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Development of novel therapeutic agents for autoimmune diseases

targeting platelet—neutrophil extracellular traps interaction
Kotaro Matsumoto, Keiko Yoshimoto, Tsutomu Takeuchi , Keio University

Excessive formation of neutrophil extracellular traps (NETs) lead autoimmune diseases such as ANCA-associated vasculitis (AAV). There
are no approved drugs via inhibition of NETs formation. Recent reports suggest that platelets stimulated via toll-like receptor (TLR)
pathways can induce NETs formation, indicating that platelets may be an alternative key player in AAV pathogenesis. Here, we found that
platelets from AAV patients significantly upregulated NETs formation via humoral factor X (Patent pnding). Inhibition of humoral factor X
may improve the pathology of autoimmune diseases such as AAV by suppressing NETs formation, and may be a novel therapeutic agent.

(Isolation of neutrophils and platelets)

Neutrophils were isolated from heparinized blood samples using Mono-Poly Resolving Medium (DS Pharma
Biomedical, Osaka, Japan) and suspended in culture medium containing DMEM at 8°C.

Platelets were prepared as platelet-rich plasma (PRP), containing a large number of platelets from the subject's blood,
and platelet-poor plasma (PPP), the supernatant of PRP prepared by precipitating platelets by centrifugation at room
temperature according to previously published methods.

(Platelet-neutrophil co-culture assay)
Neutrophils were seeded onto 96-well plates (Corning, NY, USA) at 1 x 10° cells per well and preincubated for 2

VJ \_\{

!f extra-cellular DNA

,;X- platelet |

ﬁl : \ f hours before stimulation with pre-stimulated PPP, PRP or culture supernatant. A trans-well assay kit (Corning, NY, USA)
00 @) L / \ with 0.4 pm pore size was used to evaluate the effect of platelet adhesion to neutrophils.
° ; i (Analysis of NETs formation)
a-granile é . P Neutrophils and/or platelets on a 35-mm glass dish (Matsunami, Tokyo, Japan) were incubated with 500 nM Picogreen
& = . \z (Thermo Fisher Scientific, San Jose, CA, USA) to probe extracellularly-released double-stranded DNA (ds-DNA).
humoral factorX M,,o/p‘Ra Confocal fluorescence microscopy (FV-10; Olympus, Tokyo, Japan) was performed in a CO, incubator at 37°C to detect
| | NETs formation. NETs formation from 1 x 10° neutrophils in 300 pL culture medium was quantified by measuring the

fluorescence intensity of Picogreen-labeled extracellular ds-DNA. The area of positive signal of Picogreen was also
Human platelets express various receptors such as toll-like quantified using ImagedJ processing software (U. S. National Institutes of Health, Bethesda, Maryland, USA).
receptor (TLR), and associated with innate and acquired immunity.  (Effects of TLR9-stimulated platelets on NETs formation)
Because platelets can store various humoral factors in granules, To examine the additional effect of TLR signaling, CpG oligodeoxynucleotides (Novus Biologics, Littleton, CO, USA) as
we hypothesized that platelets can be activated by TLR9 and a TLR ligand or control oligodeoxynucleotides (Novus Biologics, Littleton, CO, USA) were added to the culture for
release humoral factors from granules to promote NETs formation.  16-18 hours at 37°C in some experiment.

Platelet—-mediated NETs formation TLR9-stimulated platelets induced NETs In vitro effects of X inhibitor on NETs

Activation of TLR9 signaling pathways in platelet-induced NETs

5 formation by X
icogreen
2 . m Stimulation of platelets with CpG

expressing TLRY, but not other TLRs, than HCs HCs.

(Data not shown).
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NETs formation induced by platelets from AAV 8. B TLR9  antagonist  markedly Humoral factor X induced NETs formation
patients Plateiet inhibited CpG-induced DNA Recombinant human X enhanced NETs formation in a
Representative images showing DNA released from ¢ .obal ‘(ﬂg,’m g Eg EG“ 20" ;D release. *p<0.05. concentration-dependent manner. Scale bar: 100 pm.
NETSs labeled with Picogreen following pretreatment TLR9 antagonist - -+ - -
of neutrophils with PPP or PRP from AAV patients _ P =0.029
or HCs. Scale bar: 100 ym. H B X levels in culture supernatants —_ .
Neutrophils from HCs markedly enhanced NETs g were increased following 8
formation in the presence of platelets from AAV §, - stimulation of platelets with CpG E
patients, whereas platelets from HCs alone did not é . compared with control zZ
induce NETs formation (a-d). ,§ I . i nucleotides, which were partially 3
Platelets from AAV patients partially induced NETs £ suppressed by a TLR9 <
formation, when we cultured neutrophils and a 5 antagonist.
platelets separately using a trans-well insert. Platelet + + + Control IgG + s
Therefore, platelets induce NETs formation via not CpG (ug/mt) 0 Anti-X antibody - +
= . CpG control (ug/mL) 20 0 0
only cell-to-cell contact with neutrophils but also TLAY antagonist - I
humoral factors produced by platelets.
g P =0.022 B Plasma concentrations of X in 16 Anti-X antibody inhibited NETs formation induced
Proportion of platelets expressing TLR2, TLR4 E AAV patients were higher than by AAV platelets
and TLR9 £ 300 those in 7 HCs. An anti-X antibody suppressed the release of DNA from
Flow cytometric analysis revealed that AAV patients ¢ B Plasma concentrations of X were NETs following exposure to platelets from 4
had a significantly higher proportion of platelets E o higher in AAV patients than in independent AAV patients.
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Conclusions and Future plans

» Our findings strongly suggest that factor X is a novel therapeutic target for autoimmune diseases through suppressing NETs formation.

» Establishment of in vitro screening system to search inhibitors against factor X, such as antibodies, aptamers and compounds with small molecules, is
required to develop the novel drugs for the diseases.

» Medicinal efficacy tests with factor X inhibitors indicating suppressive effects of NETs formation using mice models of autoimmune diseases will be
conducted.
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