
this study, we analyzed Fas-mediated apoptosis in SS
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salivary glands, and the in vivo role of the autoantigen for
T-cell response, cytokine production, and peripheral
tolerance.

Materials and Methods

Patients with Autoimmune Diseases

Peripheral blood samples from 18 patients with primary
SS, 6 systemic lupus erythematosus (SLE), and 5 rheu-
matoid arthritis (RA), and from age-matched healthy do-
nors (n � 18) were obtained from the Tokushima Univer-
sity Hospital, Tokushima, Japan. SLE and RA patients
were diagnosed based on American College of Rheuma-
tology criteria.22,23 All patients with SS were female, had
documented xerostomia and keratoconjunctivitis sicca,
and fulfilled San Diego criteria for the diagnosis of SS.3

Patients with secondary SS were carefully excluded. All
patients with SS had focus scores of greater than 2 in
their lip biopsy and all tested positive for autoantibodies
against Ro, and 15 of 18 SS patients had autoantibodies
against 120-kd �-fodrin by Western blotting. Analysis was
performed under the certification of the ethics board of
Tokushima University Hospital.

Immunohistology

Immunohistology was performed on freshly frozen sec-
tions (4 �m in thickness) by the biotin-avidin immunoper-
oxidase method using ABC reagent (Vector Laboratories,
Burlingame, CA). Briefly, freshly frozen sections were
fixed in acetone for 10 minutes, rinsed in phosphate-
buffered saline (PBS, pH 7.2), and incubated with an
appropriate blocking reagent (Vector Laboratories) for 20
minutes. They were incubated for 1 hour with biotinylated
mouse monoclonal antibodies (mAbs) to CD4, CD8,
L26(CD20) (BD Bioscience, San Jose, CA), and to Fas
and FasL (BD PharMingen, San Diego, CA). To detect the
cleavage product of �-fodrin, polyclonal rabbit Abs
raised against the synthetic peptide to the purified
120-kd antigen corresponding to the identified 20 amino
acid residues (RQKLEDSYRFQFFQRDAEEL) were devel-
oped and used.9 Isotype-matched sera were used as
controls, respectively.

Production of Recombinant �-Fodrin

Recombinant �-fodrin N-terminus (AFN) protein (JS-1),
the cDNA encoding human �-fodrin (JS-1:1,1784 bp)9

was constructed by inserting cDNA into the EcoRI site of
pGEX-2T. Glutathione S-transferase fusion protein was
expressed and purified using a glutathione S-transferase
gene fusion system (Amersham Bioscience, Piscataway,
NJ).

Synthetic Peptides

AFN peptides identical to JS-1 region were synthesized
using tent-butoxycarbonyl chemistry on a model 430A

peptide synthesizer (Applied Biosystems, Foster City,
CA). A total of 45 synthetic peptides that were designed
to be 20-amino acid residues in length, overlapping by
five-amino acid residues were generated. As control pep-
tide, laminin fragment peptide 929-933 (Sigma Chemical
Co., St. Louis, MO) was used.

Proliferative T-Cell Response

Freshly isolated peripheral blood mononuclear cells
(PBMCs) from SS patients and age-matched controls
were assayed. When necessary, isolated CD4� and
CD8� T cells from PBMCs using magnetic beads (Dynal,
Oslo, Norway) were assayed. Single cell suspensions
were cultured in 96-well flat-bottom microtiter plates (5 �
105 cells/well) in RPMI 1640 containing 10% fetal calf
serum, penicillin/streptomycin, and �-mercaptoethanol.
Cells were cultured with 10 �g/ml JS-1 protein, 10 �g/ml
AFN peptide, and 2.0 �g/ml Con A (EY Laboratories, San
Mateo, CA). To confirm the immunoreactivity with the AFN
protein (JS-1), 2 � 105 CD4� and CD8� T cells from
PBMCs of SS patients and controls were co-cultured with
irradiated T-cell-depleted PBMCs as antigen-presenting
cells, and stimulated with 0 to 20 �g/ml JS-1 for 72 hours.
During the last 8 hours of the 72-hour culture period, 1
�Ci of [3H]thymidine was added per well, and the incor-
porated radioactivity was determined using an auto-
mated � liquid scintillation counter.

Flow Cytometric Analysis

For analysis of intracellular cytokines, monensin (Wako
Pure Chemical, Osaka, Japan) was added at 2 �mol/L to
isolated PBMCs (106/ml), and 2 hours later the cells were
collected, labeled with anti-CD4-PE (BD PharMingen),
fixed with 4% paraformaldehyde for 10 minutes at 4°C,
and then permeabilized with 0.1% saponin in PBS at
room temperature for 10 minutes. Cells were incubated
with anti-interleukin (IL)-2-fluorescein isothiocyanate
(FITC) (8 �g/ml; BD PharMingen), anti-IL-4-FITC (5 �g/
ml; BD PharMingen), and anti-interferon (IFN)-�-FITC (1
�g/ml; BD PharMingen), respectively, and analyzed on a
EPICS flow cytometer (Beckman Coulter, Miami, FL). For
analysis of Fas and FasL expression, isolated PBMCs
from SS patients when pulsed with AFN peptide (10
�g/ml) were assayed by flow cytometry gated on CD4� T
cells, using anti-Fas and anti-FasL mAb (BD PharMin-
gen). Mean fluorescence intensity was calculated using
the fluorescence intensity of staining for mAbs to Fas or
FasL and isotype-matched control measured by flow cy-
tometry. Apoptotic cells were detected by flow cytometry
with an EPICS (Beckman Coulter) using the Annexin V-
FITC apoptosis detection kit (Genzyme, Cambridge, MA).

Cell Culture and Induction of Apoptosis

Human parotid salivary gland HSY cells24 were grown in
Dulbecco’s modified Eagle’s medium supplemented with
10% heat-inactivated fetal calf serum, 100 U/ml penicillin,
and 100 �g/ml streptomycin in a humidified atmosphere
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of 5% CO2 in air at 37°C. The cells were maintained in a
logarithmic growth phase by routine passage every 2 to 3
days. Apoptosis was induced in HSY cells by anti-Fas
mAb (clone CH-11; Medical and Biological Laboratories.
Co., Ltd., Nagoya, Japan).

Western Blot Analysis

For detection of a cleavage product of �-fodrin, Western
blot analysis was performed with anti-�-fodrin mAb (Af-
finiti, Mamhead, UK). To detect the apoptotic proteases in
vitro, Western blot analysis was performed using mouse
mAbs to �-calpain (clone 9; Chemicon Int., Temecula,
CA) specific for catalytic subunit (80 kd), calpastatin
(clone 1F7E3D10; Calbiochem, San Diego, CA) specific
for amino acids 543 to 673 encoding domain IV (150,
125, 90, and 70 kd), and caspase 3 (3G2; Transduction
Laboratories, Lexington, KY) specific for amino acids 28
to 44 encoding large subunit (17/19 kd). The cells were
homogenized in 20 mmol/L Tris-HCl buffer (pH 7.4) con-
taining 5 mmol/L ethylene diamine tetraacetic acid, 10
�l/ml protease inhibitor cocktail (Sigma Chemical Co.)
and 0.2% Triton X-100. After centrifugation for 20 minutes
at 12,000 � g at 4°C, supernatant was extracted and
used for cytoplasmic protein. Pellets were homogenized
in 20 mmol/L Tris-HCl buffer containing 2% Triton X-100.
Protein binding was visualized with ECL Western blotting
reagent (Amersham Bioscience). Protease inhibitors in-
cluded leupeptin, E64, pepstatin (Wako Pure Chemicals),
calpain inhibitor peptide (Sigma Chemical Co.), and
caspase inhibitors [Ac-YVAD-CHO (ICN, Costa Mesa,
CA); Z-VAD-fmk (ICN)].

Sequential Activation of Caspase-Like
Proteases

The caspase 3-like activity in anti-Fas mAb-treated HSY
cell extracts was determined using fluorescent sub-
strate.25 Cell lysates were diluted with 0.5 ml of standard
buffer, and incubated at 30°C for 30 minutes with 1
�mol/L fluorescent substrate. The specific inhibitor for
caspase 3 (Z-DEVD-fmk) was added to the reaction mix-
ture at a concentration of 1 �mol/L. Specific caspase
3-like activity was determined by subtracting the values
obtained in the presence of inhibitors. The fluorescent
substrate, MOCAc-DEVD (dnp)-NH2 was custom-synthe-
sized at the Peptide Institute (Osaka, Japan). The fluo-
rescence of the cleaved substrates was determined us-
ing a spectrofluorometer set at an excitation wavelength
of 328 nm and an emission wavelength of 393 nm.

Cell Transfection

cDNAs for full-length caspase 3 and �-calpain obtained
by polymerase chain reaction were subcloned into the
pCRII vector (Invitrogen Co., Carlsbad, CA). All con-
structs were confirmed by DNA sequencing. For expres-
sion experiments, DNA fragments were subcloned into
pcDNA3.1 expression vector (Invitrogen Co.). HSY cells

were transfected with the pcDNA3.1 expression vectors
using the Lipofectamine reagent according to the manu-
facturer’s instruction (Invitrogen Co.). The cells were
transfected with the individual plasmid DNA and the total
amount of DNA transfected was adjusted to 10 �g with
pcDNA3.1 for each 100-mm dish or 3 �g for each 60-mm
dish. After a 5-hour incubation with the DNA/lipid mixture,
the cells were washed with PBS before replenishing with
growth media. The cells were harvested 24 hours after
transfection and lysed in Tris-HCl buffer.

Results

Involvement of Apoptotic Cascade in SS
Salivary Glands

Immunohistochemical analysis revealed that a majority of
infiltrating cells were CD4�, and that a small number of
CD8� cells were present in the SS salivary glands. L26�

B cells were sporadically present in the inflammatory
lesions (data not shown). Shown in Figure 1, A and B, are
photomicrographs taken from representative data. Immu-
nofluorescence analysis revealed that a large number of
infiltrating lymphoid cells bear FasL in SS salivary glands
(Figure 1C), and epithelial duct cells stained positively
with Fas on their cell surface (Figure 1D). Some acinar
cells were stained negligibly positive with both anti-FasL
and anti-Fas antibodies, but most acinar cells were neg-
ative. Immunofluorescence analysis using polyclonal Ab
against synthetic 120-kd �-fodrin9 demonstrated that a
cleavage product of �-fodrin was present in epithelial
duct cells of the labial salivary gland biopsies from SS
patients, but not in control glands (Figure 1, E and F).
Western blot analysis confirmed the same results (Figure
1G), indicating that a cleavage product of 120-kd �-fo-
drin is present in the diseased glands with SS.

In Vitro Cleavage of �-Fodrin Induced by
Apoptotic Stimuli

We examined the in vitro cleavage of �-fodrin using HSY
and Jurkat cells induced by anti-Fas mAb (ranging from
1 to 1000 ng/ml�1) apoptotic stimuli. Anti-Fas (CH-11)-
stimulated apoptosis in HSY cells was confirmed by flow
cytometric analysis using an apoptosis detection kit as
well as in Jurkat cells (Figure 2A). Western blot analysis
demonstrated that the 240-kd �-fodrin on apoptotic HSY
cells was cleaved into smaller 120-kd fragments in dose-
dependent manner of anti-Fas mAb (Figure 2B). We next
examined whether �-fodrin cleavage into the 120-kd frag-
ment on apoptotic HSY cells could be blocked by prein-
cubation with specific protease inhibitors. In apoptotic
HSY cells, a combination of calpain inhibitor peptide and
caspase inhibitor (Z-VAD-fmk) entirely blocked the for-
mation of 120-kd �-fodrin, whereas calpain inhibitor pep-
tide alone could not block 120-kd formation (Figure 2C).
Caspase inhibitor alone could block considerably 120-kd
formation. Cysteine protease inhibitors (E64), serine pro-
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tease inhibitor (leupeptin), and acidic protease inhibitor
(pepstatin) had no effect on 120-kd �-fodrin cleavage.

Calpain and Caspase Mediated �-Fodrin
Cleavage

We investigated whether cysteine proteases are involved
in �-fodrin cleavage on apoptotic HSY cells. We found a
constitutive expression of �-calpain, and its time-depen-
dent increase in anti-Fas-stimulated HSY cells (Figure
3A). Of note is that abundant calpastatin activity is shown
to be constitutively expressed more than calpain expres-
sion, and a time-dependent decrease of calpastatin ex-
pression was observed in apoptotic HSY cells, not in
Jurkat cells (Figure 3A). It can be speculated that �-cal-
pain activity could be considerably affected by endoge-
nous calpastatin during apoptosis in HSY cells. We con-

firmed a time-dependent increase in the active form of
�-calpain in apoptotic HSY cells (Figure 3A). Anti-Fas-
stimulated HSY cells were positive for mAbs to caspase 3
in association with apoptosis (Figure 3B). Moreover, the
caspase 3-like activities in anti-Fas Ab-stimulated HSY
cell extracts were determined using fluorescent sub-
strates (Figure 3B).25 To confirm the role of caspase 3
and �-calpain proteins in induction of �-fodrin cleavage,
full-length caspase 3 and �-calpain cDNAs were tran-
siently overexpressed in HSY cells, and cleavage prod-
uct of 120-kd �-fodrin was examined by anti-�-fodrin Ab.
Analysis of lysates from caspase 3 and �-calpain cDNA
co-transfected cells with Western blotting revealed a sig-
nificant increase (approximately fivefold to sevenfold) of
120-kd �-fodrin in the level of expression of caspase 3 or
�-calpain in cells transfected with respective cDNA
(Figure 3C).

In Vivo Role of �-Fodrin in SS Patients

To confirm the immunoreactivity with the AFN protein
(JS-1), CD4� and CD8� T cells were isolated from
PBMCs of SS patients (n � 3) and controls (n � 2),
and were co-cultured with irradiated T-cell-depleted

Figure 1. Representative immunohistological features in the labial gland
biopsies. A majority of infiltrating cells were CD4� (A), and a small number
of CD8� T cells (B) were present in the SS salivary glands. Five samples were
examined. Immunofluorescence analysis revealed that the majority of tissue-
infiltrating lymphoid cells bear FasL (C), and epithelial duct cells stained
positively with Fas on their cell surface (D) in SS salivary glands. Isotype-
matched controls were stained negatively. Six samples for each were exam-
ined. A cleavage product of 120-kd �-fodrin was present exclusively in
epithelial duct cells of the SS salivary glands (E), but not in control salivary
glands (F). Six samples for each were examined. Detection of a cleavage
product of 120-kd �-fodrin in the labial salivary gland biopsies with SS (no.
1, no. 2, and no. 3), but not in control individuals (no. 1, no. 2, and no. 3) on
Western blotting (G). Eight samples for each were examined.

Figure 2. Anti-Fas-induced apoptosis in HSY and Jurkat cells. A: The HSY
and Jurkat cell apoptosis induced by anti-Fas mAb (CH-11) stimulation was
determined by flow cytometry of DNA content of nuclei with PI and annexin
V. B: Western blot analysis demonstrated 120-kd �-fodrin in apoptotic HSY
and Jurkat cells in a dose-dependent manner. C: Effects of protease inhibitors
on �-fodrin cleavage in apoptotic HSY cells. Proteolytic cleavage of �-fodrin
to 120 kd in Fas-stimulated HSY cells is blocked by a combination of a
calpain inhibitor peptide and caspase inhibitors (Z-VAD-fmk), but not by
E64, leupeptin, and lepstatin. Calpain inhibitor peptide alone could not
inhibit the 120-kd �-fodrin formation.
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PBMCs as antigen-presenting cells. Significant prolif-
erative responses were observed in CD4� T cells from
SS patients, not in CD8� T cells (Figure 4A). Moreover,
it has been determined by flow cytometric analysis that
the accumulated population in response to both AFN
protein (JS-1) and AFN peptide among PBMCs of SS
patients is CD4� T cell (data not shown). Then, we
used PBMCs for the proliferation assay. We found pro-
liferative T-cell responses (stimulation indices � 3) to
the AFN protein (JS-1) using PBMCs from 14 of 18
patients with SS, not from age-matched healthy pa-
tients (n � 11) (Figure 4B). Proliferative responses to
JS-1 of SS patients with short duration (within 5 years)
from the onset of disease (n � 8) were significantly
higher than those with long duration (longer than 5
years) (n � 6) (Figure 4C). Proliferative responses to
JS-1 autoantigen with younger SS patients (40 to 50

years of age) (n � 8) were significantly higher than
those with older SS patients (60 to 70 years of age)
(n � 6) (Figure 4D). Significant proliferative responses
to JS-1 protein were observed in PBMCs from SS pa-
tients with higher pathological score (n � 9, grade 4)
than those with lower score (n � 5, grade 2 or grade 3)
(Figure 4E). Synthetic peptides of AFN were gener-
ated, and immunoregulatory roles were investigated
using PBMCs from patients with SS, compared with
SLE and RA. Significant proliferative T-cell responses
to AFN peptide were detected in PBMCs from 9 of 18
patients with SS, but not with SLE, RA, and healthy
controls (Figure 5). We next analyzed intracellular cy-
tokines using isolated PBMCs (106/ml). CD4� T cells
from PBMCs with SS patients induce Th1 cytokine
(IL-2, IFN-�) when pulsed with AFN peptide (10 �g/ml)
(Figure 6A), not with control laminin fragment peptide
(10 �g/ml). We observed a significant decrease in both
CD4� Fas� T and CD4� FasL� T cells in SS patients,

Figure 3. Detection of cysteine proteases in anti-Fas-induced apoptotic HSY
cells. Western blot analysis of �-calpain, and calpastatin in apoptotic HSY
and Jurkat cells stimulated with anti-Fas Ab (CH-11). A constitutive expres-
sion of �-calpain, and its time-dependent increase were observed in anti-
Fas-stimulated HSY cells. Calpastatin activity is shown to be constitutively
expressed more than calpain expression and a time-dependent decrease of
calpastatin expression was observed in apoptotic HSY cells, not in Jurkat
cells. A: Western blot analysis of the active form of �-calpain in apoptotic
HSY cells stimulated with anti-Fas mAb (CH-11). B: Western blot analysis
showing a time-dependent increase in caspase 3 and sequential activation of
caspase 3-like protease in anti-Fas-induced apoptotic HSY cells. The caspase
3-like activity in the lysates (100 mg protein) (filled circle) or in the
presence of 50 mmol/L MOCAc-DEVD-NH2 (open circle) was determined
using fluorescent substrates in apoptotic HSY cells. One unit corresponds to
the activity that cleaves 1 pmol of the respective fluorescent substrate at 30°C
in 30 minutes. C: Detection of cleavage product of 120-kd �-fodrin in
co-transfected HSY cells overexpressed with full-length caspase 3 and �-cal-
pain cDNAs. Analysis of lysates from caspase 3 and �-calpain cDNA co-
transfected cells revealed a fivefold to sevenfold increase of 120-kd �-fodrin
in the level of expression of caspase 3 or �-calpain in cells transfected with
each construct.

Figure 4. A: Significant proliferative CD4� T-cell responses, not CD8� T
cells, to the AFN protein (JS-1) in the patients with primary SS (n � 3), not
in age-matched control (n � 2) (**P � 0.01, Student’s t-test). B: Significant
proliferative responses (stimulation indices � 3) of PBMCs to the AFN
protein (JS-1) in patients with primary SS (n � 14), not in age-matched
control (n � 11) (**P � 0.01, Student’s t-test). C: Proliferative responses to
JS-1 of PBMCs from SS patients with short duration (within 5 years) from the
onset of the disease (n � 8) were significantly higher than those with long
duration (more than 5 years) (n � 6) (**P � 0.01, Student’s t-test). D:
Proliferative responses to JS-1 of PBMCs from younger SS patients (40 to 50
years of age) (n � 8) were significantly higher than those with older SS
patients (60 to 70 years of age) (n � 6) (*P � 0.05, Student’s t-test). E:
Significant proliferative responses to JS-1 protein were observed in PBMCs
from SS patients with higher pathological score (n � 9, grade 4) than those
with lower score (n � 5, grade 2 or grade 3) (*P � 0.05, Student’s t-test). All
data are expressed as stimulation indices � SEM.
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compared with healthy controls (Figure 6B). Moreover,
it was demonstrated that AFN peptide-pulsed CD4� T
cells showed a significant low intensity of FasL expres-
sion, not Fas expression (Figure 6C). Anti-Fas mAb-
stimulated apoptosis showed a significant decrease in
CD4� T cells from SS patients than those from healthy
control (Figure 6D). When pulsed with AFN peptide,

anti-Fas mAb-stimulated apoptosis decreased more
significantly in CD4� T cells from SS patients.

Discussion

Cleavage of certain autoantigens during apoptosis
may reveal immunocryptic epitopes that could poten-
tially induce autoimmune responses in systemic auto-
immune diseases.26,27 We reported previously that a
cleavage product of 120-kd �-fodrin may be an impor-
tant autoantigen on the development of primary SS,
and anti-120-kd �-fodrin antibodies have been fre-
quently detected in sera from patients.9 Although sev-
eral candidate autoantigens besides �-fodrin have

Figure 5. Significant proliferative responses of PBMCs were seen with AFN
peptide in the patients with primary SS. Nine of eighteen SS patients exam-
ined reacted significantly with single AFN peptide, but not in SLE (n � 6), RA
(n � 5), and age-matched healthy controls (n � 6). Representative profiles
in three different patients with SS (SS 1, SS 2, SS 3) indicate significant
proliferative responses with peptide mixture and individual peptide of p22,
p26, p28, and p39 (*P � 0.05, **P � 0.01; Student’s t-test), but not with
laminin fragment peptide 929-933 as control antigen. The results are ex-
pressed as stimulation indices � SEM.

Figure 6. Cytokine profile and Fas-mediated apoptosis in CD4� T cells
from SS patients. A: CD4� T cells from PBMCs with SS patients induce Th1
cytokine (IL-2, IFN-�), not Th2 cytokine (IL-4) when pulsed with AFN
peptide (10 �g/ml) by flow cytometric analysis (*P � 0.05, **P � 0.01;
Student’s t-test). Laminin fragment peptide 929-933 (10 �g/ml) was used
as control. Five SS patients were analyzed. B: Significant decrease in both
Fas� and FasL� expression in CD4� T cells from SS patients, compared
with healthy controls (*P � 0.05, **P � 0.01; Student’s t-test). Five SS
patients and four healthy controls were analyzed. C: AFN peptide-pulsed
CD4� T cells showing significant low intensity of FasL expression, not Fas
expression, in SS patients (**P � 0.01, Student’s t-test). MFI (mean
fluorescence intensity) indicates the fluorescence intensity of positively
stained sample/the fluorescence intensity of its isotype control. Mean
fluorescence intensity was calculated using the fluorescence intensity of
staining for mAbs to Fas or FasL and isotype-matched control measured
by flow cytometry. Five SS patients and four healthy controls were
analyzed. D: Anti-Fas mAb-stimulated apoptosis showed significant de-
crease in CD4� T cells from SS patients than those from healthy control.
Moreover, anti-Fas mAb-stimulated apoptosis decreased more signifi-
cantly in CD4� T cells from SS patients pulsed with AFN peptide, than
those with nonpulsed cells (*P � 0.05, **P � 0.01; Student’s t-test). Five
SS patients and four healthy controls were analyzed.

1056 Miyazaki et al
AJP October 2005, Vol. 167, No. 4



been reported in SS,28 –30 the pathogenic roles of the
autoantigens in initiation and progression of SS are still
unclear.

The specificity of cytotoxic T-lymphocyte function
has been an important issue of organ-specific autoim-
mune response, but little is known about the events
triggering T-cell invasion of the target organs in pre-
lude to organ-specific autoimmune diseases. In insu-
lin-dependent diabetes mellitus, the role of environ-
mental factors,31,32 the nature of the initiating T
cell,33,34 and the identity of the inciting antigen(s)35

have all been vigorously debated. When we analyzed
the mechanisms of �-fodrin cleavage in the SS salivary
glands, infiltrating mononuclear cells bear a large pro-
portion of CD4� and Fas ligand (FasL), and the salivary
gland duct cells constitutively possess Fas. In partic-
ular, cleavage products of 120-kd �-fodrin were fre-
quently detected in the salivary gland duct cells with
SS, but not in control salivary glands. Thus, we pro-
vided evidence suggesting that Fas-mediated apopto-
sis may be involved, in part, in in vivo �-fodrin cleavage
in SS salivary glands. Moreover, it has been suggested
that �-fodrin cleavage triggered by estrogen defi-
ciency plays an important role in the development of
autoimmune exocrinopathy in SS. Experimental studies
of ours demonstrated a significant apoptosis associ-
ated with �-fodrin cleavage in the salivary gland cells
of estrogen-deficient healthy C56BL/6(B6) mice, and
inflammatory lesions developed exclusively in the sal-
ivary and lacrimal gland after the adoptive transfer with
�-fodrin-reactive T cells in both ovariectomized
(Ovx)-B6 and Ovx-SCID mice.36 Reduction of the intact
form of �-fodrin in the affected glands suggests that
elicitation of autoreactivity against �-fodrin could be
the primary pathogenetic process that leads to tissue
destruction. However, based on the fact that �-fodrin is
a ubiquitous protein, and that the tissue destruction is
confined to exocrine organs, it might be more reason-
able to speculate that other undetermined tissue-spe-
cific target antigens in exocrine glands could be the
primary target of the disease process mediated by
pathogenic T cells. Nevertheless, production of auto-
antibodies and proliferative T-cell responses against
cleavage product of �-fodrin, which does not take
place under physiological conditions, might be an im-
portant clue that could shed light on the novel mech-
anisms by which tissue-specific apoptosis contributes
to the disease development.

It has been reported that calpain is overactivated in
autoimmune conditions, and subsequent tissue de-
struction.37,38 Moreover, the cascade of caspases is a
critical component of the cell death pathway,39 – 41 and
a few proteins have been found to be cleaved during
apoptosis. These include poly (ADP-ribose) polymer-
ase, a small U1 nuclear ribonucleoprotein, and �-fo-
drin, which were subsequently identified as substrates
for caspases.27,42 Anti-Fas-induced cleavage of �-fo-
drin in Jurkat cells produces a predominant 120-kd
fragment, and the 120-kd fragment is consistent with a
previously reported caspase 3-mediated DETD cleav-
age site within the protein.20,21 Although the relevance

of cleavage of structural proteins, including gelsolin,
actins, lamins, and fodrins, is easily conceivable,43 the
functional importance is not yet clear. Our data provide
evidence that �-fodrin in human HSY cells is cleaved
into 120-kd fragment by apoptotic proteases including
calpain and caspases. When we investigated whether
cysteine proteases are involved in �-fodrin cleavage,
anti-Fas-treated HSY cells were positive for mAb to
�-calpain, and caspase 3 in association with apopto-
sis. However, we demonstrated here that calpastatin,
an endogenous inhibitor of calpain, was shown to be
constitutively expressed, speculating that �-calpain
activity could be considerably affected during apopto-
sis in HSY cells. A combination of calpain inhibitor
peptide and caspase inhibitors (Z-VAD-fmk) entirely
blocked the formation of 120-kd �-fodrin. When both
full-length caspase 3 and �-calpain cDNAs were tran-
siently overexpressed in HSY cells, a cleavage product
of 120-kd �-fodrin was abundantly identified than the
level of expression of caspase 3 or �-calpain in cells
transfected with each construct. These data suggest
that both �-calpain and caspase 3 are required for
specific �-fodrin proteolysis into the 120-kd fragment in
human salivary gland cells with SS.

In this study, we detected proliferative T-cell re-
sponses to AFN protein (JS-1) of SS patients with short
duration (within 5 years) from the onset of the disease
were significantly higher than those with long duration
(more than 5 years). Proliferative responses to autoan-
tigen with younger SS patients (40 to 50 years of age)
were significantly higher than those with older SS pa-
tients (60 to 70 years of age). Moreover, significant
proliferative responses to �FN protein were observed
in SS patients with higher pathological score (grade 4)
than those with lower score (grade 2 or grade 3). These
data are suggestive of clinicopathological usefulness
of AFN immunoreactivity with SS patients for disease
severity in addition to diagnostic significance. Because
we have detected proliferative response to AFN pep-
tides using PBMCs from SS patients, it is feasible for
the future possibility that a peptide analogue of AFN
could be used as a therapeutic agent. On the other
hand, Fas/FasL interaction down-regulates the immune
response by inducing apoptosis because activated
lymphocytes express both Fas and FasL.44 CD4� T
cells from PBMCs with SS patients induce Th1 cytokine
(IL-2, IFN-�) when pulsed with each peptide, suggest-
ing that the autoantigen peptide may play an important
role in Th1/Th2 balance in vivo. Moreover, AFN peptide-
pulsed CD4� T cells down-regulate Fas-mediated
apoptosis. Although antigen-induced T-cell death is
known to be regulated by CD4 expression,45 molecular
mechanisms responsible for T-cell death should be
further elucidated. Our previous findings support the
notion that Fas-mediated T-cell death is down-regu-
lated by autoantigen stimulation in the murine SS
model.46 Here we demonstrated that AFN peptide stim-
ulation results in a significant decrease in anti-Fas-
induced CD4� T-cell apoptosis. However, it remains
unclear whether T cells specific for endogenous
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epitopes play a significant pathological role in tissue
damage during the clinical episodes.

Taken together, our results suggest that 120-kd �-fo-
drin, the apoptosis-associated breakdown product, may
have an important role in the development of SS, and that
the autoantigen is a novel participant in the regulation of
Th1/Th2 balance and peripheral tolerance.
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