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autoantibodies to GABA(B) receptors in patients with neuropsychiatric systemic lupus erythematosus.
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Backgrounds and a summary of the present study

Angiotensin-converting enzyme 2 (ACE2), a homolog of ACE, has been known as a negative regulator of
renin-angiotensin system, which converts vasoconstrictor peptide angiotensin 11 (Ang-Il) into vasodilator Ang
(1-7). We previously reported novel autoantibodies to ACE2, which predisposed patients with connective tissue
disease accompanied by constrictive vasculopathies, i.e., pulmonary arterial hypertension/PAH or digital
necrosis previously [Takahashi Y, Haga S, Ishizaka Y, Mimori A: Arthritis Res Ther. 2010, 12 (3) :R85-92] .

That study included vasculopathy patients with systemic lupus erythematosus (SLE), scleroderma (SSc), or

mixed connective tissue disease (MCTD) and control patients with SLE or scleroderma having no vasculopathy.
Our further study suggested that patients with active SLE without vasculopathy also had high titers of serum
anti-ACE2 antibodies.

This study investigated the prevalence of anti-ACE 2 inhibitory antibodies in patients having other than SLE
and the methodology of inhibition assay for in vitro ACE2 by serum IgG fraction from the patients. We also
established a therapeutic animal model of pulmonary hypertension using an ACE2 activator molecule, which had
been found by lahizaka et al, and reported the effective results [Haga S, Tsuchiya H, Hirai T, Hamano T, Mimori
A, Ishizaka Y. A novel ACE2 activator reduces monocrotaline- induced pulmonary hypertension by suppressing
the JAK/STAT and TGF-B cascades with restored caveolin-1 expression. Exp Lung Res. 2015, 41(1):21-31] .

As another theme of the present study, we estimated the prevalence of serum antibodies to GABA receptors in
patients with SLE, and reported the results [Tsuchiya H, Haga S, Takahashi Y, Kano T, Ishizaka Y, Mimori A.
Identification of novel autoantibodies to GABA(B) receptors in patients with neuropsychiatric systemic lupus
erythematosus. Rheumatology (Oxford). 2014, 53(7):1219-28]

Inhibitory serum autoantibodies to angiotensin converting enzyme 2 in patients with scleroderma (SSc) or
mixed connective tissue disease (MCTD) having pulmonary hypertension or digital necrosis

Methods: Serum 1gG fraction was purified from 21 patients (pts) with MCTD or SSc including 8 vasculopathy
pts (3 PAH, one SSc renal crisis, 4 digital necrosis), and 13 non-vasulopathy pts. ACE2 in vitro activity under
co-incubation with 1 mcg 1gG fraction was assayed using substrate Mca-APK-Dnp. Triplicate assay compared
with control data was evaluated statistically by t-tests.

Results: Significant inihibition of ACE2 activity by 1gG was shown in 5 (3 PAH, 2 digital necrosis) out of the 8
vasculopathy pts, which were 5-25% of the control activity in 4 pts. Anti-ACE2-ELISA titer was positive in 2/3
of PAH pts and 2/4 of digital necrosis pts. One SSc patient having the history of renal crisis seven years ago
showed negative serum anti-ACE2-antibodies. None of the IgG fractions from 13 non-vasculopathy pts showed

ACE?2 inhibition.
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Conclusion: Patients with constrictive vasuculopathy and SSc or MCTD have inhibitory serum autoantibodies
to ACE2.

Inhibitory activity of serum autoantibodies to ACE2 in patients with constrictive rheumatic
vasculopathies, using angiotensin(1-7) assay

This study presents a highly sensitive method for detecting anti-ACE2 inhibitory Ab, which measures
physiological substrate Angll and the product Ang(1-7) by High performance liquid chromatography (HPLC).

Methods: Serum 1gG fraction was obtained from 29 SLE patients (4 PAH, 2 digital necrosis, 19 active SLE
without vasculopathy, 4 and control SLE) and one patient with Sjogren syndrome amd PAH. After co-incubation
of ACE2 and AnglI with patient’s IgG, Ang(1-7)/AnglI-ratios were estimated.

Results: ACE2 inhibition by serum IgG was shown in 4/5 of PAH, 2/2 of digital necrosis, and 3/19 of active
SLE without vasculopthy (6/7 vs 3/19; p = 0.0022), and none of 4 controls. The in vitro ACE2 inhibition by the
IgG from a Sjogren-PAH patient was diminished after steroid therapy, which treated the PAH successfully.
Conclusion: Ang(1-7)/Angll assay by HPLC may be a sensitive method for detecting inhibitory autoantibodies

to ACE2 in rheumatic vasculopathy.

Identification of novel autoantibodies to GABAB receptors in patients with neuropsychiatric
systemic lupus erythematosus

Backgrounds: SLE is arguably the most clinically and serologically diverse autoimmune disease, with >100
autoantibodies (anti-double-stranded DNA antibodies and anti-Sm antibodies) found in patients and disease
spectra ranging from subtle symptoms to life-threatening multiorgan failure. Not a few patients with SLE suffer
from neuropsychiatric symptoms. NPSLE is probably mediated by autoantibodies, microvasculopathy and
intracranial production of inflammatory mediators, often in combination. Although several studies have shown a
positive correlation between NPSLE and autoantibodies (aPLs, anti-ribosomal P antibodies and autoantibodies
that bind to neuronal antigens such as N-methyl-D-aspartate glutamate receptor), little is known about how these
autoantibodies are involved in disease pathogenesis. The gamma-aminobutyric acid type B receptors
(GABARBS) are G-protein coupled receptors for GABA, the main inhibitory neurotransmitter in the brain. In
this study, using a random peptide display library (RPDL), we identified GABARB subunits as candidate
antigens in patients with SLE. Based on reactivity with serum and cerebrospinal fluid (CSF) samples from
patients with SLE, we looked at the possible link between anti-GABARB antibodies and disease activity and
NPSLE.

Methods. Preparation of recombinant proteins of GABARBSs: We prepared recombinant proteins of the
amino-terminal(N) region of GABARBS, where epitopes of candidate autoantibodies were identified by RPDL.
Full-length human GABARB1b cDNA was purchased. An amino-terminal (N) region of the extracellular
domain (aa 1-475) was amplified by PCR and cloned into pcDNA3.1 vector. The FLAG sequence, consisting of
eight aa (DYKDDDDK), was inserted just after the C-terminus. For the GABARB2 1220 N-terminal
extracellular domain (aa 1-480), cDNA with the FLAG sequence inserted just after its N-terminal signal
sequence was synthesized using Eurofins MWG Operon and cloned into pcDNAS3.1 vector. FreeStyle 293 cells
were transfected with plasmid DNA encoding GABARB1b-FLAG or FLAG-GABARB? according to the

manufacturer’s protocol. On day 2 after transfection, supernatants were collected and purified by column
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chromatography using diethylaminoethyl cellulose. Detection of anti-GABARB1b and anti-GABARB2
antibodies in patients’ serum and CSF samples ELISA was performed; 96-well plates were coated with 250 ng
of GABARB1b-FLAG or FLAGGABARB?2 in cold bicarbonate buffer (pH 9.6) overnight. Wells were washed
and blocked with 5% skim milk in Tris-buffered saline Tween 20 [TBS-T; 20mM Tris-HCI (pH 7.5), 150mM
NaCl and 0.1% Tween 20]. Sera were diluted 1000-fold with 0.25% skim milk in TBS-T and undiluted CSF was
added. After incubation for 1 h at room temperature, the wells were rinsed five times with TBS-T and developed
with horseradish peroxidase (HRP)-conjugated anti-human 1gG antibody. SureBlue TMB was used as an HRP
substrate and optical density (OD) at 450nm was measured. All samples were independently assayed twice. OD
values were normalized to samples from one patient. The intra-assay coefficients of variation for
anti-GABARBL1b and anti-GABARB2 antibodies were 9.0% and 9.2%, respectively. The cut-off values for
positive and negative assignments were determined as mean values + 3 S.D. compared with controls. We defined
serum samples as positive when OD values were >0.39 (anti-GABARBLD) or >0.31 (anti-GABARB?2). We
defined CSF samples as positive when OD values were >0.47 (anti-GABARB1b) or >0.46 (anti-GABARB2).
ELISA was performed with recombinant proteins of GABARB1b and GABARB2 on serum samples from
patients with SLE (n = 88), scleroderma (n = 20), myositis (nh = 20) or vasculitis (n = 20) as well as healthy
subjects (n = 20). Cerebrospinal fluid (CSF) from 23 patients with SLE was also examined. Disease activity of
SLE was measured by a conventional index (SLEDAL).

Results. Autoantibodies to GABARBs were exclusive to patients with SLE (P<0.001) and positively associated
with SLEDAI (anti-GABARBLb, P = 0.001; anti-GABARB2, P<0.001). Of note, autoantibodies were positively
linked with NPSLE (anti-GABARBLb, P = 0.02; anti-GABARB?2, P = 0.03). Moreover, anti- GABARBSs was
detected in 61.5% of CSF samples from patients with active NPSLE, a frequency that was significantly higher
than that for patients with non-SLE syndromes.

Conclusion. Anti-GABARB antibodies could represent novel candidate markers for disease activity and
NPSLE.
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Sample @ : Phenyl sepharose 0.05MAmmonium Sulfate Flow Through 3.23mL (11/18)
+ 0.ImMNaPi, 150mMNaCl (pH6.8) 25.8mL (9X dilution)
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