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Supplemental Methods

Sources of nucleoside, oligonucleotides, nanobody, and protein

The artificial nucleoside triphosphate (dDsTP) was synthesized as described
previously." 2 The oligonucleotides TAGX-0004 and ARC1779 (without polyethylene
glycol [PEG]) were synthesized by and purchased from GeneDesign, Inc. (Osaka,
Japan). The oligonucleotide sequence of TAGX-0004 (as Rn-DsDs-51mh2)? and that of
ARC1779* were reported previously. The anti-human VWF nanobody caplacizumab (as
TAB-234) was purchased from Creative-Biolabs (NY, USA). Briefly, the nanobody was
expressed in E. coli, purified by Ni affinity chromatography and ultrafiltration, and then
subjected to 0.2-micron sterile filtration. The recombinant human VWF Al domain
protein was purchased from U-Protein Express BV (Utrecht, Netherlands), and used for

the measurement of binding affinity to anti-human VWF A1 agents using SPR.

Alanine-scanning mutagenesis

Based on previous reports that described the interaction between VWF Al and
GPIb,® botrocetin,® or ARC1172,” we designed 16 alanine-substituted mutants of the
human VWF A1 domain (R1287, K1312, R1334, R1336, K1348, K1362, F1366, K1371,
E1376, R1392, R1395, R1399, K1406, K1423, R1426, and K1430). These
alanine-substituted mutants were expressed the Al domain of 217 residues, which are
located V1252 to T1481. Of these, R1334, K1362, F1366, K1371, and E1376 were
previously reported to bind to the GPIb domain based on the crystal structure of the
GPIba—VWF Al complex.’ Five amino acid residues (K1362, R1392, R1395, R1399,
and K1430) were found to be important to contribute the BIPA.® Six amino acid
residues (R1287, K1362, F1366, R1392, R1395, and K1423) were reported to be
binding sites for ARC1172 (from which ARC1779 was derived).” These mutant proteins
were generated using a cell-free expression system (Taiyo Nippon Sanso Corporation,

Tokyo, Japan).

Platelet Aggregation Test (PAT)
PAT was performed with PRP313M aggregometer (TAIYO Instruments INC, Osaka,
Japan). Aggregation inducing substances and their final concentration were as follows;

ristocetin (1.5 mg/mL), botrocetin (1.0 pg/mL), collagen (4 pg/mL), epinephrine



(1.0x10# M) and adenosine diphosphate (ADP) (1.0x10 M). The purification method
of botrocetin from the venom of Bothrops jararaca was previously reported in detail.®
Ristocetin was purchased from ABP Ltd. (Middlesex, UK). Collagen, epinephrine and
ADP were purchased from ARKLAY Inc. (Kyoto, Japan). The citrated blood was
obtained from a healthy volunteer who had taken neither antiplatelet nor anticoagulation
agents for at least 7 days. Platelet rich plasma (PRP) was prepared from the collected
citrated blood by centrifugation at 60 g in 25°C for 20 min, then the remaining PRP was
centrifuged at 2000 g for 20 min to obtain platelet poor plasma (PPP). Platelet count of
PRP was measured in each analysis and confirmed around 300x10°/L. For PAT, PRP of
230 pL was aliquoted into a cuvette, and while mixing with a stir bar, 10 pL of each
agent (PBS, aptamer or caplacizumab solution) was added and incubated at 37°C for 1
min. Then, 10 pL of each aggregation inducing substance was applied to the cuvette.
The final concentration of the aptamer ranged from 0 to 1000 nM, and those of
caplacizumab from 0 to 100 nM. The change in light transmission of PRP at 37°C for 6
min was monitored and the aggregation rate was calculated using that of PPP as a
background. The inhibitory effect was evaluated by comparing the aggregation rate of

each aptamer to that of PBS.

Total thrombus formation analysis system (T-TAS)

The T-TAS® (Zacros, Fujimori Kogyo Co. Ltd., Tokyo, Japan) is a micro-chip
flow-chamber device used to visually and quantitatively analyze thrombus formation in
whole blood samples under various blood flow conditions.” A platelet chip coated with
type I collagen was used to assess platelet thrombus formation at high shear rates.
Whole blood anticoagulated with hirudin was obtained from a healthy volunteer. Then,
490 uL of whole blood sample and 10 pL of each agent (PBS, aptamer, or caplacizumab
solution) were mixed gently. The final concentrations of the aptamers were 0, 10, 50,
100, 500, and 1000 nM, and those of caplacizumab were 0, 10, 50, and 100 nM.
Subsequently, 320 puL of each blood sample was applied to the collagen-coated capillary
at flow rates of 24 pL/min, corresponding to initial wall shear rates of 2000/second. In
this assay, as the platelet thrombus grew, the microcapillaries gradually became
occluded, resulting in an increase in flow pressure. The analysis was automatically

stopped when the microcapillaries were completely occluded.



Electrophoresis mobility shift assay (EMSA)

The binding abilities of the two aptamers to the human VWF Al domain and its
alanine-substituted mutants were analyzed by EMSA. Each aptamer was diluted in 1x
PBS, denatured at 95 °C for 5 min, and then cooled down slowly to 4 °C for 30 min.
Each aptamer (final concentration 100 nM) was mixed with recombinant VWF A1l
(final concentration 0 to 800 nM) in binding buffer (1x PBS, 0.005% [w/v] NP-40) and
incubated at 37 °C for 30 min, then subjected to 8% native PAGE in 0.5x TBE buffer
for 50 min at room temperature (200 V/cm). The aptamer-VWF Al complexes were
separated from the free aptamers, and the band patterns were detected by staining with
SYBR Gold. The signal intensities were analyzed using Imagel] software.!® The

dissociation rate (Kp) was calculated by Scatchard plot analysis.

Surface plasmon resonance

Competition assays with the two aptamers were performed by SPR analysis using
Biacore T200 (GE Healthcare UK Ltd., Little Chalfont, UK), as described previously.?
Briefly, the experiment was performed at 37 °C in running buffer (1x PBS, 0.05%
NP-40) and 50 mM NaOH for regeneration. Biotinylated TAGX-0004 was immobilized
on a sensor chip SA (GE Healthcare UK Ltd.). The competing aptamer (TAGX-0004 or
ARCI1779, final concentration 0 to 100 nM) was mixed with VWF Al (final
concentration 5 nM) and incubated at 37 °C for 30 min, then the mixed samples were
injected in running buffer. Measurement conditions used were at a flow rate of 100
pL/min, protein injection time of 150 sec, and dissociation time of 450 sec.

We also performed SPR analysis to investigate the binding site of the VWF Al
domain to caplacizumab. The experiment was performed at 25 °C in running buffer (10
mM HEPES pH 7.4, 140 mM NaCl, 3 mM EDTA, 0.005% Tween20) and 10 mM
glycine-HCI pH 1.5 for regeneration. Caplacizumab was immobilized on a sensor chip
CMS5 (GE Healthcare UK Ltd.) by amino coupling, then a series of alanine-substituted
mutants of VWF Al (final concentration 5 nM) were injected as the analytes.
Measurement conditions tested were at a flow rate of 50 uL/min, contact time of 150

sec, and dissociation time of 450 sec.

Structure models of the VWF Al domain

Three-dimensional (3D) structure models of the VWF Al domain were visualized



with the PyMOL Molecular Graphics System (DeLano Scientific, San Carlos, USA).
Using these 3D models, the amino acid residues essential for binding to TAGX-0004,

ARC1779, or caplacizumab were compared each other.



Supplemental Figure
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Supplementary Figure 1  Competition assay using surface plasmon resonance
(SPR) to analyze the binding activity of TAGX-0004 and ARC1779

A competition assay was performed with SPR using Biacore. Biotinylated
TAGX-0004 was immobilized on the sensor chip SA. Then, wild-type (WT) VWF Al
with a competitor aptamer (TAGX-0004 or ARC1779) was injected. The upper panel
shows results of a self-competition assay using TAGX-0004; the amount of WT VWF
Al that bound to the chip decreased with increasing concentrations of competitor
TAGX-0004. For ARC1779, the lower panel shows that the response unit value (the
amount of WT VWF Al) also decreased with increasing concentrations of ARC1779.
These results indicate that TAGX-0004 and ARC1779 bound to similar regions on the
VWF Al domain.
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