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action potential (CMAP) amplitude in at least one nerve
was found in three of the five patients (patients 1, 2, and 3).
In three patients, the results of sensory nerve conduction
studies were normal. Two patients (patient 1 and 2) had a
mild sensory nerve conduction slowing in the ulnar or sural
nerve. These patients have had diabetes mellitus for a long
time, thus it was possible that their sensory nerve con-
duction slowing may have been partially affected by dia-
betic sensory-motor polyneuropathy. The proportion of
nerves that had F-wave abnormalities (100%, 22/22 nerves)
was significantly higher than that of nerves that had pro-
longed distal motor latencies (20%, 6/30 nerves)
(P < 0.001, Fisher’s exact probability test) (Table 3).

Laboratory findings

One of the five patients with motor-dominant CIDP had
ANA (patient 1), but none had anti-DNA antibody, anti-Sm
antibody, anti-SS A/B antibody, PR-3-ANCA, or MPO-
ANCA. The CSF cell count of the patients with motor-
dominant CIDP was 3.6 &+ 3.2 mm° (mean + SD, range
1-8 mm3), and that of the other CIDP patients was

3.3 + 4.8 mm® (range 0~14 mm®). The CSF protein con-
centration in patients with motor-dominant CIDP was
97 £ 38 mg/dl (range 42-145 mg/dl), and that in the other
CIDP patients was 150 & 190 mg/dl (range 27-577 mg/dl).
The CSF albumin index of the patients with motor-’
dominant CIDP was 14 £ 6.9 (range 5.2-23), and that of
the other CIDP patients was 20 + 25 (range 3.2-72). There
were no statistically significant differences in these values
and indexes between the two groups (P = n.s., Mann-
Whitney’s U test). The CSF IgG index of the patients with
motor-dominant CIDP was 0.58 £ 0.051 (range 0.49-
0.61), and that of the other CIDP patients was 0.50 =+ 0.11
(range 0.3-0.6). It was statistically higher in the patients
with motor-dominant CIDP than in the other CIDP patients
(P < 0.05, Mann-Whitney’s U test). However, the CSF
1gG indexes of the patients with motor-dominant CIDP
were almost within the normal range (<0.6) (Table ).

Other findings

The cervical MRI findings of two patients (patients 1 and
4) showed swelling and gadolinium enhancement of
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bilateral nerve roots (patient 1, in C4-7; patient 4, in C2-7)
and the brachial plexus. On the other hand, the thoraco-
lumbar MRI findings of three patients (patients 1, 3, and 4)
showed no swelling or gadolinium enhancement of the
nerve root or the plexus (the examinations of patients 3 and
4 were only by plain MRI). The findings of sural nerve
biopsy in two patients (patients 1 and 2) were only peri-
neurial and endoneurial edemas. There were no findings of
axonal degeneration or demyelination.

Therapy and prognosis

The clinical course of all five patients with motor-domi-
nant CIDP enrolled in this study was relapsing-remitting.
Two patients (patients 3 and 5) were treated by intrave-
nous methylprednisolone (mPSL) pulse therapy. Three
patients (patients 1, 3, and 4) were treated with prednis-
olone (PSL) orally. One patient (patient 4) was treated
with cyclosporine A (CsA) orally. One patient (patient 5)
was treated with cyclophosphamide (Cy) and azathioprine
(AZA) orally. Plasmapheresis was performed for two
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patients (patients 3 and 5). All five patients were treated
with intravenous immunoglobulin (IVIg, 400 mg/kg/day
for 5 days). They improved markedly after being treated
by IVIg infusion or plasmapheresis. IVIg infusion caused
an increase in muscle strength, which began a day after
the infusion and reached its maximum within a few
weeks, but lasted for only a few months (Fig. 1). IVIg
maintenance treatment has had a long-term beneficial
effect on muscle strength, allowing the patients to main-
tain normalcy in their daily lives (Fig. 2). They did not
improve in response to treatment by mPSL pulse therapy
or with PSL during the acute phase of relapses. Two
patients (patients 1 and 3) treated with only PSL have
remained in remission for 1.8 and 1.3 years, respectively
(Figs. 1, 3). Two patients (patients 4 and 5) treated with
PSL did not remain in remission, and one patient (patient
2), without any treatment to prevent relapse, has remained
in remission for 1.5 years from the last IVIg infusion
(Figs. 2, 3). The number of relapses decreased over a long
period of time, during which several relapses occurred
(Table 4). During the follow-up period (mean & SD;
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2.8 £ 1.5 years, range 1-5 years), the average number of
relapses was 5.8 £ 2.2 (n = 5, range 4-9). Within the
first year after the disease onset, the average number of
relapses was 3.8 = 1.1 (n = 5, range 2-5). From the first
to the second year after the disease onset, the average
number of relapses decreased to 2.3 & 1.9 (n = 4, range
1-5). After the second year, the average number of
relapses decreased to 0.3 £ 0.6 (n = 3, range 0-1). The
mRDS at the last follow-up period was 1 & 0 (range 1) in
all five patients with motor-dominant CIDP and was
3.1 & 1.5 (range 2-6) in the other CIDP patients. Dis-
ability at the last follow-up period was statistically milder
in patients with motor-dominant CIDP than in the other

CIDP patients (P < 0.002, Mann-Whitney’s
(Table 4; Figs. 1, 2, 3).

U test)

Discussion

In this study, we reviewed the clinical, electrophysiological
and laboratory findings, plus the therapeutics and evolution
of five patients with motor-dominant CIDP. Their charac-
teristic features were as follows: (1) Within several months
of disease onset, they presented with symmetrical weak-
ness and generalized areflexia. (2) Their weakness showed
upper-limb predominance, which was also the initial
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Table 4 Summary of therapy and prognosis of 12 CIDP patients

Patient Type Clinical Therapy Duration of Number of Number of Number of Number of mRDS
course follow-up  relapses relapses relapses relapses
(year) (total) (<l year) (1-2years) (2 years<)
1 Motor dominant Relapsing-remitting IVIg, PSL 3 5 4 1 0 1
2 Motor dominant Relapsing-remitting IVIg 3 4 2 2 0 1
3 Motor dominant Relapsing-remitting I1VIg, mPSL, PSL, PP 5 7 5 1 1
4 Motor dominant Relapsing-remitting 1VIg, PSL, CsA 1 4 4 -~ - 1
5 Motor dominant Relapsing-remitting IVIg, mPSL, PP, 2 9 4 5 - 1
AZA, Cy
6 Sensory motor  Progressive IVig 5 0 0 0 0
7 Sensory motor  Progressive IVIg 17 0 0 0 0 3
(MADSAM)
Sensory motor  Progressive IVIg, mPSL 3 0 0 0 0 3
Sensory motor  Progressive 1VIg 0 0 0 0 2
(DADS)
10 Sensory motor  Progressive IVig 2 0 0 0 - 2
(DADS)
11 Sensory motor  Progressive IVig, PP 5 0 0 0 6
12 Sensory motor  Progressive IVIg, mPSL, PSL 6 0 0 0 0 2

(ataxic form)

AZA azathioprine, CsA cyclosporine A, Cy cyclophosphamide, DADS distal acquired demyelinating symmetric neuropathy, /VIg intravenous
immunoglobulin therapy, MADSAM multifocal acquired demyelinating sensory and motor neuropathy, mRDS modified Rankin disability scale,
mPSL methylprednisolone pulse therapy, PP plasmapheresis, PSL prednisolone

symptom. (3) They presented with no sensory deficits
except for mild distal paresthesia. (4) They had no muscle
atrophy or cranial nerve involvements. (5) Electrophysio-
logical findings revealed the features of demyelination. The
results of sensory nerve conduction studies showed normal
or occasionally mild slowing of sensory nerve conduction.
(6) They improved markedly after treatment by IVIg
infusion or plasmapheresis. They did not improve in
response to treatment with corticosteroids during the acute
phase of relapses. (7) IVIg infusion caused an increase in
muscle strength which began a day after the infusion and
reached its maximum within a few weeks, but lasted for
only a few months. (8) Their clinical course was relapsing-
remitting, but they maintained normalcy in their daily lives
because of repeated IVIg infusions. (9) The relapses
occurred frequently within 2 years, but rarely occurred
after that.

There is a report of four patients with pure motor CIDP
who showed bilateral selective involvement of motor
nerve fibers and the absence of sensory symptoms, normal
sensation at neurological examination and normal findings
upon electrophysiological testing of sensory nerve fibers
and sural nerve biopsy [2]. It was also reported that their
clinical course was relapsing-remitting and they were
steroid-unresponsive, whereas they considerably improved
after treatment with immunoglobulin. The clinical fea-
tures of the patients with pure motor CIDP in this
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previous report resembled those of our five patients with
motor-dominant CIDP. In this study, three of our five
patients with motor-dominant CIDP showed mild distal
paresthesia, and two patients showed mild abnormal
findings of sural nerve biopsy. Thus, we used the term
‘motor-dominant CIDP’, rather than ‘pure motor CIDP’.
However, we considered that the pathogenicity of pure
motor CIDP may be the same as that of motor-dominant
CIDP. Multifocal motor neuropathy (MMN) has common
features in some respects with motor-dominant CIDP, as
determined from clinical and electrophysiological exam-
inations [10-12]. However, MMN is an uncommon idio-
pathic syndrome characterized by asymmetric lower
motor neuron weakness. The clinical course is usually
slowly progressive, although it may occasionally have a
stepwise progression [10, 11]. Some of the patients with
MMN show muscle atrophy and their reflexes are usually
preserved [10, 11]. We consider that motor-dominant
CIDP differs from MMN.

Interestingly, all the patients with motor-dominant CIDP
showed marked improvement soon after the IVIg infusion
and complete remission within a few weeks. In this study,
the electrophysiological and MRI findings of the patients
with motor-dominant CIDP showed that the most affected
lesions are the cervical nerve roots and brachial plexus. In
this study, we measured the CSF albumin index to deter-
mine the disruption of the blood-nerve barrier at the site of
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the ventral root. There was no statistically significant dif-
ference in this index between motor-dominant CIDP and
other CIDP types. We also measured the CSF IgG index to
determine the presence of intrathecal IgG production. It
was statistically higher in the patients with motor-dominant
CIDP than in the other CIDP patients. However, the CSF
IgG indexes of both groups were almost within the normal
range. In this study, we could not identify the serum and
CSF markers for distinguishing motor-dominant CIDP
from the other CIDP types.

The characteristic clinical features, responsiveness to
treatment, and prognosis suggest that motor-dominant
CIDP is a distinct subtype of CIDP, and that it has a spe-
cific immunological background. IVIg may contain
numerous anti-idiotypes to neutralize pathogenic autoan-
tibodies [13, 14]. It was reported that the titer of circulating
autoantibodies rapidly decreases within hours after IVIg
infusion [15]. We speculated on the presence of unknown
pathogenic autoantibodies, which block the conduction of
peripheral nerves, in the patients with motor-dominant
CIDP. However, there are many questions, such as why the
motor nerve fiber is specifically involved, that should be
addressed to validate our hypothesis.

In this study, we showed that the prognosis of motor-
dominant CIDP is significantly better than that of other
CIDP types. It may be said that this is the result of repeated
IVIg therapy within 2 years of disease onset. If we had
made a misdiagnosis, such as motor neuron disease, the
disabilities of these patients may have been more severe.
However, the repeated IVIg therapy is very expensive. We
consider treatment for recurrence prevention to be very
important. In this study, two patients treated with only PSL
have remained in remission for a long period. However,
two other patients treated with PSL did not remain in
remission and one patient without any treatment to prevent
relapse has remained in remission for a long period. We
consider that a large-scale control study is necessary to
clarify the relapse prevention effects of steroids and other
immunosuppressants in the future.
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~Anubodies 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 « {(«GDI) (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 «GDI. Positivity of the anti-eGDI 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%, O 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

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 difluoride; 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 hospirtal and selected those patents 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-
arric 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 in the 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. Their 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 narive
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 4-7, 13 cm
long, GE Healthcare). Up to 100 pg of the extracted proteins
was applied to a dry strip for Western blotting. Isoelectric focus-
ing was conducted at 20°C for 85,000 Vh, at a maximum of
8,000 V, using a horizontal electrophoresis system (Multiphor

111, 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) at 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/
cm? 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 Healthcare).
Subsequently, this membrane was incubated in blocking solu-
ton (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 antihuman Ig (A+G+M) antibod-
ies (P.A.R.LS.) 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, Thermo
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 GDP dissociation in-
hibitor a. For 1-dimensional (1D) immunoblotting analysis,
the commercially available Rab GDP dissociation inhibitor a
(@GDYI), full-length, human recombinant protein (Abnova, mo-
lecular weight: 75.28 kDa with its N-terminal GST-tag), pro-
duced by the method 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-
licis, 10 patients with polyneuropathy, 10 patients with psy-
chotic syndromes, and 12 healthy controls.

Immunocytochemistry of human neuroblastoma cul-

ture cells. Human neuroblastoma SH-SY5Y cells on coverslips
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Figure1

stain reagent and the target antigens, identified by mass spectrometry

Polyvinylidene difluoride membrane containing proteins that were transferred and stained with the fluorescent total protein

Protein name Mascot Score / M %b?:&ﬁ |
(SWISS-PROT accession No.) | Coverage (%) ['C a‘! culate d?
Stress-70 protein ( P48721) 616/22 i 4759/75;45197]
Stress-70 protein ( P48721) 30/2 o 4735;'75/'2697]
Rab GDP dissociation inhibitor 130710 57/5.04
alpha (0GDI) (P50398 ) [51.074 / 5.00]
Isocitrate dehydrogenase [NAD] 363719 45/5.8
subunit alpha (Q99NAS) [40.044 1 6.47]
L-lactate dehydrogenase B chain 302 /29 43/5.68
(P42123) [36.874 / 5.70]
F-actin-capping protein subunit 8376 4371586
alpha-2 (Q3T1K5 ) [33.118 7 5.57]
Rab GDP dissociation inhibitor 157110 50/5.88
beta (P50399) [51.018/5.93]
Not detected - 48/6.0
Not detected - 48/6.16

The arrows indicate 9 spots that reacted with antibodies in sera from the 7 patients with neuropsychiatric systemic lupus erythematosus and did not react with
antibodies in sera from the 12 healthy controls (A), as determined 2-dimensional immunoblotting (B). Spot number corresponds to the number shown in A.
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were incubated overnight at 4°C with sera of the patient with
anti-aGDI antibody, then washed, fixed, permeabilized, and
single-immunolabeled or double-immunolabeled with an
anti-aGDI monoclonal antibody, followed by the appropri-
ate secondary fluorescent antibodies (see appendix e-1: Meth-
ods on the Newurology® Web site at www.neurology.org).

Statistical analyses. We used the Fisher exact probability test
to assess differences in positivity of ant-aGDI antibodies be-
tween groups. The p values were considered statistically signifi-
cant when less than 0.05.

RESULTS Neuropsychiatric syndromes of patients.
The neuropsychiatric symptoms of the 18 patients
with NPSLE were classified as acute confusional
state (n = 3), aseptic meningitis (n = 2}, cognitive
dysfunction (n = 2), cerebrovascular disease (n =
4), headache (n = 2), mood disorders (n = 5),
movement disorder (chorea) (n = 1), myelopathy
(n = 2), polyneuropathy (n = 2), psychosis (n =
5), and seizure disorders (n = 2).

Screening and identification of target proteins that re-
acted with antibodies in serum by 2-dimensional im-
munoblotting and liquid chromatography-tandem
mass spectrometry. We detected 39 spots that re-
acted with antibodies in sera from 7 patients with
NPSLE and detected 60 spots that reacted with
antibodies in sera from the 12 healthy controls
(figures 1 and 2). The latter 60 target spots were

subtracted from the former 39 spots. After sub-
traction, the remaining 9 spots only reacted with
antibodies in sera of the 7 patients with NPSLE.
These 9 spots that matched the proteins on the
2-DE gels were analyzed by LC-MS/MS (figure 1).
Seven of these 9 immunoreactive spots were iden-
tified as stress-70 protein (spot numbers 1 and 2 in
figure 1); aGDI (spot number 3); isocitrate dehy-
drogenase [NAD] subunit a (spot number 4);
I-lactate dehydrogenase B chain (spot number 5);
F-actin-capping protein subunit -2 (spot number
6); and Rab GDP dissociation inhibitor S
(GDI-2) (spot number 7). We were unable to
identify the names of 2 protein spots (spot num-
bers 8 and 9). Among these antigens, aGDI was
the only brain-specific antigen, and that was lo-
cated in neurons. The other antigens are abundant
in ubiquitous intracellular compartments.
Determined from location, we focused on the
relation between aGDI and neuropsychiatric
symptoms of NPSLE. In figure 2, we showed the
2D immunoblotting results of 2 NPSLE patients
with psychosis (A, B) and a healthy control (C).
Arrows corresponding to spot number 3 in figure
1 indicate the strongly immunoreactive spot in
NPSLE patients with psychosis. We analyzed this
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dissociation inhibitor a (GDI) by mass spectrometry

[ Figure 2 Polyvinylidene difluoride membrane after 2-dimensional immunoblotting and identification of Rab guanosine diphosphate
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The polyvinylidene difluoride membrane reacted with sera of patients with neuropsychiatric systemic lupus erythematosus with psychosis (A: patient 2, B:
patient 1 in table 1) and healthy control (C). Arrows indicate the «GDI spot. Tandem mass spectrometry spectra of 4 peptides of «GDI (D-G) and total amino
acid sequences of aGDI (H). Sequences in bold red letters indicate the matched sequences of 4 peptides.

spot and obtained MS/MS spectra of 4 peptides
(D-G). Subsequently, this spot was identified as
aGDI using protein identification software (H).

Immunoreactivity of sera from patients with NPSLE,
patients with other conditions, and healthy controls
against human aGDI full-length recombinant protein.
Specific positive signals were found in serum samples
from 4 of the 18 patients with NPSLE and only 1 of
the 19 patients with SLE without neuropsychiatric
symptoms (figure 3A). The 12 patients with multiple
sclerosis, 13 patients with infectious meningoen-
cephalitis, 10 patients with polyneuropathy, 10 pa-
tients with psychotic syndromes, and 12 healthy
controls showed negative signals. We summarized
the clinical manifestations of 5 patients with anti-
aGDI antibodies in table 1. Based on the diagnosis
of ACR classification, their neuropsychiatric syn-
dromes were psychosis in 4 of 5 patients, cognitive

dysfunction in 1 of 5 patients, myelopathy in 1 of 5
patients, and seizure disorders in 1 of 5 patients.
Given that psychosis was a commonly observed
syndrome in 4 patients with NPSLE with the anti-
aGDI antibody, we divided the 18 patients with
NPSLE into those with psychosis (n = 5) and those
without (n = 13). The number of patients with the
anti-aGDI antibody was significantly higher in the
patients with NPSLE with psychosis (4 of 5, 80%),
compared with 0 of 13 (0%) in patients with NPSLE
without psychosis (p < 0.002); 1 of 19 (5.3%) in
patients with SLE without neuropsychiatric symp-
toms (p < 0.003); 0 of 12 (0%) in patients with
multiple sclerosis (» < 0.003); 0 of 13 (0%) in pa-
tients with meningoencephalitis (» < 0.002); 0 of 10
(0%) in patients with polyneuropathy (p < 0.004); 0
of 10 (0%) in patients with psychotic syndromes
(p < 0.004); and 0 of 12 (0%) in healthy controls

. ownloaded from www.neurology.org a YT Yon’Aptit 26, . .. 1375
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Figure 3 Immunoblotting of the human, Rab guanosine diphosphate dissociation inhibitor « («GDI), full-length, recombinant protein, and

immunocytochemistry using human neuroblastoma culture cells

A

mAb  P1 P2 P3 N1 N2 N3 N4

N5

N6 N7

Arrows indicate positive bands, immunoreacted with anti-aGDI antibodies. mAb = 1:1,000-diluted anti-«GDI monoclonal antibody (Proteintech); P1-5 =
1:1,500-diluted sera of patients with anti-«GDI antibodies; N1-7 = 1:1,500-diluted sera of patients without anti-«GDI antibodies (A), confocal images of
SH-SYS5Y cells incubated with 1:100-diluted anti-aGDI monoclonal antibody (B), with 1:1,000-diluted sera of patient with anti-«GDI antibody (C), and both
reactivities are merged in D.

(p < 0.003). We confirmed that the anti-aGDI an-
tibodies in sera from the patients with 2 NPSLE with

antibodies. None had antiphospholipid antibodies
(anticardiolipin and anti-beta2 glycoprotein 1 anti-

anti-aGDI antibodies were not present when the pa-  bodies). Anti-ribosomal P antibody was not present

wiid
Copyright © b%to AA

tients had complete remission of the psychiatric
symptoms (data not shown).

Characteristics of patients with anti-aGDI antibodies.
Characteristics of patients with anti-aGDI antibod-
ies are shown in tables 1 and 2. Serologically, all pa-

tients had antinuclear antibodies and anti-dsDNA

in sera from 4 patients with NPSLE with anti-aGDI
antibody (nos. 1-4 in table 2), and it was present
only in the serum from 1 of the 19 patients with SLE
without neuropsychiatric symptoms (no. 5 in table
2). Anti-Ro (SSA)-serum antibody and anti-Sm anti-

body were present in sera from 3 of 5 patients with

[ Table1 Characteristics of patients with anti-«GDI antibodies (clinical manifestations) ]
Prognosis
No. Age, y/sex Clinical diagnosis Neuropsychiatric syndrome  Therapy of psychosis
1 22/M NPSLE Psychosis mPSL, PSL, Cy, PD CR
2 32/F NPSLE Psychosis, myelopathy mPSL, PSL, Cy, PD CR
3 51/F NPSLE Psychosis, seizure disorders ~ mPSL, PSL, Cy, rituximab, PD  CR
4 85/M NPSLE Psychosis, cognitive mPSL, PSL, PD CR
dysfunction
5 14/F SLE without neuropsychiatric ~ — PSL -

symptoms

Abbreviations: «GDI =

Rab guanosine diphosphate dissociation inhibitor o; CR = complete remission; Cy = cyclophospha-

mide; mPSL = methylprednisolone pulse therapy; NPSLE = neuropsychiatric systemic lupus erythematosus; PD = psycho-
tropic drugs; PSL = prednisolone; SLE = systemic lupus erythematosus.
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( Table 2 Characteristics of patients with anti-aGDI antibodies (laboratory and neuroimaging findings)

' 1 1,280  >400 ©16 7 130 30 . — = - Normal ‘ Decrease in CBF in the
bilateral frontal lobes

5 80 235 35.5 >500 - - 68.1 - + Normal NE

Abbreviations: «GDI = Rab guanosine diphosphate dissociation inhibitor o; ANA = antinuclear antibodies; CBF = cerebral blood flow; IgG = immunoglobulin G;
NE = not examined; SWMH = subcortical white matter hyperintensity.

anti-aGDI antibody (nos. 1, 2, and 5 in table 2).  aGDI antibody showed that strong immunoreactivity
CSF analysis was performed in 3 patients. All showed ~ was detected in the nuclei, and mild immunoreactivity
normal cell counts, and 1 showed an elevated level of  was detected in the cytoplasm of these cells (C). Double
protein concentration. immunostaining showed that the immunoreactivity of

We examined the antibody in 1:100-diluted CSF  the anti-aGDI monoclonal antibody and this patient’s
sample of 1 patient with anti-o GDI antibody (no. 1 sera was partially colocalized in the cytoplasm of cell
in tables 1 and 2). In this CSF sample as well as the  bodies and axons, including axon terminals (arrowheads
serum sample, we detected the anti-a GDI antibody.  in figure 3D).

On brain MRI examination, 3. patients showed corti-

cal atrophy predominantly in the bilateral frontal DISCUSSION Of the 6 target antigens identified
lobes and hippocampus; 2 patients showed abnormal  that reacted with antibodies in sera from 7 patients
intensity changes on T2-weighted and fluid- with NPSLE, aGDI was the only brain-specific anti-
attenuated inversion recovery images, including 1 gen and was localized in neurons.®! It has been re-
patient with subcortical white matter hyperintensi-  ported that «GDI functions to control the activity of
ties of the left frontal and temporal lobes and 1 pa-  the small GTPases of the Rab 3 proteins available for
tient with hyperintensities of the cerebellum and  synaptic vesicle cycling and neurotransmitter re-
brainstem. Two patients showed no abnormal find-  lease.""1> The other 5 antigens were stress proteins,
ings. We performed brain 99m Te-ECD SPECT in  mitochondrial proteins, glycolytic enzyme, and cy-
2 patients, and both patients had decreased cerebral  toskeletal proteins. They were abundant in ubiqui-
blood flow in the bilateral frontal lobes. tous intracellular compartments.

Concerning therapy and outcome, 4 patients were Determined from funcrion and location, we fo-
treated with IV methylprednisolone pulse therapy, 3 cused on the relation between aGDI and neuropsy-
patients were treated with IV cyclophosphamide, 1 pa-  chiatric symptoms of NPSLE in this study. We
tient was treated with IV rituximab, 4 patients were  tested more samples by 1D immunoblotting of hu-
treated with oral psychotropic drugs, and all 5 patients  man recombinant aGDIL. Specific, positive signals

were treated with oral corticosteroid. Psychosis of the 4 \yere found in sera from 4 patients with NPSLE and
patients with NPSLE with anti-aGDI antdbody oc-

curred in the early stages of SLE and within the context

of florid clinical and serologic disease activity. The 4 with the anti-aGDI antibody showed psychosis, as
patients with NPSLE with anti-aGDI antibodies diagnosed based on ACR classification. Positivity of

showed complete remission of their psychiatric symp- 1o anti-aGDI antibody in patients with NPSLE
toms within 1 month after onset. The neuropsychiatric

and nonneuropsychiatric symptoms of all 5 patients
with anti-«GDI antibodies were stable with corticoste-

1 patient with SLE without neuropsychiatric symp-
toms. Interestingly, 4 of the 5 patients with NPSLE

with psychosis was significantly higher than in pa-
tients with NPSLE without psychosis, patients with
other diseases, and healthy controls. Further studies
roid administration. using a large series of patients and controls are re-
Immunocytochemistry of human neuroblastoma cul-  quired to clarify the relation between anti-aGDI an-
ture cells. Anti-aGDI monoclonal antibodies tibody and psychosis in patients with NPSLE.

showed that the immunoreactivity was specifically Mutations in Gdil, which encodes «GDI, in
detected in the cytoplasm of SH-SYSY cells (figure families with X-linked nonspecific mental retarda-

3B). Conversely, the sera of the patient with anti- tion (a common human disorder characterized by

. f eur G SITYIIBRAR Y ‘on Bpk 26261 dS77
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mental retardation as the only clinical symptom)

have been reported.' In addition, Gdil-deficient
mice showed impairment of associative memory and
alteration of social behavior without anaromic abnor-
mality,' and @GDI constitutive knockout mice had
altered short-term synaprtic plasticity by electrophysi-
ologic analysis." The pathogenicity of the anti-
aGDI antibody remains unclear. The aGDI is
located in neurons but not on the membrane surface.
Judging from its subcellular location, the anti-aGDI
antibody may be generated after neuronal cell dam-
age and may not be related to pathogenicity. How-
ever, some reports indicate that the selective
autoantibody penetrates living cell membranes and
binds to intracellular antigens.16

As determined from these reports, the anti-aGDI
antibody could penetrate the living cell and react
with the aGDI. Our immunocytochemical study re-
sults revealed that the immunoreactivity of the anti-
aGDI monoclonal antibody and sera of the patient
with this antibody was partially colocalized in the
cytoplasm, including the axon terminals. We consid-
ered the possibility that the anti-aGDI antibodies
inhibit the function of the «GDI, and then regulate
the synaptic vesicle exocytosis during neurotransmit-
ter release associated with psychiatric symptoms in
patients with NPSLE. We must perform more exper-
iments using animal models in which the activities of
anti-aGDI antibodies are induced or the antibodies
are passively administered to clarify the pathogenic
role of the anti-aGDI antibody.

In this study, all 4 patients with NPSLE with the
anti-aGDI antibody presented with psychosis,
which occurs in the early stage of SLE, and within
the context of florid clinical and serologic disease ac-
tivity. Their psychosis showed good response to im-
munosuppressive therapy, and no relapses occurred
with corticosteroid administration. Neuroimaging
analyses showed no common specific findings for pa-
tients with NPSLE with psychosis. These clinical fea-
tures are in agreement with those of a previous
report.'®

It has been reported that lupus psychosis is linked
with several antibodies, such as anti-brain-reactive
antibodies (BRAAs), anti-microtubule-associated
protein 2 antibodies, antiphospholipid antibodies,
anti-ribosomal P antibodies, anti-Ro (SSA)-serum
antibodies, and anti-Sm antibodies.’ In our analysis,
antiphospholipid antibodies, anti-ribosomal P anti-
bodies, anti-Ro (SSA)-serum antibodies, and
anti-Sm antibodies showed no correlation with the
anti-aGDI antibody. Anti-aGDI antibodies are dif-
ferent from anti-microtubule-associated protein 2
antibodies and BRAAs because they target antigens
with different molecular weights (microtubule-

nterprises, Inc,
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associated protein 2, 270 kD; BRAAs, 27.5 and 29.5
kD).1?20 We also could not detect antibodies with
the same molecular weights on immunoblotting us-
ing sera of patients with NPSLE with the anti-aGDI
antibody.

Recently, antibodies against NMDA receptor
subunits (NR2a, NR2b) have been associated with
neuropsychiatric lupus. They are specific to de-
pressed mood, short-term memory, and learning.?*
The molecular weight of these 2 recepror subunits is
approximately 180 kD and differs from that of
aGDL*

The diagnosis of psychosis associated with
NPSLE is difficult and depends on the exclusion of
other causes of CNS manifestations, such as steroid
psychosis or neuroinfectious disease. It also is diffi-
cult to diagnose by neuroimaging analysis. The iden-
tification of an autoantibody associated with
psychosis in patients with NPSLE is important for
the accurate identification of patients who can bene-
fit from steroid therapy. Since this is a pilot study,
larger confirmatory studies regarding specificity and
sensitiviry are required to assess the significance of

the anti-aGDI antibody.
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< Abstract>

Acute abducens nerve palsy following gastro-
enteritis without cerebellar ataxia and with
postive anti GQ1b antibody. A case report.

by
Takeo SAKURAI M.D., Yuji TANAKA, M.D.,
Akio KIMURA, M.D., Isao HOZUMI, M.D. &
Takashi INUZUKA, M.D.
from

Department of Neurology and Geriatrics, Gifu Univer-

sity Graduate School of Medicine, Gifu 501-1194, Japan.

A 39-year-old female developed left acute abducens
nerve palsy, and dysesthesia in her right hand and sole
following gastroenteritis. We diagnosed her as having
post-infection abducens nerve palsy and treated her with
high-dose intravenous immunoglobulin. Since the treat-
ment did not improve her symptoms, we added steroid
therapy. One week later, her symptoms were amelio-
rated. Laboratory tests showed positive anti-GQ1b-1gG
and anti-GT1a-IgG antibodies. The final diagnosis in this
case was acute left abducens nerve palsy without cer-
ebellar ataxia induced by anti GQ1b antibody.
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1. BRREEOHRZEESE & BEiE
BEREBE A0 5 MERE & uaEisg
ZEOCHOHMAE OBEEZHE LRI
INIETIZEHBOOLND D, ZOELI I EH
M) 7= b —5 A (systemic lupus erythema-
tosus : SLE)YICEAT 5 0 TH Y, R\ T
SjogrendEBEREY IZT 55D TH S, RLDOL
Va—ilXkbE, ZhIxTIOBMMEEREZE
Pk L 72SLE 3 7% 4> Hneuropsychiatric  systemic
lupus erythematosus (NPSLE) & 2B\ T,
Z DM = LBERF X 0 £ 20 o B e bk
PEHEINTWABY FFICURT L D iER W LE
WHROHLY KRV — APPUERA N — 7 A KEHIR &
FEZAHBE S 2 ZEEHENTE DY, aF
EIEREN7)

ik PrE D neuronal surface P antigen

EtH HEB, VRO
FIFENFL - BEFDEH

7o Lo R ROREEREER

(115)

WWHRREEZ DN MERAEZ W OPRELCEOTHET

(HA&RE 99 : 1865~1870, 2010)

PIAREPUR, —RkmRiE7 oy b, o5+ 3I 2 R

(NSAP) & &0 b - iR R S
5EHATH S I EAFEHSINA?Y. —F, SLE
BEIZHEET 5L - A $DNAHUAR A N-methyl-
D-aspartate (NMDA) BIL 7V ¥ 3 VERSZHMA
DO—# (NR2ZAB X U'NR2B) & 382 RUSHE %2 1
L, S5 7HM v AL L CHRH
RFEZE 76T L 55HEDLHBY. ZoHEIC
O Z, SLEEE MIEF DVINRZAPURDIEIE &
I DIEIRDB L IR E L o BE M 2 5
T 5HER, NMDALV 7% — 2303 2 Hifk%
HHRT B~ A%VER L, lipopolysaccharide
(LPS) \2& 0 MBI 2 Bife 8¢5 Z & TH
TR OMBHE LA L, BatgkEEED
FHRE 22 EHBEEICESETHHRELD
59 BIZZ DML TIILPSE 53 5 LLATIC
NMDAVE T ¥ —D7 ¥ I= XF’C“Z?J%)me-
mantineZ iz % Z & THEMBEEZB D

BTEREL A&@%%&(%&&LT@
TEEEZIEH/L TS, LL, Ih o0

-
<,

BAARFSMES $00% 85 - ¥H22HE 8 H10AH
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MW  pH4 pH7
(kDa) :
100

50

25

BM1. Sy bKBREIR—MEDVTILELRE
ZRTBRRAEEROSIVER

wHEFE (SYPRO® Ruby : Invitrogen) (C&D
26 UE2ERARY MNEgZERT

b EONPSLEIZHERM & v 2 5 BEIURIIRAE
FEML L CTWwir\y, FOFEHD—> & L TNPSLE
BECAHALNDBEHHRERIZE THH L
BHBITFONSE. TAYAY w<FEE(ACR)IZ
1999 4E1Z, SLEDHMMERE Z Rm T 5720
DOIBOREREEI/ES 72D, SLEOFFEMAPEEIER
OF - ERBLE. COFETIIE, 19
b7 2 EmAREREZ K&  PRMERE L
FEFEIREICST, & OICHE Z [ MEEER]
(neurologic syndromes) & [#&fAEIK ] (diffuse
psychiatric/neuropshychological syndromes) {2
KBILTWB. 2D X ENPSLEEREIZEHT
2ERLHMEREORBEERICIE, SHRLERF
PEETAHI AN, B5L) 2EHEH
L SEBEAFET A WREESTFEI NS, 51,
NPSLEEFIZBWTHRH S N/ -HOHEDOFRE
WERERITHICHID, ACROFHEIZEI N
FEAAAEREIR & O BE M & SR ICIRET § H L
WHbHEEZEZOLND.
SjogrenfEBEHEICEE T A T, LAAT & D &
BEEMOFKMMEREE O BE CH R MEE
MR o3 2 BOPUERZRHE L7z & 3 5 48
HBHY. T/, MEHIET - MREEKAZELL
EF CHEMERS -2 —0 > - REE=2—1T

BARARESME $00% 885 - TH22¥ 8 A10H

2. THRuREIOY MEOPVDF XYLy
iR

200 BICHRUICBBERMRBEDRZAL),
ZREMEE LT 2,000 BEIROFIE b IsGAM
BFERAVT, RRIERNZRITURZ. REICH
FRBARY hERY.

> - /NBPurkinjefi iR IC RIERISHEEE T 58
34 kDaDPIMEPER A L7 &3 5352,
THES—zx—o rBELEL/EATKRED
L EHRICTHFET 58 50 kDaDEHICH T 5
PRI 2R L2 T 28E L2 225 589,
LAL, ZhsofEFizuindEfAHREICE
EFED, MBI -FIMBEINEORPIERRIIA
BHTH5. SHROEFOERLIVEZEBDORE
%L ICRFREORHVFERTH S L b b,

2. AR AEOESR

o SHEPAORIBFE L LT, ZKRIE
BERKBHHRICITIRAY YTay P 2T 5
WIERET Oy MEEXHVTNS. ZKREER
KBy Ld—WRcH & L CEE/bpHABR A b v
Trve L - SESBERKEEZITV, 56
R B E LTHEABRKIRTRDOA b
Vo TrENER)TIZINMT I FIVICOET,
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) #4179 3 D TH 5. =
RIEBRIKBZFTHI L TH I AFICEEN

(116)
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B 3. EESHOBRESNIEATF RO MS/MS RS MLET S JBES
aGDI D 4 DORTF RICHEHET B ANRY MNUBBHE SN

LZEAEIEADL OBHWEDSFEDEVIZX
DN EIZEHBOARYy PELTRBEINS.
A DORE TIRIMBEIBROBBOITDHT v
KBAFET R — FPUESF 7V E LTHWT
WAHA, ZOTRITTERKENZLD T v MR
BTN EENLEHERY 1400 BOEH X
Ky P2BEBABLI ST LI EABTNETH S
(B1). COREORFRE L THEL25EHE
DOFES 7 EOMGEEEN T O F TRA-N S A8
HiFohs. —F, Hrk LTSDS-PAGEIZ LD
EHEOVMAEENKDIAZ L, BOTEE
HREEHEHOSBESHEBERETH S Z L
VBHITONS., RICZKRITERKERTHZOR
V727 INT I FENVAOEBE % polyvinylidene
difluoride (PVDF) X 7L >ic7ovy bL,
Ty FMED XA YT LY E AW THEREIAERE
275 C LI X Y RIS EEmME - BRI
FET HHMEINAEEZIREBEL T2 (K2).

3. HHEPARRRIMERER DRIE D ER

MO T v PR v T EEERC 20
VWEHOCWTIRIUTERKE TREM L, #t4eaFE

(117)

rHWTEEARE T L. —HWOFVITAEY
MIYHLAIREL EDOFVIZAF v F—
TEEHFREROBERLINY 2 AR, wET
Oy bedT). oK, PUEPERS % TS
LEIDA Y7V vy OEEARBEE (EEHY
BLESNVEOBERIZERERIFL-E T A -
TUPIIRATE B) ZERIZED AAK, EHIC
PUR P BUS AT ISR BRIE % Vv THLR K
IBAR Y g LERE L CHNCRET 5.
BREIZHUARIS A R v b & BURPUA RS AT Rl
DAYTVryBIUTFVEOEEBRREEAEY
FEREGETY 7 PRy F ST 5.
WIT—FH L2 ARy MlZD Xin geli{b % 17\,
k7o~ b5 7 14— (liquid chromatogra-
phy : LC) &% > FLAHESH (tandem mass
spectrometry : MS/MS) 38 % #l A& > 72 LC-
MS/MSY AT LIZ X D _RTF K7 3/ BEELS
ZRRATL (M3), S22 rbBoh5—
T, MEY—N—ZH LT —FN—AKREIC
LD PIMREDEORBRIEERZREL TV 5
(E4).
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Protein View

Match to : GDIA_RAT Score : 130

Rab GDP dissociation inhibitor alpha - Rattus norvegicus (Rat)
Nominal mass (Mr) : 51074 ; Calculated p! value : 5.00

NCBI BLAST search of
Unformatted
Taxonomy :

Fixed modlﬂcatlons Carbamldomethyl(C)
Variable modifications : Carbamy! (N-term), Oxidation (M)
Cleavage by Trypsin : cuts C-term side of KR unless next residue is P

Seqguence Coverage : 10%
Matched peptides shown in Boid Red

T against nr
for pasting into other applications

1 MDEEYDVIVL GTGLTECILS GIMSVNGKKV LHMDRNPYYG GESSSITPLE

51 ELYKRFGLLE GPPESMGRGR DWNVDLIPKF LMANGQLVKM LLYTEVTRYL
101 DFKVVEGSFV YKGGKIYKVP STETEALASN LMGMFEKRRF RKFLVFVANF
151 DENDPKTFEG VDPQTTSMRD VYRKFDLGQD VIDFTGHALA LYRTDDYLDQ
201 PCLETINRIK LYSESLARYG KSPYLYPLYG LGELPQGFAR LSAIYGGTYM
251 LNKPVDDIIM ENGKVVGVKS EGEVARCKQAL ICDPSYIPDR VRKAGQVIRI
301 ICILSHPIKN TNDANSCQIl IPQNQVNRKS DIYVCMISYA HNVAAQGKYI
351 AIASTTVETA EPEKEVEPAL ELLEPIDQKF VAISDLYEPI DDGSESQVFC
401 SCSYDATTHF ETTCNDIKDI YKRMAGSAFD FENMKRKQND VFGEADG

4, BRY—-N—ZfRLEEQEDRE
Mascot Search Server [CR 3 DEESNT—IBEX D CT—IR—ARBRRZE U4

R aGDI PEESNT.

4. NPSLEEZE tmHEHnHE

Fald, ChFEFCTLETOTAITAMFTD
FikE AV TNPSLERZEOMFEF X D <27
DOFMRETAEE RS LS L2Y. ZKRTRE
Tay MZX Y 12 Pl mIE I ISE S
7 BIONPSLERE QUL IZDOA UL L7299 DD
ZHy PEFBERL, TOHIEDTODAKRY b
25 6 DOPEERZMEEL . b idstress-
70 protein, Rab GDP dissociation inhibitor alpha
(aGDI1), dehydrogenase [NAD]
subunit alpha, L-lactate dehydrogenase B

isocitrate

chain, F-actin-capping protein subunit alpha-2,
Rab GDP dissociation inhibitor beta (GDI-2)
Tholz. TNLOIREEHDH HoGDIIZ,

WS F T RACREL/DEERICLELGEH
Rab3ad V¥4 79 X ZFICBET 5 A6
TWwb., E5ZaGDI% I — F95GDI-1 5T
X, FBRZEEERN T ME—OBRKRERE 3 5 IESF
B XGESBMHEBFEOBRRNBETFDO 1 DTS,
FDI vy Ty by AT, HRERE,

BARMZESHRE $09% $85 - FHR22%£8R10H
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BE 18 B, FmMEERET A6 L 2 WSLER®
19 B, Z5MEEALEERE 12 6, Ry &
BE 134, &M= —a,xF—EF 10 #1,
HMERFERZF S P, B DWEES B, BT
FH12HTH o7z, #HE, NPSLEE R 4 # & phik
FERZ &P L 2 WSLEEE 1 Blogt 5 #l bk
BEETH ) ZOMOBEEB L UBEZTIEE
TEETH o 7z PiEBEETH - 72 4 BIONPSLE
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#-5{ psychosis® &4 L 727z, NPSLE2EH
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