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Abstract

Background: Thrombus formation involves coagulation proteins and platelets. The
latter, referred to as platelet-mediated thrombogenesis, is predominant in arterial
circulation. Platelet thrombogenesis follows vascular injury when extracellular von
Willebrand factor (VWF) binds via its A3 domain to exposed collagen, and the free
VWEF A1 domain binds to platelet glycoprotein Ib (GPIb).

Objectives: To characterize the antiplatelet/antithrombotic activity of the pegylated
VWEF antagonist aptamer BT200 and identify the aptamer VWF binding site.
Methods: BT100 is an optimized aptamer synthesized by solid-phase chemistry and
pegylated (BT200) by standard conjugation chemistry. The affinity of BT200 for puri-
fied human VWEF was evaluated as was VWEF inhibition in monkey and human plasma.
Efficacy of BT200 was assessed in the monkey FeCl, femoral artery thrombosis model.
Results: BT200 bound human VWF at an EC,, of 5.0 nmol/L and inhibited VWF
A1l domain activity in monkey and human plasma with mean 1C,, values of 183 and
70 nmol/L. BT200 administration to cynomolgus monkeys caused a time-depend-
ent and dose-dependent effect on VWF Al domain activity and inhibited platelet
function as measured by collagen adenosine diphosphate closure time in the plate-
let function analyzer. BT200 demonstrated a bioavailability of 277% and exhibited a
half-life of >100 hours after subcutaneous injection. The treatment effectively pre-
vented arterial occlusion in an FeCl,-induced thrombosis model in monkeys.
Conclusions: BT200 has shown promising inhibition of human VWEF in vitro and pre-
vented arterial occlusion in non-human primates. These data including a long half-life
after subcutaneous injections provide a strong rationale for ongoing clinical develop-
ment of BT200.
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1 | INTRODUCTION

von Willebrand factor (VWF) is essential for the first step in maintain-
ing hemostasis, ie, arresting hemorrhage at sites where there has been
a break in the integrity of the vasculature.! VWF makes a molecular
bridge between the collagen structural matrix that underlies the vas-
cular endothelium and circulating blood platelets,? enabling platelets
to adhere to sites of vessel damage and initiate formation of thrombus
in order to arrest hemorrhage.® In addition to its role in maintaining
hemostasis, VWF plays a role in shear-dependent thrombogenesis,*
which can occur in stenotic coronary arteries or ruptured atheroscle-
rotic plaque lesions.>> An exaggerated platelet aggregation response
at sites of vascular damage or artherosclerotic plaque rupture can lead
to the development of vascular occlusive thrombi.® Animal models in
mice, pigs, and dogs have shown that VWF deficiency protects against
occlusive arterial thrombi.®” Thrombus development in the coronary
and cerebral arteries is the most common cause of mortality and mor-
bidity, worldwide,8 precipitating myocardial infarction or ischemic
stroke, respectively. In fact, atherosclerotic lesions causing myocar-
dial infarction or stroke may be ideal targets for VWF inhibitors.®?2
Recently, a VWF inhibitor has been authorized for acquired

thrombotic thrombocytopenic purpura,’®** a rare disease which is

complicated by microthrombotic'>*

or more rarely by even fatal mac-
rothrombotic events such as myocardial”’18 or cerebral infarction.**
This could encourage broader development of VWF inhibitors against
arterial thrombosis. In this study, we characterized the anti-VWF ap-
tamer BT200 using purified human VWF and plasma from both cyno-
molgus monkeys and humans. The influence of BT200 on VWF-platelet
interaction was evaluated in vitro using human and cynomolgus mon-
key whole blood and in vivo following intravenous and subcutaneous
administration to monkeys. In addition, the effect of BT200 on throm-

bus formation was evaluated in a femoral artery thrombosis model.

2 | METHODS
2.1 | Discovery of BT100

ARC15105 is a second-generation VWF inhibition aptamer with
fully 2’OME modified chemistry that demonstrated inhibition of
shear-induced platelet plug formation with a prolonged a half-life.'?
With a very short five base-pair in a typical stem-loop structure,
ARC15105 is not stable especially at elevated temperature at 37°C.
In order to increase the structural stability, four more extra base-
pairs were added to generate BT100 with improved potency (patent
#WO0/2018/213697).

2.2 | Oligonucleotide synthesis and polyethylene
gylcol conjugation

BT100, the unpegylated free nucleotide, was synthesized on an

AKTA Oligopilot (Amersham Pharmacia Biotech) using standard

Essentials

e BT200 is a pegylated aptamer that inhibits von
Willebrand factor (VWF) binding to platelet GPlb.

e BT200 was tested in vitro using human VWF and in cy-
nomolgus monkeys in a Folts model.

e BT200 potently inhibited human VWF and thrombotic
arterial occlusion in monkeys.

e The long half-life after subcutaneous injection further
supports ongoing clinical development.

phosphoramidite solid-phase chemistry. All phosphoramidites were
acquired from Hongene Biotechnology Limited. BT-100 was synthe-
sized with a free amine group attached to the 5'-end through a six-car-
bon linker. Purified BT-100 was then mixed with N-hydroxysuccinimide
(NHS)-activated branched 40K-PEG (catalog number Y-NHS-40K;
JenKem Technology USA, Inc.) at a molar ratio of BT-100 to NHS-
activated branched 40K-PEG of 1:2. The reaction proceeded over-
night at room temperature. The resultant was purified through
anion-exchange and ultrafiltration to remove unconjugated 40K-PEG
and BT-100, and BT-200, the 40K-PEG form, was obtained (Figure 1).

2.3 | Cocrystallization of BT100 with VWF
Al domain

The VWF A1 domain has been previously purified and cocrystal-
lized with a DNA aptamer ARC1172.2° Similar protein purification,
crystallization, and data collection method was used. The diffraction
data on the crystal of VWF A1/BT-100 RNA was collected at SSRF
beam line 17U1 and processed to 2.09 Angstrom resolution in space
group P21212 using XDS. A heterodimer was located in the asym-
metric unit when using Phaser as a molecular replacement program
with search model PDB ID 1SQO. After the initial refinement using
program Refmac5, the density of RNA was observed. Then, cycles of
model building using Coot and refinement was iterated to complete
the final structure of VWF A1/BT-100 aptamer RNA.

2.4 | Invitro binding of BT200 to purified
human VWF

The affinity of BT200 for purified human VWF was evaluated
using an enzyme-linked immunosorbent assay (ELISA) method. In
this study, purified human VWF protein (Sino Biological; Catalog
Number 10973-H08c) was dissolved in Dulbecco's phosphate
buffered saline (dPBS) buffer at 10 pg/mL and 100 uL of this so-
lution was added to each well of a Nunc Maxisorp 96-well plate
(Nunc™ 446612). The plate was incubated overnight at 4°C. The
plate was then washed and blocked by 5% bovine serum albumin
(BSA) in dPBS at room temperature for 90 minutes. The blocked
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FIGURE 1 A, Secondary structure of the anti von Willebrand factor aptamer BT200. The letter “m” stands for methylated and the letters
ACGU for the nucleobases adenine, cytosine, guanine, and uracil. B, Cocrystal structure of the unpegylated aptamer BT100 with the von

Willebrand factor A1 domain

plate was then washed and serially diluted BT200 concentrations
were added into the plate and incubated at 37°C for 2 hours.
Following washing, 100 uL of recombinant rabbit monoclonal anti-
polyethylene glycol antibody (PEG-B-47 [from Abcam #ab51257])
at 1 ug/mLin 1% BSA/dPBS was added to each well and incubated

for 1 hour at room temperature. The washed plate then had
100 pL of horseradish peroxidise (HRP) linked goat anti-rabbit
(Cell Signaling Technology, Catalog Number 7074) in dPBS with
1% BSA added to each well for 60 minutes at room temperature.
To detect HRP, 100 pL of Slow TMB solution was added to each
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well and incubated at room temperature for 30 minutes. To stop
the reaction, 100 pL of 2 N H,SO, was added to each well and

the plate was then read at 450 nm for absorbance and the mean

absorbance under each set of conditions was recorded.

2.5 | Invitro inhibition of antibody binding
to the VWF A1 domain in cynomolgus monkey and
human plasma

Whole blood was drawn from three cynomolgus monkeys into
blood collection tubes containing 3.2% sodium citrate (9:1) and
plasma was separated by centrifugation at 1800 g. A BT200 stock
solution of 1 mg/mL in PBS was diluted into plasma to final con-
centrations of 1, 3, 10, 30, 100, 300 nmol/L, and 1 and 3 pumol/L.

Citrated human plasma was acquired from Jiangsu Provincial
Institute of Hematology, which provides non-O plasma for normal
human sample mixing. A 10 mg/mL (1 mmol/L) BT200 stock solution
in 0.85% NaCl was diluted into plasma samples to final concentra-
tions of 1, 3, 10, 100, 300 nmol/L, and 1 umol/L.

The REAADS® VWF Activity Test Kit (Corgenix, Catalog Number
10826) was utilized to measure the effects of BT200 on functional
VWEF in these monkey and human plasma samples. A monoclonal
antibody specific for the portion of VWF, which binds platelets, is
coated to the 96-microwell plates.??? Diluted plasma samples are in-
cubated in the wells, which are washed and bound antigen is detected
by a horseradish peroxidase conjugated anti-human VWF detection
antibody.

Analysis of VWF activity was performed according to manufac-
turer's instructions. VWF activity in relative percent concentration
is determined against a curve made from the reference plasma pro-
vided with the kit. For each incubation condition, VWF activity was
reported in percent (%) of normal, relative to a calibrator that has been
standardized against the third International Standard for factor VIII
and VWEF in plasma. This activity was then plotted against BT200 con-
centration to determine the concentration resulting in 50% inhibition
(IC50) values.

2.6 | Determination of VWEF ristocetin cofactor
activity (RCo) and Gp1b binding activity

VWF:RCo (BC von Willebrand reagent [Siemens]) and VWF glyco-
protein Ib (Gplb) binding activity (Innovance, Siemens) were deter-

mined by commercially available assays as described previously.?%%4

2.7 | Inhibition of VWF-platelet binding activity
in cynomolgus monkeys following intravenous and
subcutaneous administration

Inhibition of VWF-platelet binding activity was evaluated follow-

ing intravenous (IV) and subcutaneous (SC) injection of BT200 to

cynomolgus monkeys as bolus doses in 0.9% saline. Three 3- to
5-year-old male cynomolgus monkeys (Guangzhou Aojun Biotech
Ltd.) with body weights ranging from 3.5 to 5 kg were used. One
monkey was infused BT200 IV at a dose of 3 mg/kg and two ad-
ditional monkeys received BT200 SC at doses of 1 and 3 mg/kg,
respectively. Citrated blood was drawn prior to dosing and at 1, 4,
8, 24,48, 96, 168, 240, and 336 hours post-administration and ana-
lyzed using the REAADS® VWF Activity Test Kit.

2.8 | Effect of BT200 on VWF-dependent platelet
plug formation in cynomolgus monkey and human
whole blood

Sixteen cynomolgus monkeys (2.6-3.9 kg, 3-5 years of age) were ob-
tained from Xishan Zhongke Laboratory Animal Co. Human blood
was collected from 14 healthy volunteers (seven males, seven fe-
males) with ages ranging from 25 to 60 years and different blood
types (A [4], B [3], AB [3], O [4]).

Samples were prepared from whole blood drawn into citrated
(0.32%) blood collection tubes. BT200 stock solutions in 0.9% NaCl
were added to citrated blood samples to final concentrations of
1, 10, 40, 60, 80, 100 and 300 nmol/L; and 1 umol/L in monkey
samples and 0.1, 0.3, 1, 3, 6, 10, 20, 30, 100, 300 nmol/L; 1 and
3 umol/L in human samples. After incubation at 37°C for 15 min-
utes, platelet plug formation was measured by collagen/adenos-
ine diphosphate-induced closure time (CADP-CT) with a platelet
function analyzer, PFA-200 (Siemens). Normal saline was used as a
negative control. Maximal CT measured by the PFA 200 is 5 min-
utes and the instrument gives a result of >300 seconds if this time
is exceeded.

2.9 | Pharmacokinetics of BT200 in
cynomolgus monkeys

In a single-dose pharmacokinetics (PK) study in cynomolgus monkey,
BT200 was injected SC at single doses of 0.5, 2, 10 mg/kg (three
monkeys per sex and dose group). In addition, BT200 was infused IV
at a single dose of 2 mg/kg (three monkeys per sex and dose group)
to investigate the bioavailability of BT200.

2.10 | Effect of BT200 on FeCl,;-induced femoral
artery thrombosis

The effects of three different single doses of BT200 and a reference
drug, tirofiban hydrochloride (a GPlIbllla inhibitor), on thrombus for-
mation and bleeding time were evaluated in a FeCl,-induced throm-
bosis model?® in femoral arteries of cynomolgus monkeys. Fifteen
male cynomolgus monkeys (Guangxi Guidong Primate Development
Experiment Co., Ltd.) weighing between 2.9 and 4.3 kg and aged 3
to 5 years were used for the experiments. In the initial experiment,
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the animals were randomly divided into three groups (N = 5/group)
according to body weight and treated either subcutaneously with
vehicle (phosphate buffered saline) or BT200 (1 mg/kg) or intra-
venously with tirofiban hydrochloride (0.06 mg/kg, Lunanbeite
Pharmaceutical Co., Ltd.). After the first experiment, 10 animals
were assigned to a 4-week washout period and then regrouped into
two groups (N = 5/group) and treated subcutaneously with BT200
at 50 or 100 pg/kg.

Animals receiving vehicle or BT200 were dosed at 24 hours prior
to FeCl, treatment while animals receiving tirofiban hydrochloride
were dosed 1 hour before FeCl, treatment. One hour before FeCl,
thrombus induction, each animal received intramuscular injection
of 1.5 mg/kg Zoletil followed by induction of anesthesia with 2%
to 3% isoflurane with an oxygen exchange rate of 2 L/min. Once
animals were fully anesthetized, 1.5% isoflurane was used for main-
tenance. The experimental animals were placed on a constant-tem-
perature warming plate to maintain a constant body temperature.
Blood pressure, heart rate, and body temperature were monitored
throughout the procedure. A blunt instrument was used to expose
approximately 2 to 3 cm of the left femoral artery, and the exposed
blood vessel was covered with gauze soaked in (37°C) normal saline,
to maintain moisture and protect the tissue at the site of vascular
separation. A Doppler probe was placed on the exposed left femoral
artery. Before placement, the probe was filled with acoustic coupling
gel to prevent air bubbles in the gel. The probe was placed perpen-
dicular to the blood vessel. Blood flow was continuously monitored
and recorded.

Prior to FeCl, treatment, blood flow was monitored for a mini-
mum of 5 minutes; this record served as the baseline blood flow. Two
sheets of filter paper (3 x 5 mm) were soaked with 40% FeCl, solu-
tion and externally applied to the surface of the vascular adventitia
upstream of the probe for 10 minutes, one at the anterior arterial
wall and one at the posterior arterial wall. After removing the filter
paper, a cotton swab soaked in normal saline was used to swab the
wound, to clear away any residual FeCl; and keep the blood ves-
sel moist. Measurement of blood flow continued for 60 minutes or
until the blood flow was completely occluded (a blood flow rate of
0). During this process, the two parameters reflecting thrombus for-
mation time were: (a) timing from the beginning of FeCl, treatment
to when the blood flow rate dropped to 20% or less of the baseline
blood flow rate, and (b) time when the blood flow was completely
occluded, ie, the blood flow rate was 0.

Bleeding time was measured before infusion (-24 hours) and
24 hours after infusion (O hour) in the vehicle and BT200 treated
groups. In the tirofiban group, bleeding time was measured be-
fore infusion (-1 hour) and 1 hour after infusion (O hour). The skin
on the ventral side of the experiment animal's upper limb was pre-
pared with Anerdian disinfection. Keeping the skin suitably taut and
avoiding visible areas of superficial vein distribution, a bleeding time
device was placed against the skin and a longitudinal incision (1 cm
long, 1 mm wide, and 5 mm deep) was made. Following the incision,
sterile filter paper was lightly touched to the surface of the wound

every 15 seconds, until the filter paper showed no obvious traces of
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blood. The time to no obvious traces of blood was recorded as the
bleeding time.

In addition to measuring the effects on blood flow and bleed-
ing time, the effects of BT200 on VWF activity (measured using
REAADS®), CADP-CT (measured using the PFA 200), and ADP-
induced platelet aggregation were evaluated. These effects were
measured in blood samples taken at -24 hours (baseline value),
-18 hours (intermediate value), O hour (peak), and 1.5 hours follow-
ing FeCl, treatment for the vehicle control and BT200-treated ani-
mals. Blood samples were also collected for BT200-treated animals
at -24, -18, 0, and 1.5 hours following FeCl, infusion for the deter-
mination of plasma BT200 concentrations using a high-performance
liquid chromatography-ultraviolet (HPLC-UV) method with a lower
limit of quantitation of 0.5 pg/mL.

2.11 | Statistical analysis

Data are presented as mean and standard deviations or standard
error of the mean. For reasons of statistical robustness, non-para-
metric analyses were used where P values are indicated. A Friedman
analysis of variance (ANOVA) followed by Wilcoxon test was used
for paired samples, and a Kruskal-Wallis ANOVA followed by U test
for unpaired samples. A P < .05 was considered significant and a
Bonferroni correction applies to multiple comparisons (eg, tirofiban
and BT200 vs control), but P-value corrections were not performed
for post-hoc tests in which the ANOVA was highly significant and

concentration- and/or time-dependent effects were tested.

3 | RESULTS

3.1 | Cocrystallization of BT100 with vWF A1l
domain

Multiple nucleotides of BT-100 directly interacted with amino
acid residues of the recombinant VWF Al domain, and mostly
these nucleotides reside in the loop, suggesting that the loop se-
quences provided the VWF A1l domain binding interaction while
the stem sequences provided the aptamer structural stability. For
example, ARG632 provides interaction with 19 mA and 20 mU and
ARG636 provides multiple contacts with 10 mC, 11 mU, and 12 mA.
Additionally, 9 mC interacts with GLN639 and 15 mA interacts with
GLN604. Very similar to ARC1172, BT100 occupies mostly the

botrocetin binding surface on the VWF A1 domain.?°

3.2 | BT200 binds to purified human VWF with
high affinity

BT200 binding to purified human VWF protein was evaluated at con-
centrations ranging from 0.03 to 1000 nmol/L. BT200 bound to pu-

rified human VWF in a concentration-dependent manner (Figure 2).
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FIGURE 2 Binding of BT200 to purified human von Willebrand
factor. EC50, Concentration resulting in 50% maximal effect;
nmol/L, nanomolar; OD, optical density; data are presented

as mean absorbance * SD for each concentration (N = 6/
concentration)

The mean concentration resulting in 50% maximal absorbance (Ecso) in
three independent experiments was 5.0 nmol/L (51 ng/mL) with a co-
efficient of variation (CV) value of 11%. The results of this in vitro bind-
ing study demonstrate that BT200 binds to VWF with high affinity.

3.3 | BT200 inhibits VWF-platelet binding activity
in plasma from cynomolgus monkeys and humans

BT200 caused a concentration-dependent inhibition of VWF A1 do-
main activity in cynomolgus monkey plasma measured as inhibition of
the REAADS® assay Al antibody binding. A mean IC,, value for the
three monkeys of 183 nmol/L was measured (Figure 3). As in monkeys,
BT200 caused a concentration-dependent inhibition of VWF A1l do-
main activity in human plasma (Figure 3); the IC. values determined in
three independent experiments had an average of 70 nmol/L.
Further, BT200 concentration-dependently inhibited VWF:RCo
and VWF:Gplb binding activity (Figure S1 in supporting information).
The results suggest that inhibition of VWF by BT200 in both mon-

key and human plasma was mediated by blocking the A1 domain.

3.4 | BT200 inhibits VWF-platelet binding
activity following intravenous and subcutaneous
administration to cynomolgus monkeys

BT200 administration to monkeys caused a time-dependent and dose-
dependent effect on VWF A1 domain activity (Figure 4). The effects
following IV infusion appeared to peak at the 1-hour post-dose time
point, and persisted for >168 hours. Following SC injection, maxi-
mum effects were seen at 8 to 24 hours post-dose and persisted for
96 hours (1 mg/kg) to >168 hours (3 mg/kg) post-dose. The magnitude

and duration of the effect was similar following IV or SC administration

@ Monkey, IC5, = 183 nmol/L
& Human, 1C5, =70 nmol/L

—_ A A
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FIGURE 3 Effect of BT200 on von Willebrand factor (VWF)
A1 domain activity in cynomolgus monkey and human plasma as
measured using the REAADS® activity assay. VWF A1 domain
activity is presented as relative percent concentration, which
was determined against a curve made from the reference plasma
provided with the kit

_
o = N
o O O

@ 3mg/kg IV
& 1 mg/kg SC
8 3 mg/kg SC

VWEF activity (% of normal)
= N W H O D®N O
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FIGURE 4 Effect of BT200 on VWF activity in monkeys
following IV and SC administration as measured using the
REAADS® activity assay. VWF A1 domain activity is presented
as relative percent concentration which was determined against
a curve made from the reference plasma provided with the kit.
1V, intravenous infusion; SC, subcutaneous injection; VWF, von
Willebrand factor

of a 3 mg/kg dose. The results demonstrate a high affinity and long-
lasting interaction between BT200 and the A1 domain of VWF in vivo.

3.5 | BT200 inhibits VWF dependent platelet
plug formation in whole blood from cynomolgus
monkeys and humans

BT200 inhibited platelet function under high shear rates in whole

blood collected from cynomolgus monkeys, as evidenced by a
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TABLE 1 Collagen/adenosine diphosphate-induced closure
time in cynomolgus monkey and human blood samples following
incubation with BT200

Closure time (s), mean = SD

BT200 (pg/mL) Cynomolgus monkey (N = 16) Human (N = 14)
0 56+9 92.3+21
0.001 B 101 + 23
0.003 - 919 +14
0.01 55+ 10 94.3 +18
0.03 - 102 £ 21
0.06 - 112+ 31
0.1 59+7 140 + 44***
0.2 B 182 + 59***
0.3 N 281 + 32***
0.4 83+25 -

0.6 136 + 74*** -

0.8 231 £ 86*** B

1 289 + 30*** >300 + 0***
8 >300 + 0*** >300 + 0***
10 >300 + 0*** >300 + 0***
30 B >300 + 0***

-Concentration not tested.
***p <.001.

TABLE 2 Pharmacokinetic parameters
(mean £ SD) of BT200 in cynomolgus
monkeys after a single administration at
0.5, 2, and 10 mg/kg

PK parameter
AUC,, g (h-pg/mL)
AUC,, (h-pg/mL)
Co (ng/mL)

Cl,y (mL/h/kg)
Co (1g/mL)
MRT,.., (h)

Ti5, ()

Toax (N

CI/F,
Vss,
VZops
Vz/F,
F

obs (ML/h/kg)
obs (ML/kg)
(mL/kg)
(mL/kg)

obs

Abbreviations: AUC

0-0OBS’
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concentration-dependent increase in CADP-CT (Table 1). Incubation
with BT200 concentrations of 20.6 pg/mL significantly prolonged
CADP-CT (P < .001) when compared to vehicle control. No sex-
dependent differences were seen (analysis not shown). BT200 also
inhibited platelet plug formation in human whole blood in a con-
centration-dependent manner (Table 1). In human blood, significant
prolongation of CADP-CT was seen at concentrations 2 0.1 pg/mL.

3.6 | Pharmacokinetics of BT200 in
cynomolgus monkeys

The PK and ratio of exposure parameters following a single dose of
BT200 are presented in Table 2. In summary, plasma exposures as

measured by peak concentration (C__ ), area under the concentra-

max
tion time curve from time O to the last quantifiable time point esti-
mated using the linear log trapezoidal rule (AUC,,,), and area under
the concentration time curve from time O to infinity (AUC__,5c) were
linear from 0.5 to 10 mg/kg in cynomolgus monkey. The T, , was
approximately 3.75 days. The average bioavailability of BT200 fol-
lowing SC injection calculated from the ratio of mean AUC__ . after
2 mg/kg was 77.5%. No significant sex differences were observed in
systemic exposure of BT200 (area under the concentration versus

time curve [AUC] and C

max)’

Intravenous Subcutaneous

2 mg/kg 0.5 mg/kg 2 mg/kg 10 mg/kg
4750 + 906 1080+ 77.9 3680 + 548 23500 * 746
4570 + 896 924 +55.7 3490 + 532 22800 + 768
61.6 +10.0 ND ND ND

0.437 +0.097 ND ND ND

ND 7.01+£0.60 274 +2.56 152+ 14.5
93.1+16.9 88.7 £1.85 104 £ 22.2 129 £5.70
88.2 +20.1° 82.6+10.3° 83.5 £22.67 103 £ 3.5¢
ND 28.0 +3.10 28.0 £ 3.10 30.0 £0.00
ND 0.466 +0.032 0.554 +0.086 0.426 +0.013
46.8+7.58 ND ND ND
54.1+9.94 ND ND ND

ND 55.3 £5.90 65.4 +14.3 63.5+3.84
100% 90.9%~ 77.5% 98.9%~

area under the concentration versus time curve from time O to the
last quantifiable timepoint; AUC

lasp area under the first moment curve from time O to time of

last measurable concentration; C,, initial concentration at time O following bolus intravenous

injection; CI/F .,
clearance of drug; C

max’

apparent total clearance of the drug from plasma after drug administration; CI

obs’

maximum observed concentration; F, bioavailability; ~estimated after dose
normalization of AUC values; MRT
half-life; PK, pharmacokinetics; T

lasp Mean residence time; ND, not determined; T, ,,, elimination

time to maximum concentration after dosing; Vss_, , volume

max’ obs’

of distribution of drug at steady state; Vz/F ., apparent volume of distribution in terminal phase

after drug administration; Vz
*The time intervals for calculation of T
PThe time intervals for calculation of T
“The time intervals for calculation of T

volume of distribution following intravenous administration.
were 240-504 hours.

were 72-240 hours.

were 168-408 hours.

obs’
1/2z
1/2z
1/2z
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3.7 | BT200 inhibits thrombus formation, VWF

activity, and platelet function following subcutaneous
injection to cynomolgus monkeys

Subcutaneous injection of BT200 significantly prolonged the
thrombus formation time in an FeCl;-induced femoral artery
thrombosis model in primates. Increased time to blood flow <20%
of baseline and time to blood flow of O were seen at both 0.1 and
1 mg/kg when compared to the vehicle control-treated group
(Figure 5). There was no vessel occlusion during the 60-minute
observation period following injection of 1 mg/kg BT200. At a
lower dose level of 0.05 mg/kg, BT200 had no significant effect
on thrombus formation time. Infusion of tirofiban hydrochloride
(0.06 mg/kg) prolonged the time to thrombus formation; however,
the differences from the vehicle control group were not signifi-
cant. BT200 decreased VWF antigen levels by 19% versus base-
line, but only by 12% as compared with the control group (Figure
S2 in supporting information).

Inhibition of VWF activity was also noted following infusion of
BT200. Both the magnitude and duration of this inhibition were
dose-dependent. At 1 mg/kg, maximum effects were seen at the
first post-dose evaluation time point of 6 hours post-dose and re-
mained consistent throughout the evaluation period. At the lower
dose levels of 0.05 and 0.1 mg/kg, BT200 significantly inhibited the
activity of VWF at the peak (24 hours post-dose) and 1.5 hours post
FeCl, administration (25.5 hours post-dose) time points (data not
shown). There were no significant differences in the activity of the
VWF when compared to baseline for the vehicle control or tirofiban
hydrochloride (data not shown) treated groups.

Consistent with previous in vitro results, BT200 inhibited plate-
let plug formation as measured by a prolongation in CADP-CT
(Table 3). BT200 extended closure time at both 0.1 and 1 mg/kg

and the magnitude and duration of the effect was dose-dependent.
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BT200 dose dependently increased bleeding time (Figure S3 in sup-
porting information): despite a significant prolongation of bleeding
time at 1 mg/kg (16.7 minutes P = .005 versus 2.8 minutes vehicle),
no signs of bleeding occurred in any animals. There were no differ-
ences in bleeding time before and after infusion in the vehicle con-

trol or tirofiban hydrochloride treated groups.

4 | DISCUSSION

von Willebrand factor is an interesting target for primary or second-
ary prevention of cardiovascular diseases,?® particularly in high-risk
patients. Numerous epidemiologic studies have established that
an excess of VWF predicts an increased risk for both stroke’ and
stroke mortality.?” Conversely, deficiency of VWF may protect
against cardiovascular disease or stroke.?®?’ For example, von
Willebrand disease patients with average VWF levels of 24% had
a 35% to 67% reduced risk for ischemic stroke when compared to
controls, suggesting that partial inhibition of VWF could be protec-
tive in the stroke-prone population.?® The underlying pathophysi-
ologic mechanism of large artery atherosclerosis stroke is likely
shear- and VWF dependent platelet thrombus formation in the set-
ting of atherosclerotic stenosis.”®’ Importantly, VWF and platelet
rich thrombi are more resistant to thrombolysis and are associated
with poorer outcome after revascularization in stroke patients.3°’31

At one end extracellular VWF binds to exposed collagen, for ex-
ample that found in ruptured plaques, via its A3 domain, and at the
other end VWF uses its A1 domain to bind to platelet GPIb, thus
serving as a bridge between collagen and platelets.>?> VWF, there-
fore, is a key player in mouse models of acute stroke.®® Due to its
binding to the Al domain, BT200 pharmacologically blocks the
bridge between collagen and platelets. This property confers a de-

gree of anatomic specificity to the pharmacology of BT200, favoring
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=3 Tirofiban Hydrochloride (0.06 mg/kg)
= BT200 (0.05 mg/kg)

= BT200 (0.1 mg/kg)
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Blood Flow <20% Baseline

Blood Flow =0

FIGURE 5 Effect of BT200 on FeCl;-induced thrombus formation time in monkeys. Time to reduction of blood flow to <20% of baseline
or no blood flow. Time to thrombus formation exceeded the maximum observation period of 2 hours (3600 s) after subcutaneous injection
of 1mg/kg BT200. **P = .008, ***P = .005, Compared with PBS control (Kruskal-Walis analysis of variance followed by U test). SEM, standard

error
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TABLE 3 Effect of BT200 on collagen/
adenosine diphosphate-induced closure
time following subcutaneous injection to
cynomolgus monkeys

Hours post-dose
0

6

24

25.5

jm | 1121

CADP-CT (N = 5/group)®

0.05 mg/kg 0.1 mg/kg
Vehicle control BT200 BT200 1 mg/kg BT200
Mean SEM Mean SEM  Mean SEM  Mean SEM
56 4 70 4 57 2 67 3
61 2 76 6 74 8 300 2
72 5 138* 31 226" 7 300 1
63 5 88> 2 193 1 300** 3

Abbreviations: CADP-CT, collagen/adenosine diphosphate-induced closure time; CT, closure time;
SEM, standard error of the mean.

2CADP-CT was measured using the PFA-200. Results are reported as CT in seconds. The assay has
a maximum of 300 seconds.

*P < .05.

**P < .01 versus vehicle.

arterial over venous circulatory systems, and thromboembolism
from arterial plaque rupture over cardioembolism from atrial fibril-
lation. BT200’s mechanistic site of action is upstream in the cascade
of platelet thrombogenesis from that of conventional platelet inhib-
itors of platelet activation (eg, aspirin, clopidogrel, ticagrelor) and of
platelet aggregation (eg, abciximab, tirofiban), and therefore works
in a complementary fashion with them.

BT200 is an agent offering an innovative approach to second-
ary stroke prevention with a focus on VWF. BT200 is a pegylated
synthetic RNA oligonucleotide drug candidate belonging to the
medicinal chemical family known as aptamers,®* which offers
the opportunity to rapidly develop a reversal agent. Based on the
mechanism of action of BT200, mucosal bleeding will likely be the
predominating type of bleeding, such as epistaxis observed under
caplacizumab.’® Consistent with the effect of caplacizumab in ba-
boons, BT200 also prolonged the bleeding time in cynomolgus mon-
keys. This class effect was associated with increased surgical blood
loss under therapeutic doses of caplacizumab (Cablivi European
Assessment report). Thus, availability of a reversal agent is a desir-
able asset in case emergency reversal of VWF inhibition is needed.

In vivo stability of BT200 is enhanced by its methylated oligo-
nucleotide backbone, while it is also pegylated to improve pharma-
cokinetics and provide a convenient subcutaneous clinical dosing
schedule based on the ~3.5 day T,,, in non-human primates. This
half-life represents a substantial improvement when compared to
the 2-hour half-life of the intravenously infused ARC1779, an an-
ti-VWF aptamer coupled to a 20 kD polyethylene (PEG) residue,*”
which successfully established proof of concept in various patient
populations.3¢3? Whereas drugs conjugated with 20 kD PEG are
usually filtered renally, molecules with larger PEG sizes (>30 kD) are
cleared by the reticulo-endothelial system,40 which is also true for
pegylated aptamers.34

Despite having a similar PEG size to ARC15105," the stem
stabilization found in BT-200 further improved its half-life up to
103 hours after 10mg/kg compared with ARC15105 (~66 hours
after 20 mg/kg) or >3-fold compared with a 8 mg/kg dose of the

nanobody caplacizumab in cynomolgus monkeys.41 However, the
affinity of BT200 for VWEF is in the same low nanomolar range as
caplacizumab. The co-crystallography studies showed that BT200
specifically binds to the A1 domain of primate VWF and thereby in-
hibits VWF binding to platelet GPIb, the first step in the cascade of
platelet-mediated thrombogenesis. Functional inhibition of platelet
thrombogenesis by BT200 has been demonstrated by in vitro human
pharmacology studies and in vivo studies in nonhuman primates de-
scribed in this study. The reduction of VWF antigen levels by <20%
at 24 hours after BT200 injection indicates no major effect on VWF
clearance, which is in contrast to the 46% reduction induced by ca-
placizumab.*? As VWF antigen levels still fell into the high normal
range after BT200 injection, this minor effect is unlikely to play a
major role in the effective prevention of arterial thrombosis seen
in the Folts model. Preclinical testing of novel anti-platelet drugs in
a monkey model is a rarity similar to use of the FeCl; model in pri-
mates. This was not only necessary due to the limited cross-reactiv-
ity of aptamers between species, but it also represents a particular
strength of this study. This is because of interspecies differences in

hemostasis*®

as well as other differences in important physiological
variables between small rodents and larger non-rodents.** However,
the protective effect of BT200 on arterial occlusion in primates
matches the beneficial effects of VWF deficiency or blockade seen
in mice, dogs, or pigs using FeCl, induced arterial occlusion.”*> A
further strength of the monkey study was that it included both a
placebo and the fibrinogen receptor inhibitor tirofiban as an active
control, which was given at a dose that exceeded the loading dose

in humans 2.5-fold.

4.1 | Limitations

While even potent platelet inhibitors like tirofiban or prasugrel do
not optimally inhibit shear-dependent platelet plug formation,***”
we cannot exclude that expanding the limited sample size would

have resulted in a significant effect of tirofiban. However, the 3R
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principle (replacement, refinement, and reduction of animals in
research) mandates the use of minimal sample sizes, particularly
in non-human primate trials. Whereas proof of concept has previ-
ously been established for VWF inhibitors in various animal models
of stroke,® stroke models for stroke recurrence are unfortunately
lacking, as are comorbidities or atherosclerosis in rodent models.**
However, a human trial has already provided proof of concept that
VWEF inhibition by ARC1779 markedly reduces the onset and num-
bers of microembolic signals in patients after carotid endarterec-
tomy, ¢ which are strong predictors of stroke.*® This is encouraging,
because other antiplatelet drugs including clopidogrel did not reduce
the number of microembolic signals after endarterectomy.49

In conclusion, BT200 has shown promising inhibition of human
VWEF in vitro and prevented arterial occlusion in non-human pri-
mates. These data including a long half-life after subcutaneous in-
jections provide a strong rationale for ongoing clinical development
of BT200.
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