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Antibodies in patients with neuropsychiatric

systemic lupus erythematosus

ABSTRACT

Objective: To investigate a target for antibodies in patients with neuropsychiatric systemic lupus
erythematosus (NPSLE).

Background: Pathogenesis of NPSLE may be related to autoantibody-mediated neural dysfunc-
tion, vasculopathy, and coagulopathy. However, very few autoantibodies are sensitive and spe-
cific to NPSLE because the neuropsychiatric syndromes associated with SLE are diverse in cause
and presentation.

Methods: We identified antibodies against brain antigens in the sera of 7 patients with NPSLE and 12
healthy controls by 2-dimensional electrophoresis, followed by Western blotting and liquid chroma-
tography-tandem mass spectrometry {LC-MS/MS), using rat brain proteins as the antigen source.

Results: Six antibodies were detected in patients with NPSLE. One of these 6 antibodies was
found in antibodies against Rab guanosine diphosphate dissociation inhibitor « (aGDI) (which is
specifically abundant in neurons and regulates synaptic vesicle exocytosis) in patients with
NPSLE with psychosis. We tested more samples by 1-dimensional immunoblotting of human re-

combinant aGDI. Positivity of the anti-aGDI antibody was significantly higher in patients with
NPSLE with psychosis (80%, 4 of 5) than in patients with NPSLE without psychosis {0%, O of
13), patients with systemic lupus erythematosus without neuropsychiatric symptoms (5.3%, 1 of
19), patients with multiple sclerosis (0%, O of 12), patients with infectious meningoencephalitis
{0%, O of 13), patients with polyneuropathy (0%, O of 10), patients with psychotic syndromes
{0%, 0 of 10), and healthy controls (0%, O of 12).

Conclusions: We propose that the anti-Rab guanosine diphosphate dissociation inhibitor « anti-
body is a candidate for further exploration as diagnostic marker of psychosis associated with
neuropsychiatric systemic lupus erythematosus. Neurology® 2010;74:1372-1379

Neurology and Geriatrics, Gifu
University Graduate School of
Medicine, Gifu, 1-1 Yanagido,
Gifu City, Gifu 501-1194, Japan
kimural@gijfu-u.ac.jp

GLOSSARY

1D = 1-dimensional; 2-DE = 2-dimensional electrophoresis; «GDI = Rab guanosine diphosphate dissociation inhibitor «;
ACR = American College of Rheumatology; BRAA = brain-reactive antibodies; CBB = Coomassie Brilliant Blue; LC = liquid
chromatography; LC-MS/MS = liquid chromatography-tandem mass spectrometry; NPSLE = neuropsychiatric systemic
lupus erythematosus; PAGE = polyacrylamide gel electrophoresis: PVDF = polyvinylidene difiuoride; SDS = sodium dodecyl
sulfate; SLE = systemic lupus erythematosus; TBS = Tris-buffered saline; TBST = Tris-buffered saline Tween-20.

Neuropsychiatric systemic lupus erythematosus (NPSLE) is one of the most significant manifesta-
tions of systemic lupus erythematosus (SLE). The pathogenesis of NPSLE may be related to
autoantibody-mediated neural dysfunction, vasculopathy, and coagulopathy.!? Previous studies
have demonstrated the association of autoantibodies in serum and CSF with CNS involvement in
patients with NPSLE.>> Twenty antibodies associated with NPSLE were identified by a thorough
MEDLINE search.” However, the authors of these studies concluded that specificity was lacking
among these 20 antibodies for any single neuropsychiatric manifestation.

In 1999, the American College of Rheumatology (ACR) nomenclature for NPSLE provided case
definitions for 19 neuropsychiatric syndromes observed in SLE.® Lupus psychosis (which is 1 of the
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19 neuropsychiatric syndromes) is rare, with a
reported prevalence that varies from 0% to
11%. The occurrence of psychosis in SLE is not
easy to determine reliably, because the literature
often fails to distinguish psychosis associated
with NPSLE from that associated with other
causes, such as steroid psychosis.” In this study,
we used proteomic analysis to investigate a novel
brain antigen against antibodies in sera of per-

sons with NPSLE with psychosis.

METHODS Patients and serum samples. Serum samples
were collected from 18 patients with NPSLE; 19 patients with SLE
but without neuropsychiatric symptoms; 12 patients with multiple
sclerosis; 13 patients with infectious meningoencephalitis (4 with
bacterial meningoencephalitis, 3 with cryptococcal meningoen-
cephalitis, 1 with herpes simplex meningoencephalitis, and. 5 with
viral meningitis); 10 patients with polyneuropathy (5 with chronic
inflammatory demyelinating polyneuropathy and 5 with Guillain-
Barré syndrome); 10 patients with psychotic syndromes (5 with
schizophrenia and 5 with depression); and 12 healthy controls. Di-
agnosis for patients with SLE was consistent with the revised ACR
criteria of 1997.8 We examined the neuropsychiatric syndromes of
patients with SLE in our hospital and selected those patients whose
neuropsychiatric syndromes might be caused by SLE, and not by an
opportunistic infection, another mental disorder, other abnormal
metabolic conditions, or a drug-induced disorder. The neuropsychi-
atric syndromes of patients with SLE were classified using an ACR
consensus document published in 1999.¢

For screening antibodies, comparatively specific for NPSLE
patients, we investigated all the target spots corresponding to
proteins that reacted with antibodies in the sera of 7 of the 18
patients” with  NPSLE and the 12 healthy  controls. by
2-dimensional “electrophoresis (2-DE), followed' by Western
blotting: All target spots that reacted with antibodies in the sera
of the 12 healthy controls were subtracted from the spots that
reacted with antibodies inthe sera of the 7 NPSLE patients.
After subtraction, the remaining target spots were analyzed by
liquid chromatography—tandem mass spectrometry (LC-MS/
MS). This study is explorative and was approved by the institu-
tional review board of the Gifu University Graduate School of
Medicine; Gifu City, Japan (20-16).

Preparation of tissue proteins. Under ether anesthesia, 56-
day-old Wister rats were killed. Theit cerebrums were immedi-
ately removed ‘and frozen in' dry-ice powder. The frozen brain
tissue was homogenized with a tissue homogenizer, and enriched
membrane proteins were extracted using a proteoExtract native
membrane protein extraction kit (Calbiochem, San Diego, CA).
The protein concentration was determined by Bio-Rad protein
assay, based on the Bradford method (Life Science [Research;
Education,’ Process: Separations; Food/Animal/Environment
Testing], Hercules, CA):

Two-dimensional electrophoresis and immunoblot-
ting. The samples were dissolved in DeStreak rehydration solu-
tion: (GE Healthcare Bio-Sciences; Piscataway, NJ); and loaded
onto an immobilized and rehydrated dry strip (pH 47, 13 cm
long, GE Healthcare). Up to. 100 ug of the extracted proteins
was applied to a dry strip for Western blotting: Isoeleceric focus-
ing was conducted at 20°C for 85,000 Vh; at a-maximum of
8,000V, using a horizonral ‘electrophoresis system: (Multiphor
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HI, GE Healthcare). Before separation in the second dimension,
the isoelectric polyacrylamide gel strips were equilibrated for 15
minutes in a buffer containing 2% sodium dodecyl sulfate
(SDS), 6 M urea, 30% volume by volume (v/v) glycerol, 0.001%
BPB, 50 mM Tris-HCI (pH 8.8) under reducing conditions,
with 65 mM DTT, followed by further incubation for 15 min-
utes in the same buffer under alkylating conditions with 140
mM iodoacetamide. Equilibrated isoelectric polyacrylamide gel
strips were transferred to a 12.5% polyacrylamide gel.

The run in the second dimension was done vertically, using
an electrophoresis apparatus (ERICA-S, DRC) ar a constant
voltage of 300 V for 2 hours. After the electrophoresis, the SDS-
polyacrylamide gel electrophoresis (PAGE) gels were stained
with Coomassie Brilliant Blue (CBB) (GelCode Blue Stain Re-
agent, Pierce) or used for protein transfer onto polyvinylidene
difluoride (PVDF) membranes. The separated proteins were
electrophoretically transferred to a PVDF membrane at 0.8 mA/
em” for 1 hour, using a semidry blotting apparatus (TE77 PWR
Semi-Dry Transfer: Unit; GE Healthcare). The PVDF mem-
brane was stained with a fluorescent total protein stain (Deep
Purple Total Protein: Stain; GE Healthcare) and was scanned
using a variable mode imager (Typhoon 9400, GE Healthicare).
Subsequently; this: membrane was incubated in blocking solu-
tion (5% skim ‘milk in" 1 X Tris-buffered saline. Tween-20
[TBST]; 1 X Tris-buffered ‘saline [TBS] containing 0.1%
Tween 20) overnight in a cold room and reacted with the pa-
tient’s serum, diluted to 1:1,500 with 1% skim milk in 1 X
TBST for 1 hour at room temperature. The PVDF membrane
was washed 5 times with 1 X TBST, and reacted with
peroxidase-conjugated goat anthuman Ig (A-+G+M) antibod-
ies (P.A.R.1.S.) diluted to 1:2,000 with 1% skim milk in 1 X
TBST for 1 hour at room temperature. After 6 washes, the mem-
brane was incubated with the WB detection reagent (ECL Plus,
GE Healthcare) for 5 minutes, and was scanned using Typhoon
9400.. The antibody-reactive protein spots were matched with
the fluorescent stained total protein spots, using image analysis
software (Adobe Photoshop 6.0, Adobe Systems).

In-gel digestion and mass spectrometry. The identified
spots were excised from the gel and subjected to trypsin diges-
tion. Peptide fragments were analyzed using a nanoscale capillary
liquid chromatography (LC) system (LC-VP, Shimadzu) and an ion
trap tandem mass' spectrometer (LCQ Advantage Max, Therimo
electron). Proteins were identified from MS/MS spectra using pro-
tein identification software (X Caliber TM, Thermo Finnigan, and
MASCOT Search; Matrix Science).

One-dimensional electrophoresis and immunoblotting
using human recombinant Rab GDI’ dissociation in-
hibitor a@. For 1-dimensional (1D) immunoblotting analysis,
the commiercially available- Rab GDP dissociation inhibitor «
(aGDI), full-length, human recombinant protein (Abnova, mo-
lecular weight: 75.28 kDa with its N-terminal GST-tag), pro-
duced by the miethod: based on the wheat germ cell-free
expression system, was separated by 4%-20% SDS-PAGE. Im-
munoblotting was the same as described previously. We tested
the serum samples' from:18 patients with NPSLE, 19 patients
with SLE without neuropsychiatric symptoms, 12 patients with
multiple sclerosis, 13 patients with infectious meningoencepha-
litis, 10 -patients with polyneuropathy, 10. patients with psy-
chotic syndromes, and: 12 healthy controls.

Immunocytochemistry of human neuroblastoma cul-
ture cells. Human neuroblastoma SH-SYS5Y cells on coverslips
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