
Supplementary Materials and Methods

Reagents
Synthetic procoagulant phospholipids were obtained from
Avanti Polar Lipids Inc. (United States) and added in the
form of vesicles consisting of phosphatidylserine, phosphati-
dylethanolamine, and phosphatidylcholine (1:1:3, mol:mol:
mol). Recombinant human tissue factor (TF; Innovin)was from
Siemens (Germany). Thefluorogenic substrate Z-Gly-Gly-Arg-
aminomethylcoumarine (ZGGR-AMC) was purchased from
Bachem (Switzerland). A thrombin calibrator (α2-macroglob-
ulin-thrombin) and HEPES buffers containing 5 or 60mg/mL
bovine serum albumin (BSA5 and 60, respectively) were
prepared according to Hemker et al.1 The protease-activated
receptor (PAR)-1 agonist thrombin receptor activator peptide
(TRAP; SFLLRN) was purchased from Bachem (Switzerland).
Prostaglandin I2, apyrase, and 2-mercaptoethanol were from
Sigma-Aldrich (United States). Collagen Reagens HORM Sus-
pension (native equine tendon collagen [type I]) was pur-
chased from Takeda (Austria). Cross-linked collagen-related
peptide (CRP-XL) and synthetic triple-helical collagen-mimet-
ic peptides (GFOGER) were purchased from Professor Richard
Farndale (University of Cambridge, United Kingdom). Convul-
xin was purchased from AdipoGen Life Sciences (Switzerland)
and deficient plasmas were purchased from George King Bio-
medical Inc. (United States, congenital factor deficient plasma
with <1% activity) and Haematologic Technologies (United
States). Corn trypsin inhibitor was from Haematologic Tech-
nologies (United States). Purified FX (bovine source) and
purified FXIa (bovine source) were from Synapse Research
Institute, recombinant FVIIa (Novoseven) was from Novo-

Nordisk (Denmark), recombinant FVIII (ReFacto AF) and re-
combinant FIX (BeneFIX) were purchased from Pfizer (United
States), and FIXawas obtainedby activating BeneFIXwith FXIa
with in-house method from Synapse Institute. Active-site
inactivated FVIIa (FVIIai) was provided by Dr. Rolf T. Urbanus
and by Synapse Research Institute. Alexa Fluor 647 conjugated
Annexin A5 was purchased from ThermoFisher Scientific
(United States). Sheep anti-human FVII Ab was from Affinity
Biologicals (Canada). Inhibitory antibodies (Abs) against FVII
(3D1, mouse anti-human), FIX (IEP-5F5, mouse anti-human),
and FXI (mix of αFXI-175 and αFXI-203, mouse anti-human)
were used. The anti-FIX Ab IEP-5F5 is a calcium-dependent
IgG1 monoclonal Ab that binds FIX with an apparent KD of
3nM.2 The Ab is highly inhibitory in thrombin generation
analyses (►Supplementary Figs. S1 and S2) where inhibition
in normal plasma is shown (►Supplementary Fig. S1) in a
dose-dependent fashion, or upon reconstitution of FIX-deplet-
ed plasmawith recombinant FIX (BeneFIX) bringing thrombin
generation down to that in FIX-depleted plasma
(►Supplementary Fig. S2). RIPA lysis and extraction buffer,
halt protease inhibitor cocktail, and goat anti-mouse IgG (HþL)
(Alexa Fluor 680) were purchased from Thermo Fisher Scien-
tific (United States). Mouse anti-human FIX Ab (sc-377187)
waspurchased fromSanta Cruz Biotechnology (United States).
Criterion TGX stain-free precast gel, precision Plus Protein,
Trans-Blot TurboMini PVDF Transfer Pack, 2x Laemmli Sample
Buffer, running buffer (Tris/glycine/SDS)were purchased from
Bio-Rad (United States).

The Abs 175 and 203 are extensively characterized in van
Montfoort et al.3 In short, both Abs prolonged the activated
partial thromboplastin time and reduced FXI activity in

Supplementary Fig. S1 Inhibition of thrombin generation in normal plasma by anti-FIX IEP-5F5. Maximal inhibition is achieved with �90 nM
antibody.
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plasma. In thrombin-generation analyses, 175 inhibits both 1
pM TF and contact system-initiated coagulation, while 203
only inhibits contact system-initiated coagulation. 175
inhibits both FXIIa-mediated and thrombin-mediated FXI
activation in a purified system, while 203 does not interfere
with these activations. In conclusion, for these functional
analyses, 175 inhibits both thrombin- and FXIIa-mediated
activation, while 203 inhibits interaction with HK (also
demonstrated in direct-binding assays). The apparent KDs
for binding to FXI and FXIa are 3 to 5 nM. The epitopes for
binding are apple 4 domain for 175 and apple 2 domain for
203.

Platelet Lysate Preparation
To a pellet of isolated platelets harvested from 9mL citrated
whole blood, 300 µl RIPA lysis buffer with 3 µL halt protease

inhibitor cocktail was added. The mixture was shaken gently
for 15minutes on ice, followed by three freeze–thaw cycles
(�80°C for 8minutes, 37°C for 8minutes). Then cell debriswas
removed by centrifugation at 13,000g for 10minutes, the
supernatant was harvested, aliquoted, and stored at �80°C.

Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis and Western Blotting
Sampleswere 1:2 diluted in sample buffer with or without 2-
mercaptoethanol and incubated for 5minutes at 95°C, and
then subjected to electrophoresis on a 4 to 15% polyacryl-
amide gel. Proteins were subsequently transferred to PVDF
membranes by semidry blotting. Membranes were washed
twice for 5minutes with TBST (500mM NaCl, 20mM Tris,
0.05% Tween, pH 7.4), blockedwith TBST/3% BSA for 1 hour at
room temperature (RT), and then incubatedwith Santa-Cruz

Supplementary Table S1 Thrombin generation induced by collagen or CRP-XL-activated platelets in factor-deficient plasma

Collagen CRP-XL TF control

Lagtime (min) Normal plasma 6.6� 0.6 9.7�2.5 5.6� 0.9 11.1� 2.6

FVII-deficient plasma 11.1� 2.0 18.1�1.3 23.8� 3.5 25.3� 3.3

FXII-deficient plasma 15.2� 8.7 21.5�14.9 8.2� 2.4 35.7� 22.3

FXI-deficient plasma 26.6� 6.7 27.4�11.0 18.3� 13.3 43.9� 21.4

FIX-deficient plasma 60� 0 60� 0 24.5� 16.8 60� 0

FVIII-deficient plasma 46.5� 18.9 60� 0 24.2� 22.0 60� 0

Peak (nM) Normal plasma 251.3�44.6 227.0� 48.5 173.06�35.1 187.3� 38.4

FVII-deficient plasma 125.3�35.6 142.3� 24.8 63.6� 9.3 65.8� 13.7

FXII-deficient plasma 118.5�71.5 119.5� 55.3 106.3�39.7 44.7� 41.2

FXI-deficient plasma 27.7� 14.5 47.8�23.1 51.7� 21.4 6.1� 6.3

FIX-deficient plasma 0� 0 0�0 38.1� 5.1 0� 0

FVIII-deficient plasma 5.8� 8.5 0�0 24.0� 9.8 0� 0

Abbreviations: CRP, collagen-related peptide; TF, tissue factor.
Note: Mean and standard deviation are shown. A lagtime of 60minutes or a peak of 0 indicate a flat curve.

Supplementary Fig. S2 Thrombin generation in FIX-depleted plasma reconstituted with recombinant FIX (BeneFIX). Anti-FIX IEP 5F5 can
completely inhibit the procoagulant function of FIX.
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anti-FIX Ab (1:1,000 in blocking buffer for 1 hour at RTwith
gentle shaking. Subsequently, membranes were washed four
times for 5minutes each with TBST and then incubated with
Alexa Fluor 680 conjugated goat anti-mouse IgG (HþL)

(1:10,000 in blocking buffer) for 1 hour at RT. After washing
themembrane for another four times for 5minutes eachwith
TBST, the membrane was analyzed on a near-infrared Odys-
sey scanner (LI-COR).

Supplementary Fig. S4 GPVI agonists (CRP-XL and convulxin) induce strong exposure of phosphatidylserine (PS) on platelets. PS exposure on
isolated platelets activated with CRP-XL (0.12, 0.6, 3, and 15 µg/mL), convulxin (1.1, 3.3, 10, and 30 ng/mL), TRAP (3.3, 10, 30, and 90 µM),
and CRP-XL (0.12, 0.6, 3, and 15 µg/mL) in combination with 90 µM TRAP and vehicle solvent (control) detected by flow cytometric measurement
of Annexin A5 binding. The percentage of Annexin-A5 positive platelets is expressed as the mean� SEM of 3 donors (A). TG triggered
with 1 µg/mL CRP-XL, 30 µM TRAP, or 1 µg/mL CRP-XL in combination with 30 µM TRAP, 30 µM TRAP with added PL (4 µM), or vehicle
solvent (control) was measured in PRP. Experiments were performed with PRP of three donors and representative curves are shown (B).
CRP, collagen-related peptide; PL, phospholipids.

Supplementary Fig. S3 Specificity of the FXa generation assay. Isolated platelets were incubated with 1 µg/mL CRP-XL, 100 ng/mL convulxin,
30µM TRAP, or 30 µM TRAP with 4 µM PL. As controls, nonactivated platelets (control) and 4 µM PL without platelets (PL) were used.
Subsequently, nothing (A) or 24 IU/mL FVIII (B) were added, and FXa generation was triggered with ZGGR-AMC and CaCl2. FXa generation,
expressed in relative fluorescence units (RLU), measured during 3 hours is shown. CRP, collagen-related peptide; PL, phospholipids.
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Supplementary Fig. S5 An anti-FIX Ab inhibits FXa generation induced by platelet agonists. Isolated platelets were first incubated with anti-FIX
Ab (1–30 µg/mL) or vehicle solvent and subsequently with 1 µg/mL CRP-XL (A), 100 ng/mL convulxin (B), or 30 µM TRAP with 4 µM PL (C). As
controls, nonactivated platelets (no platelet agonist) and 4 µM PL without platelets (PL) were used. Subsequently, 500 nM FX and 24 IU/mL FVIII
were added, and FXa generation was initiated with ZGGR- AMC and CaCl2. Fluorescence was measured for 3 hours, expressed in relative
fluorescence units (RFU). Experiments were repeated with platelets of four donors and representative curves are shown. CRP, collagen-related
peptide; PL, phospholipids.
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Supplementary Fig. S6 An anti-FXI Ab showed limited inhibition on FXa generation induced by CRP-XL activated platelets. Isolated platelets were
first incubated with anti-FXI Ab (1.6–43.3 µg/mL) or vehicle solvent and subsequently with 1 µg/mL CRP-XL. As controls, nonactivated platelets
(no platelet agonist) and 4 µM PL without platelets (PL) were used. Subsequently, 500 nM FX and 24 IU/mL FVIII were added, and FXa generation
was initiated with ZGGR-AMC and CaCl2. Fluorescence was measured for 3 hours and expressed in relative fluorescence units (RFU). Experiments
were repeated with platelets of three donors and representative figures are shown. AB, antibody; CRP, collagen-related peptide; PL,
phospholipids.
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Supplementary Fig. S7 Western blot of platelet lysates. Recombinant human FIX (lane 1), purified human FIXa (lane 2), and platelet lysates
(lane 3), or mercaptoethanol-reduced FIXa (lane 4), or reduced platelet lysates (lane 5) were analyzed.
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