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Sjögren’s syndrome (SS) is a chronic autoimmune disorder
of unknown etiology affecting mainly the lacrimal and sali-
vary glands1,2. Lymphocytic infiltration of the lacrimal and
salivary glands leads to dry mouth (xerostomia) and dry
eyes (xerophthalmia). SS is regarded as a disease of adult-
hood, commonly affecting middle aged women3. The onset
of SS in childhood has been thought to be rare4-7. Recently,
however, juvenile SS has been considered to be more
frequent than previously suspected8,9. Further, the clinical
features of juvenile SS differ slightly from those of adult SS.
Comparatively, a lower frequency of subjective symptoms
of dryness is characteristic of juvenile SS8,10-12. It is
unknown whether this difference in clinical findings
between juvenile SS and adult SS is related to some differ-

ence in their pathogenesis. Recently, Haneji, et al purified a
candidate organ-specific autoantigen from the salivary
gland tissue of a NFS/sld mouse model of human SS13. The
amino-terminal residues of the 120 kDa autoantigen were
identical to the NH2-terminal sequence of α-fodrin. It was
also reported that in the non-obese diabetic (NOD) mouse
model of SS, the specific anti-120 kDa α-fodrin immune
response was observed in the development of autoimmune
sialadenitis14. Moreover, antibodies against 120 kDa α-
fodrin are highly detected in sera from adult patients with
SS, but not in sera from patients with other autoimmune
diseases or from healthy controls13,15. Therefore, it was
suggested that the 120 kDa α-fodrin molecule may be an
important autoantigen in the pathogenesis of SS. We exam-
ined the prevalence of anti-α-fodrin antibody in juvenile SS
to determine whether 120 kDa α-fodrin is involved in the
pathogenesis of juvenile SS as it is in adult SS. We also
investigated whether anti-α-fodrin antibody is a reliable
diagnostic marker for juvenile SS, and the presence of anti-
α-fodrin antibody is associated with some clinical and labo-
ratory findings. To our knowledge, this is the first report to
investigate the relationship between α-fodrin and juvenile
SS.

MATERIALS AND METHODS
Subjects. We studied 15 patients with juvenile onset SS (12 girls, 3 boys)
who were diagnosed and followed at the Pediatric Department of
Kagoshima University Hospital. Eleven patients had primary SS and 4 had
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secondary SS with other autoimmune disorders. Three of the patients had
secondary SS associated with systemic lupus erythematosus (SLE); in the
fourth patient, secondary SS was associated with mixed connective tissue
disease. The diagnosis of SS was based on preliminary criteria for the clas-
sification of SS16 with some modifications, as described10. Subjective
symptoms documenting dryness are not common in juvenile SS, so the
diagnosis of SS was made mainly according to objective findings such as
laboratory abnormalities, parotid sialography, and minor salivary gland
biopsy. All 15 patients had histopathological findings typical of and/or
sialographic changes in salivary glands consistent with SS. Three patients
were being treated with prednisolone while they were enrolled in this study.
For comparison with patients with juvenile SS, we tested 16 children who
met the American College of Rheumatology criteria for SLE17 as disease
controls. All investigations were carried out with informed consent.

Serological investigations. Laboratory evaluations for each patient were
performed as follows: rheumatoid factor (RF) by nephelometric method;
antinuclear antibodies (ANA) by indirect immunofluorescence on HEp-2
cells; anti-SSA/Ro, anti-SSB/La, anti-Sm, and anti-RNP antibodies by
ELISA (MBL, Nagoya, Japan); antibodies to single stranded and double
stranded DNA by ELISA (Dia-iatron, Tokyo, Japan).

Western blotting. A recombinant human 120 kDa α-fodrin fusion protein,
constructed by the glutathione S-transferase (GST) fusion system in
Escherichia coli as described13, was used as the antigen source for the
immunoblot. In brief, JS-1 cDNA18, which encoded the NH2 1-1 terminal
portion of human α-fodrin, was constructed by inserting cDNA (base pairs
1–1784) into the Eco RI site of plasmid pGEX-2T. Then GST and recom-
binant JS-1-GST fusion protein were expressed and purified with a GST
gene fusion system (Pharmacia) as described19. Recombinant JS-1 fusion
protein (97 kDa) was electrophoresed on sodium dodecyl sulfate 7.5%
polyacrylamide gels and transferred to nitrocellulose membranes
(Schleicher & Schuell, Keene, NH, USA). Immunoblots were processed as
described13, with human serum used as the primary antibody at a dilution
of 1:100. The second antibody was a horseradish peroxidase conjugated
goat anti-human IgG Fab’ (diluted 1:5000; IBL, Gunma, Japan). Detection
of reactivity was analyzed using ECL Western blotting detection reagents
(Amersham International, Princeton, NJ, USA). GST, a component of the
JS-1 fusion protein, was used as a negative control protein. Anti-GST
antibody was purchased from Upstate Biotechnology (Lake Placid, NY,
USA).

RESULTS
The mean age of our 15 patients at the onset of symptoms
was 11.6 years (range 5.3–14.5 yrs). The mean duration of
illness was 1.6 years (range 0.1–11.9 yrs). Eight of the 15
patients were at the early stage of the disease, that is, within
3 months from disease onset.

Western blot analysis results of recombinant JS-1-GST
fusion protein with serum samples from representative
patients are shown in Figure 1. All serum samples from the
15 patients with juvenile SS reacted with the JS-1-GST
fusion protein. In contrast, the reactivity was detected in
only 2 of 16 patients in the SLE group. To exclude the possi-
bility that positive sera might have bound to GST protein
(which is a component of the JS-1-GST fusion protein), the
reaction between sera and GST protein alone was examined.
As shown in Figure 2, the serum sample from the represen-
tative SS patient reacted with JS-1-GST fusion protein, but
not with GST protein. None of the remaining serum samples
exhibited reactivity to GST protein. Therefore, it was
confirmed that positive sera reacted specifically to the

portion of JS-1 that encodes the NH2 1-1 terminal portion of
human α-fodrin.

Clinical features of SS patients in which the anti-α-fodrin
antibody was examined are shown in Figure 3. Subjective
manifestations of dryness such as xerophthalmia or xeros-
tomia were observed in only 4 of 15 patients (26.7%), and
objective examination for dryness, such as Schirmer test,
Rose-Bengal test, and measurement of salivary flow,
showed abnormality in 6 of 15 patients (40.0%). The most
common clinical manifestation was salivary gland enlarge-
ment (10 patients, 66.7% of cases). Salivary gland enlarge-
ment, fever, and annular erythema seem to be characteristic
symptoms in patients with primary SS. Laboratory findings
of patients with juvenile SS showed a higher frequency of
ANA, anti-SSA/Ro antibody, RF, accelerated erythrocyte
sedimentation rate (ESR), and hypergammaglobulinemia.
Anti-SSB/La antibody seemed to be specific for primary SS.
The patients with salivary gland enlargement did not always
show elevated serum levels of amylases. Serum comple-
ment (C3 and C4) and C-reactive protein were within
normal limits in all patients with SS. The 2 patients with
SLE possessing the anti-α-fodrin antibody did not have
symptoms suggesting SS. Both patients had elevated ESR
and were positive for ANA and anti-SSA/Ro antibodies, and
were negative for RF and anti-SSB/La antibodies. Neither
had hypergammaglobulinemia.

DISCUSSION
Fodrin is an actin-binding cytoskeletal protein that has been
postulated to play a pivotal role in secretion20,21. It forms
heterodimers composed of α (240 kDa) and ß (235 kDa)
subunits. The α subunit is cleaved in association with apop-
tosis, and the 120 kDa fragment is a breakdown product of
α-fodrin22,23. We detected the anti-120 kDa α-fodrin anti-
body in all patients with juvenile onset SS. It has been
reported that autoimmune response against 120 kDa α-
fodrin may play a critical role in the development of adult
SS13,14. Our findings raise the possibility that the pathogen-
esis of juvenile onset SS is the same as that of adult SS.
However, the clinical features of our patients with juvenile
SS differed from those of adult SS. In patients with juvenile
SS, low frequencies of subjective symptoms of dryness were
remarkable despite the high prevalence of salivary gland
enlargement; positivity for ANA, RF, anti-SSA/Ro and/or
SSB/La; hypergammaglobulinemia; and elevated ESR.
These findings are compatible with previous reports on
juvenile SS8-11,24,25. The association of anti-α-fodrin anti-
body with RF positivity and hyperglobulinemia was
reported in a previous study15. Similarly, in our patients with
anti-α-fodrin antibody, a high prevalence of both RF and
hyperglobulinemia was observed. This suggests that the
anti-α-fodrin antibody may reflect potentially activated
autoimmunity in both adults and children with SS.

Considering the high prevalence of α-fodrin antibody in
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patients with juvenile SS, which suggests a similar if not
identical pathogenesis of SS in adults and children, it is
speculated that juvenile onset SS might be an early stage of
adult SS, one prior to the development of subjective symp-
toms of dryness. In support of this hypothesis, Tomiita, et al
reported that children with SS without symptoms of dryness
(so-called subclinical SS) showed the same immunological
characteristics as patients with clinical SS, and that some
patients with subclinical SS ultimately developed
exocrinopathy during the followup period11. In this regard, it
seems reasonable to consider that even subclinical SS
should be treated immediately to prevent irreversible
damage of the glands. However, the efficacy of therapeutic
intervention in juvenile SS is still controversial9,26,27. The

Figure 1. Western blot analysis of recombinant 120 kDa α-fodrin fusion protein JS-1 with sera from representa-
tive patients with juvenile onset SS and SLE. Serum samples were tested in duplicate at 1:100 dilution. Serum
samples from patients with SS, including primary SS (S1–7) and secondary SS (S8–11), reacted with JS-1
protein (predicted size was 97 kDa). Sera from SLE patients (L1–4) were negative for anti-JS-1 protein. The 70
and 50 kDa protein is an artifact band of E. coli degradation. Molecular weight markers are shown to the left.

Figure 2. Representative Western blot showing specific reactivity of serum
from a patient with SS to the portion of JS-1 of the recombinant fusion
protein. The serum from the SS patient (S1) reacted with JS-1-GST fusion
protein (lane 1), but not with prepared GST protein alone (lane 2). As a
positive control, a commercial anti-GST antibody showed reactivity to the
29 kDa GST protein (lane 3). Similarly, no serum samples exhibited reac-
tivity to GST protein by Western blot analysis. Molecular weight markers
are shown to the left.

←
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usefulness of therapy for subclinical SS in children remains
to be confirmed by additional longterm followup studies.

The clinical usefulness of anti-α-fodrin antibody has
been discussed in adult SS and neonatal lupus erythe-
matosus13,15,28. Similarly, our results raise the possibility that
determination of anti-α-fodrin antibody in serum is useful
for diagnosis of juvenile SS. Notably, the sensitivity of anti-
α-fodrin antibody in our patients with SS was higher than
that reported in adult SS13,15 (Table 1). The discrepancy in
sensitivity among studies may be due to the fact that all our
patients had typical histopathological changes in the sali-
vary glands. In addition, abnormal autoimmune response
may be much more involved in the pathogenesis of SS in
children than in adults; it is known that factors such as
aging, several kinds of viruses, and sex hormones can be a
trigger of autoimmune diseases. With regard to specificity, 2
of 16 patients with SLE revealed antibodies reacting with
120 kDa α-fodrin. Neither patient had clinical or laboratory
findings indicative of SS. However, given that neither

parotid sialography nor salivary gland biopsy were
performed, we cannot rule out the possibility that they might
have secondary SS. Further studies are needed to confirm
the specificity of anti-α-fodrin antibody in diagnosis of
juvenile SS. We believe that detection of antibodies to 120
kDa α-fodrin in patients suspected to have SS would indi-

Figure 3. Clinical features of 15 patients with juvenile SS at onset. ��: Primary SS (n = 11). �: Secondary SS (n
= 4). *Subjective symptoms of dryness such as xerostomia and xerophthalmia. †: Abnormality in Schirmer test,
Rose-Bengal test, or measurement of salivary flow. Positive limits for each test were as follows: hyper-
gammaglobulinemia: IgG ≥ 2000 mg/dl; high amylase: ≥ 130 IU/l; high ESR: ≥ 20 mm/h.
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Table 1. The prevalence of anti-α-fodrin antibody in adult and pediatric
patients with Sjögren’s syndrome.

Haneji, et al13, Watanabe, et al15, This Report,
Adults (%) Adults (%) Children (%)

Primary SS 41/43 (95.3) 7/9 (77.8) 11/11 (100)
Secondary SS 5/8 (62.5) 9/15 (60.0) 4/4 (100)
SLE 0/21 (0) 3/44 (6.8) 2/16 (12.5)
RA 0/14 (0) ND ND
Healthy controls 0/15 (0) ND ND

Each value represents the number of patients with positive results over the
number of tested patients. ND: Not done.
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cate that further invasive examination, such as parotid
sialography or lip biopsy, should be considered.

Our results suggest that (1) 120 kDa α-fodrin, the apop-
tosis associated breakdown product, may have a role in the
development of juvenile SS similar to its role in adult SS;
and (2) the anti-α-fodrin antibody is likely to be a useful
diagnostic marker for juvenile SS. However, at present we
have no substantive data confirming these possibilities.
Further investigations are necessary to determine the role of
120 kDa α-fodrin in the pathogenesis of juvenile SS and the
utility of anti-α-fodrin antibody as a diagnostic marker.
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