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Anti-Ro/SSA Antibodies May Be Responsible for Cerebellar
Degeneration in Sjogren’s Syndrome
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Abstract

Background: Neurological disorders have been identified to be a
common extraglandular manifestation of Sjogren’s syndrome (SjS).
Central nervous system (CNS) symptoms appear in about 5% of pa-
tients with SjS. However, so far, only a few incidences of cerebellar
degeneration have been reported, and the clinical features and path-
ological mechanisms associated with SjS remain to be unclear. In-
tramedullary production of anti-Ro/anti-SjS-related antigen A (SSA)
has been observed in some patients with SjS patients who have CNS
involvement, suggesting the involvement of anti- Ro/SSA antibodies
as antineuronal antibodies in previous studies.

Methods: We recently treated cerebellar degeneration in a patient with
SjS. We analyzed the serum and cerebrospinal fluid (CSF) in order
to detect anti-Ro/SSA and anti-La/anti-SjS-related antigen B (SSB)
antibodies. We also searched the literature for previous case reports
to evaluate the characteristics of cerebellar degeneration in patients
with SjS. First, we have studied in mouse brain tissue and examined
whether the Ro/SSA (Ro52/tripartite motif protein (TRIM)21) protein
was expressed in the cerebellum of mice using immunohistochemistry.

Results: Although all patients that we found in the literature review
and our patient 1 were positive for anti-Ro/SSA antibodies, some pa-
tients were also negative for anti-La/SSB antibodies. Anti-Ro/SSA
antibodies were observed in both serum and CSF; however, anti-Ro/
SSA antibodies were negative in the CSF of patients with SjS with-
out CNS involvement. Cerebellar atrophy was observed, and sequelae
remained in the majority of patients. Autopsy findings indicated a se-
lective loss of Purkinje cells. Ro52/TRIM21 expression was also de-
tected throughout murine brains, including the hippocampus, cerebral
cortex and cerebellum. High Ro52/TRIM21 expression was observed
in the Purkinje cells.

Conclusions: We described the characteristics of cerebellar degen-
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eration in patients with SjS and Ro52/TRIM21 expression in the
Purkinje cells of murine cerebellar tissue sections. These outcomes
indicate that anti-Ro/SSA antibodies were likely responsible for cer-
ebellar degeneration in patients suffering from SjS.
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Introduction

Sjogren’s syndrome (SjS) has been defined as an autoimmune
disease in which the exocrine glands, primarily the salivary
glands, are damaged. In addition, SjS is known to affect a wide
variety of organs, including the skin, joints, nervous system,
lungs, kidneys and digestive tract [1]. In particular, peripheral
and central neurological symptoms can be evident in about
15% and 5% of patients with S;jS, respectively [2]. In the past
decade, central nervous system (CNS) involvement in SjS has
been observed more commonly than initially suspected, with
disorders that include encephalitis, cognitive disorders, men-
ingitis, myelitis and cerebellar degeneration. However, only a
few reports of cerebellar degeneration have been described,
and its clinical features and pathological mechanisms associ-
ated with SjS are yet to be determined.

Anti-Ro/anti-SjS-related antigen A (SSA) and anti-La/
anti-SjS-related antigen B (SSB) antibodies have been identi-
fied to be essential for the classification of SjS during diagnos-
tic workups [3]. On the basis of molecular weights, Ro/SSA
and La/SSB antibodies target three cellular proteins, namely,
Ro52 (also referred to as tripartite motif protein (TRIM)21),
Ro60 and La48 [3]. Intramedullary production of anti-Ro52/
TRIM21 antibodies has been observed in some patients with
SjS who have CNS involvement, suggesting the involvement
of anti-Ro52/TRIM21 antibodies as antineuronal antibodies,
and it has been reported that cerebrospinal fluid (CSF) anti-Ro/
SSA antibodies can serve as a biomarker for SjS-related CNS
involvement [4]. However, an understanding on the molecular
and pathological mechanisms behind autoantibodies in CNS
manifestations of SjS, including cerebellar degeneration, re-
mains to be lacking; thus, further investigations are required to
clarify their associations.

We recently treated cerebellar degeneration in a patient
with SjS. We analyzed serum and CSF to determine any pres-
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ence of anti-Ro/SSA and anti-La/SSB antibodies. We also per-
formed a literature review to assess the clinical characteristics,
diagnostic methods and therapeutic strategies used for patients
with SjS who have cerebellar degeneration. Moreover, we ex-
amined the expression of autoantigens (potential autoantibody
target sites) in the murine cerebellar tissue sections to elucidate
the molecular and pathological mechanisms of cerebellar de-
generation in these patients.

Materials and Methods

Patients

Written informed consent was obtained from the patients in
these case presentations, including for the accompanying im-
ages in the figures.

Patient 1 (SjS with cerebellar degeneration)

A 36-year-old male patient with progressive gait imbalance for
2 weeks was admitted to our neurology department. He had no
family history of gait disturbance and neurological disorders
and no history of exposure to toxins or drugs. The neurological
examination revealed dysarthria, dysmetria in both legs, ataxic
gait and inability to walk without assistance due to several
cerebellar ataxia affecting all limbs and trunk. His scale for
the assessment and rating of ataxia score, in which < 8 points
indicates the ability to walk unassisted, was 24.5. His muscle
strength and sensory examinations were normal, and his deep
tendon reflexes were normoactive. He did not have nystagmus
or cognitive impairment. Laboratory evaluation revealed high
serum anti-Ro/SSA and anti-La/SSB antibody levels (> 1,200
and 198 U/mL, respectively) and antinuclear antibody (ANA)
positivity (1:80). He was negative for anti-dsDNA, anti-Sm
and anti-phospholipid (cardiolipin and B2 glycoprotein) anti-
bodies. Paraneoplastic (anti-Hu, nti-Ri, anti-Yo, anti-Tr, anti-
PNMAZ2 and anti-CV2), anti-GAD and anti-thyroglobulin an-
tibodies were not detected. Both Schirmer’s and fluorescein
tests were positive, indicating that the patient also had dry eye.
A salivary gland biopsy was then performed, revealing a lym-
phocytic infiltration around the salivary gland duct (Fig. 1a,
b). The CSF showed increased anti-Ro/SSA antibodies at 15.9
U/mL (normal range: < 7.0 U/mL) and negative anti-La/SSB
antibodies (< 1.0 U/mL). This patient was then diagnosed with
SjS according to the American-European Consensus Group’s
criteria [5]. Intravenous methylprednisolone (1 g/day) was
then administered for 3 days, and maintenance therapy with
oral methylprednisolone was continued for 4 months. In addi-
tion, the patient received intravenous immunoglobulin treat-
ments twice during his hospitalization. Four months later, the
patient had significant clinical improvement, with a scale for
the assessment and rating of ataxia score of 12. After 1 year,
brain magnetic resonance imaging (MRI) showed cerebellar
atrophy (Fig. 1¢), compared with the MRI obtained at the time
of the patient’s hospital admission (Fig. 1d).

Patient 2 (SjS with chronic inflammatory demyelinating
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polyradiculoneuropathy (CIDP))

A 53-year-old male patient was admitted to our neurology de-
partment with complaints of numbness and weakness in all
limbs, which emerged 3 years earlier and gradually worsened.
He had a history of hypertension and hyperlipidemia. His cra-
nial nerves were intact, and there were no overt symptoms of
cerebellar ataxia by neurological examination. Deep tendon
reflexes were not present in the upper and lower extremities,
and there were no pathological reflexes. Muscle atrophy and
weakness (Medical Research Center muscle scale, grade:
R4-/L4) were noted in the distal muscles of lower extremities.
Sensory disturbance (dysesthesia and hypoesthesia) was ob-
served along the dermatomes of the left chest, left abdomen,
left back and both extremities. A slight decrease in position
and vibration sense was observed in both feet. He showed a
wadding gait and inability to walk with a tandem gait. The se-
rum anti-Ro/SSA and anti-La/SSB antibody levels were 26.5
and 24.5 U/mL, respectively. The levels of ANA, anti-dsDNA,
anti-GM1 and anti-GQ1b were also within the normal limits.
He was also negative for serum anti-neutrophil cytoplasmic
antibodies (ANCAs) targeting myeloperoxidase (MPO) and
proteinase 3 (PR3). A lip biopsy showed lymphocyte infiltra-
tion around the salivary gland duct. A series of electromyo-
graphic examinations showed polyradiculoneuropathy with
demyelination, consistent with the electrodiagnostic criteria
of CIDP. CSF specimens showed increased total protein levels
(96 mg/dL), and both anti-Ro/SSA and anti-La/SSB antibod-
ies were determined to be absent (< 1.0 U/mL). Brain MRI did
not reveal abnormalities, and the patient was diagnosed with
SjS with CIDP.

We present patient 2 to show the differences between pa-
tients with SjS with peripheral nervous system (PNS) involve-
ment and those with CNS involvement (patient 1). Anti-Ro/
SSA antibodies were positive in the serum, but negative in the
CSF, in the patient with SjS who had PNS involvement with-
out CNS involvement.

Literature review

We conducted a literature review by searching PubMed for ar-
ticles from 1990 to 2019 using the keywords “Sjogren’s syn-
drome”, “cerebellar” or “cerebellum” and “Purkinje”. Several
patients with SjS who also developed cerebellar degeneration
were previously reported to undergo autopsy, including the ex-
amination of cerebellum. We reprinted and modified the photo-
micrographs of cerebellar tissue sections from a patient whose
neuropathological findings in cerebellum were reported by
Nanri et al, with permission from the publisher ([6], figure 4,
Creative Commons CC BY). We compared the cerebellar tissue
section of that patient with a healthy human cerebellar tissue
section.

Immunohistochemistry

This experimental study used healthy 8-week-old C57BL/6N
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Figure 1. Patient 1 (Sjogren’s syndrome with cerebellar degeneration). (a, b) Photomicrographs of a salivary gland tissue section
showing mild lymphocytic infiltration between the acini and glands (hematoxylin and eosin stain, magnification for a: x 40, b: x
200). (c, d) Sagittal views of the brain using magnetic resonance imaging T1 sequences. (c) The MRI performed 1 year after the
initial presentation revealed cerebellar atrophy. (d) The initial MRI was unremarkable.

male mice. Animal experiments were approved by the Insti-
tutional Animal Experiment Committee of the Genostaff Co.,
Ltd, Tokyo, Japan, and complied with the Institutional Regu-
lations for Animal Experiments and Fundamental Guidelines
for the Proper Conduct of Animal Experiments and Related
Activities in Academic Research Institutions under the Min-
istry of Education, Culture, Sports, Science, and Technology.
Using immunohistochemistry, paraffin-embedded murine
sagittal sections of the brain tissue were de-paraffined with
xylene and rehydrated using graded ethanol and phosphate-
buffered saline (PBS). Antigen retrieval was performed in a
citrate buffer at pH 6 and given microwave treatment. Endog-
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enous peroxidase was blocked with 0.3% H,O, in methanol
for 30 min, followed by incubation with G-Block (Genostaff)
and an avidin/biotin blocking kit (Vector). Sections were
incubated with an anti-Ro52/TRIM21 rabbit polyclonal an-
tibody (Affinity Biosciences) at 4 °C overnight; these were
further incubated with biotin-conjugated anti-rabbit Ig (Dako)
for 30 min at room temperature, followed by the addition of
peroxidase-conjugated streptavidin (Nichirei) for 5 min. Per-
oxidase activity was visualized using diaminobenzidine stain-
ing. The sections were counterstained with Mayer’s hematox-
ylin (MUTO), were dehydrated and then were mounted with
malinol (MUTO).
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Results

Characteristics of cerebellar degeneration in patients with
SjS

We found 14 patients with previously reported SjS, including
our patient 1, who also had developed cerebellar degenera-
tion [6-18]. The characteristics of cerebellar degeneration in
patients with SjS are provided in Table 1. The average age of
onset was 48.9 + 19.4 years. The male/female ratio was over-
whelmingly female, with three men and 11 women. Cerebellar
atrophy was observed with brain MRI in the majority of the
patients as the disease progressed (12/14 cases). Three main
symptoms suggested cerebellar disturbances: ataxia (14/14
cases), nystagmus (6/14 cases) and dysarthria (10/14 cases).
A few patients had been diagnosed with SjS (2/14 cases), and
many patients presented with cerebellar degeneration as the
first manifestation of SjS, as did our patient 1.

In many case reports, steroid or immunosuppressive thera-
pies were provided, and, despite the relatively good therapeu-
tic responses to this type of therapy, sequelae remained in 11
of the 14 patients, including our patient 1. In the majority of
patients, cerebellar atrophy was observed after the onset of
neurological symptoms (12/14 cases). Interestingly, Nanri
et al reported on their SjS patient with cerebellar degenera-
tion found on autopsy [6]. This patient had a selective loss of
Purkinje cells, had no apparent degenerative changes in the
efferent pathways, such as the dentate or vestibular nuclei and
had no prominent inflammatory reaction (Fig. 2).

The most notable finding in the literature review was the
positive rate of autoantibody detection (Table 1). Although an-
ti-Ro/SSA antibodies in the serum were positive in all patients,
anti-La/SSB antibodies in the serum were negative in five of
the 14 patients [7, 12, 16-18]. In addition, our patient 2, who
had SjS with PNS involvement but no CNS involvement, was
negative for both anti-Ro/SSA and anti-La/SSB antibodies in
the CSF. These findings suggest that anti-Ro/SSA antibodies,
but not anti-La/SSB antibodies, are involved in the pathology
of SjS-related cerebellar degeneration. Therefore, first, we
have studied in mouse brain tissue and examined whether the
Ro/SSA (Ro52/TRIM21) protein was expressed in the cerebel-
lum of mice using immunohistochemistry.

Ro052/TRIM21 expression in the murine brain

We demonstrated that Ro52/TRIM21 expression was easily
detected throughout the brain, including the hippocampus,
cerebral cortex and cerebellum (Fig. 3a) and that the control
antibody did not exhibit any specific staining patterns (Fig.
3b). Ro52/TRIM21 expression was clearly detected in the mu-
rine cerebellum using anti-Ro52/TRIM21 antibodies (Fig. 4a)
as compared with the negative staining using normal rabbit Ig
(Fig. 4b). In particular, high Ro52/TRIM21 expression was ob-
served in the cytoplasm of Purkinje cells (Fig. 4a), suggesting
that Ro52/TRIM21-expressing cells in the cerebellum are ma-
jor targets for anti-Ro52/TRIM21. In addition, Ro52/TRIM21

Table 1. The Clinical Manifestations of Sjogren Syndrome Patients With Cerebellar Degeneration From Our Literature Review

Therapy Prognosis

diagnosis of SjS?

Anti-Ro/ Anti-La/ Ataxia Nystag- Dysar- Cerebellar Previous
SSA SSB mus thria atrophy

ANA

Dry eye/ Labial gland
mouth  biopsy

+-

Year/
sex/age

Author

Pre

NP

1994/M/61
2002/F/55
2004/F/16

Terao et al [7]

Pre

+-

Owada et al [8]

Pre
Pre

-

Wong et al [9]

A
A

2004//F/69
2007/F/56
2008/F/65
2011/F/84
2012/F/46
2013/F/44

Ichikawa et al [10]
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S
I
Pre HCQ P

Pre IVIG R
Pre

None
IVIG

++
A

++
++

Collison and Rees [11]
Milic and Ostojic [12]

Nanri et al [6]
Kim et al [13]
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NP
NP

Chen et al [14]

1

Pre CTX

2014/M/64  +/-
2016/F/30
2017/F/36
2018/F/22

Sharma et al [15]

Pre CTX S

NP

++
++

Farhat et al [16]

Pre CTX S

Maciel et al [17]

Pre CTX R
Pre IVIG

+/-

Heidary et al [18]

Our case

I

2020/M/36  +/+

aWhether the diagnosis of SjS had been made prior to the onset of cerebellar degeneration. SjS: Sjogren’s syndrome; M: male; F: female; NP: not performed; ANA: antinuclear antibody;

Pre: prednisolone; IVIG: intravenous immunoglobulin; HCQ: hydroxychloroquine; CTX: cyclophosphamide; R: remission; I: improvement; S: stable; P: progression.
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Figure 2. A selective loss of Purkinje cells in a patient with Sjogren’s syndrome with cerebellar degeneration. The patient was
an 84-year-old woman who presented with nystagmus, dysarthria and ataxia in all limbs. Anti-Ro/SSA antibodies concentrations
were determined to be > 500 U/mL, and anti-La/SSB antibodies were 41.1 U/mL. Intravenous immunoglobulin therapy was
moderately effective. The patient died of pneumonia at age 85 years; an autopsy was then performed [6]. (a) A photomicrograph
shows a mild-to-moderate decrease in the number of Purkinje cells in association with mild Bergman gliosis elsewhere in the cer-
ebellar cortex. (b) This photomicrograph shows a normal human cerebellar tissue section with an appropriate number of Purkinje
cells. Hematoxylin and eosin stain. The photomicrographs of tissue sections from this patient were reprinted and modified with
permission from the publisher ([6], figure 4, Creative Commons CC BY). Arrowheads indicate Purkinje cells.

expression also was detected in the cytoplasm of the neurons
on the cortex (Fig. 5a) and the hippocampus (Fig. 5b), and high
levels of staining were observed using anti-Ro52/TRIM21 an-
tibodies in the cytoplasm of the neurons in the CA3 region of
the hippocampus on high magnification image (Fig. 5c).

Discussion

The most notable findings in this study were as follows: 1)
Although anti-Ro/SSA antibodies were found in all patients,
there were patients in whom anti-La/SSB antibodies were neg-
ative; 2) Anti-Ro/SSA antibodies were observed in both the
serum and CSF; 3) In the SjS patient who had PNS involve-
ment without CNS involvement (our patient 2), anti-Ro/SSA
antibodies were negative in the CSF; 4) Cerebellar atrophy
was observed after the onset of cerebellar degeneration in pa-
tients with SjS, and sequelae have remained in most cases; 5)
A selective loss of Purkinje cells was found in the histological
sections of the brain in one patient with cerebellar degenera-
tion; 6) Ro52/TRIM21 expression was detected throughout the
murine brain, including the hippocampus, cerebral cortex and
cerebellum; and 7) High Ro52/TRIM21 expression was ob-
served in Purkinje cells.

In the literature review, we were able to determine that all
patients had anti-Ro/SSA antibodies, but some of those were
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negative for anti-La/SSB antibodies. This finding was coun-
ter to studies showing that anti-La/SSB antibodies are usually
present with anti-Ro/SSA antibodies in serum, while anti-Ro/
SSA antibodies could be detected without the presence of anti-
La/SSB antibodies, suggesting the latter antibodies are not as-
sociated with the pathophysiological mechanism of cerebellar
degeneration in SjS.

Furthermore, anti-Ro/SSA antibodies were observed in
both the serum and CSF of our patient 1 but were negative in
the CSF of our patient 2 who did not have CNS involvement. It
is essential to detect antineuronal autoantibodies in the CSF of
patients with autoimmune diseases of the CNS. The presence
of anti-Ro/SSA antibodies in the CSF suggests that there is a
disruption of the blood-brain barrier, that autoantibody-medi-
ated neuroinflammation is involved in the pathophysiological
mechanisms of CNS disease, and that an immune-mediated
neurological disease is likely [19].

Anti-Ro/SSA antibodies are typically described as being
associated with SjS; they have been determined to have differ-
ential actions by two target proteins, Ro52/TRIM21 (52 kDa)
and Ro60 (60 kDa), that are biochemically and immunologi-
cally distinct [20]. The seropositivity prevalence rates were ap-
proximately 70% for anti-Ro52/TRIM21 antibodies, 40% for
anti-Ro60 antibodies and 50% for anti-La/SSB antibodies; in
addition, 63.2% of the patients with anti-Ro52/TRIM21 anti-
bodies in serum also had anti-Ro60 antibodies [3, 21].
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Figure 3. Photomicrographs of immunohistochemistry of a sagittal sec-
tion of the murine brain. (a) The section is stained with a commercially
available anti-Ro52/TRIM21 antibody showing Ro52/TRIM21 expres-
sion throughout the entire brain, including the hippocampus, cerebral
cortex and cerebellum. (b) Negative control using an unrelated control
antibody (anti-rabbit Ig) showing a lack of background staining (coun-
terstain: hematoxylin).

Clinical findings have been shown to be different between
the patients with anti-Ro52/TRIM21 and anti-Ro60 antibod-
ies [20]. The Ro52/TRIM21 gene is 8.8 kb in size, located on
chromosome 11, and is a cytoplasmic protein that belongs to
the TRIM family. This protein has been identified to be in-
volved in protein ubiquitination, proinflammatory states (in-
terleukin 2) and apoptotic mechanisms; is suggested to play
an important role in the regulation of inflammatory responses;
and is upregulated at sites of autoimmune inflammation [22].
According to one study, intrathecal production of anti-Ro52/
TRIM21 antibodies was observed in patients with SjS with
CNS involvement [4]. In addition, Ro52/TRIM21 was recog-
nized by anti-Hu antibodies, which are onconeural antibodies
for paraneoplastic neurological syndromes, including paraneo-
plastic cerebellar degeneration [23].

Although these results suggest that the Ro52/TRIM2 pro-
tein is involved to a greater extent in SjS-related cerebellar de-
generation compared with the Ro60 protein, to the best of our
knowledge, the distribution of this protein in the human brain
remains to be unknown. In this study, we demonstrated that
Ro52/TRIM21 was expressed throughout the murine brain,
including the hippocampus, cerebral cortex and cerebellum.
Moreover, because the histopathological hallmark of autoim-
mune cerebellar degeneration is a severe loss of Purkinje cells
[24], we might be able to confirm this point from the results of
our immunohistochemistry analysis and previous autopsy case
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Figure 4. Photomicrographs of immunohistochemistry on murine cer-
ebellar tissue sections. (a) Ro52/TRIM21 expression is shown using
an anti-Ro52/TRIM21 antibody, but (b) is not present after staining
with an anti-rabbit Ig (negative control). High Ro52/TRIM21 expression
was observed in the cytoplasm of Purkinje cells. Arrowheads indicate
representative Purkinje cells (magnification: x 40, counterstain: hema-
toxylin).

report [6]. Although the pathogenic mechanisms of autoanti-
bodies against Ro/SSA in autoimmune disease has remained
unclear, the hypothesis exists that anti-Ro/SSA antibodies
might cause direct damage to cells and that anti-Yo antibodies,
which are onconeural antibodies, are associated with paraneo-
plastic cerebellar degeneration [25, 26].

Some studies have reported that anti-Ro52/TRIM21 au-
toantibodies can penetrate the cytoplasm and inhibit the function
of the Ro52/TRIM21 protein, which negatively regulates proin-
flammatory cytokines and degrades Ro52/TRIM21 E3 ubiquitin
ligase activity [27, 28]. Furthermore, as anti-Ro/SSA antibodies
were identified in the CSF of the patients with SjS with cerebel-
lar degeneration, it is possible that these antibodies might attack
Purkinje cells, reducing Purkinje cell functions and activities,
and can cause symptoms of neurological degeneration, resulting
in cerebellar atrophy. Several reports have shown the presence
of serum anti-Ro/SSA antibodies in patients with SjS with lim-
bic encephalitis [11, 29]. We demonstrated that Ro52/TRIM21
was expressed in the neurons of the cortex and hippocampus,
which might indicate that anti-Ro/SSA antibodies are involved
in other CNS diseases in addition to cerebellar degeneration.

The limitations of this study include the need for proof
that anti-La/SSB antibodies are completely unrelated with
SjS with cerebellar degeneration. The number of cases is so
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Figure 5. Photomicrographs of immunohistochemistry on other regions of the murine brain using the anti-Ro52/TRIM21 antibody.
Cells that stained positively with the anti-Ro52/TRIM21 antibody were observed throughout (a) the cerebral cortex and (b) the
hippocampus (magnification: x 20). (c) High magnification image representing the CA3 region of the hippocampus (magnifica-

tion: x 40, counterstain: hematoxylin).

small that it is difficult to present the difference in positive
rates between anti-Ro/SSA and anti-La/SSB as statistically
significant. However, the observation that anti-Ro/SSA anti-
bodies are positive in all patients with cerebellar degeneration
while anti-La/SSB are negative in a minority is thus especially
important. The strengths of this study include experimental re-
sults that high Ro/SSA expression was observed in Purkinje
cells, which supports the hypothesis that Ro/SSA is involved
in the pathology of cerebellar degeneration with SjS. Further
studies are required to clarify the relevance of SjS to cerebellar
degeneration and the pathogenic mechanisms of the antineu-
ronal antibodies against Ro/SSA to determine how they may
cause CNS dysfunction.

Conclusion

In this literature review and the analysis of our patients in the
case studies, we evaluated the characteristics of cerebellar de-
generation associated with SjS. We found high Ro52/TRIM21
expression in the Purkinje cells in the histological sections of
the cerebellum. Thus, we can conclude that anti-Ro/SSA anti-
bodies are the antineuronal antibodies involved in the cerebel-
lar degeneration of patients with SjS and that the finding of
anti-Ro/SSA antibodies in CSF might serve as a useful bio-
marker for SjS-related CNS diseases in the clinical setting.
Additional studies are warranted to confirm these observations
and to clarify the molecular and pathological mechanisms of
Ro/SSA antibodies as antineuronal antibodies. Finally, deter-
mining how these autoantibodies cause CNS dysfunction is
also necessary.
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