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Progress report -
Efforts have focused on further characterizing two self-derived, immunogenic molecules that we originally
discovered as critical targets for the evocation and/or aggravation of systemic lupus erythematosus (SLE) and
multiple sclerosis (MS).
(1) SLE project
We previously discovered a chemical compound, termed KN, which suppresses the development of SLE-like disease
in autoimmune prone mouse.  Subsequently, we found that KN selectively binds to a small nuclear RNA (snRNA)
that, normally, is involved in mRNAsplicing. ThissnRNA is implicated in SLE as a result of its potential to potently
activate Toll-like receptor 7 (TLR7), which is known to be involved in the development of autoimmunity. Thus,
our data support a model in which KN suppresses the immunogenicity of sSnRNA thereby attenuating the development
and/or aggravation of SLE via the activation of TLR7.

We further identified the mechanism-of-action of the snRNA and revealed that it is delivered to immune cells
where it activates TLR7 by pre-forming into a complex with an antimicrobial peptide. We also showed that this
complex is recognized and bound by an anti-nuclear antibody (ANA), suggesting the involvement of snRNA-
antimicrobial peptide-ANA multi-complex for the progression of SLE. In asking how the snRNA, which is
normally located intracellularly, is released from the cell we revealed a mechanism by which the snRNA resides in
neutrophil extracellular traps (NET). Notably, many of the molecules externalized through NET formation are
considered to be key autoantigens and implicated in the generation of autoimmune responses in predisposed
individuals, when released by NETosis, a novel form of programed neutrophil death. These results lend further
support to the notion that this SnARNA is a long sought after culprit for the development and/or aggravation of SLE.
Work is now in progress to generate transgenic mice that over-express this SnRNA to demonstrate its gain-of-function
role in the development of autoimmunity.

In addition, in light of emerging data that the KN compound may have cellular toxicity, we are also generating
si-RNAs that inhibits the SnRNA’s immunogenicity for the development of a therapeutic drug for SLE. Finally, we
have also generated data that show there is an elevation of this ShRNA in the sera of SLE patients.

(2) MS project

We previously generated a short oligonucleotide, termed ISM-ODN, that binds to HMGB1 (High Mability Group
Box 1) and inhibits the HMGBL’s role in promoting inflammation and immunity (Proc. Natl. Acad. Sci. U S A.;108,
11542-7, 2011). We subsequently found that ISM ODN suppresses the development of experimental autoimmune
encephalomyelitis (EAE), the most commonly used experimental model for multiple sclerosis (MS).  In this model,
the involvement of DNA-driven TLR9 pathway is known, wherein HMGBL is critical for the DNA-mediated TLR9
activation. Thus, one likely scenario is that ISM ODN suppresses TLR9-mediated events by interfering HMGB1’s
function. Nevertheless, HMGB1 per se may also be involved in neuro-inflammatory responses. We then found
that in EAE mice, perilesional infiltration of inflammatory T cells is inhibited by the treatment of ISM ODN.

To better define the therapeutic potential of ISM ODN for the treatment of MS, we examined its toxicity,
following the guideline of limiting test for non-clinical safe evaluation, and observed no toxicity in mice. In parallel,
in collaboration with a pharmaceutical company, we have initiated efforts to design and express derivatives of ISM
ODN that may be more effective in suppressing extracellular HMGBL1.

Most HMGBL protein is localized within the nucleus where it is released from a cell by a variety of extra-cellular
stimuli such as lipopolysaccharide (LPS) stimulation to exert its inflammatory effects. In order to gain further
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insight into the molecular basis of HMGB1’s release, we analyzed modifications of extracellular HMGB1 and found
a specific lysine acetylation that is critical for this process. Our experiments in vitro indeed revealed that this lysine
residue is critical to the extracellular release of HMGB1. We then generated a genetically engineered strain of mice
carrying a specific mutation of this lysine residue for the purposes of proof-of-mechanisms studies exploring
extracellular HMGBL1 effects on the development of EAE.

Finally, we showed that HMGB1 expression is affected by a single nucleotide polymorphism (SNP; rs201189183).
Further study is underway to examine the relationship between this polymorphism and MS susceptibility
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