
Supplementary Material

Establishment and Identification of 2bF8trans Mice
FVIIInull mouse (mFVIII�/�) with Exons 16–19 of the mouse
factor VIII (FVIII) gene knocked out has been established by
Dr. Zhugang Wang’s group of Shanghai Jiao Tong University
previously.1 The human αIIb promoter-driven human B-
domain-deleted (hBDD) FVIII vector is a kind gift by Guowei
Zhang, published in a previous study,2 and this vector is used
for developing a transgenic mouse (C57BL/6J background)
expressing hBDD FVIII (2bF8tg) by Cyagen Biosciences
(Guangzhou, China). Then, the transgene-positive offspring
(2bF8tg) werematedwith FVIIInull mice to generatemice that
express the 2bF8 transgene without expression of normal
mouse FVIII (2bF8trans mice).

Genomic DNA was extracted from mouse tail using DNA
extracting kit (TIANAMP GENOMIC DNA KIT, catalog num-
ber: DP304) for genotyping. The polymerase chain reaction
primer sequences for WT, FVIIInull, and 2bF8trans mice gen-
otyping are described in ►Supplementary Table S1. In brief,
the primers P1 and P2 were designed for genotyping of the
positive hBDD FVIII transgene (280bp); the primers P3 and
P4 were designed for genotyping of FVIIInull homozygous
(750 bp); and the primers P5 and P6 were designed for
genotyping of wild-type (WT) control (►Supplementary

Fig. S1A). All experimental procedures were approved by
the Studies Ethics Committee of Ruijin Hospital affiliated
with the Shanghai Jiao Tong University School of Medicine.
All animals were handled in accordancewith the Institution-
al Animal Care and Use Committee guidelines.

Reagents
Anti-CD41antibody (clone MWReg30, 553847) and anti-P-
selectin antibody (RB40.34, ab255822) were purchased from
BD and Abcam Bioscience, respectively. Antifibrin antibody
(clone 59D8) was kindly gifted by Dr. Weiler Hartmut (Blood
Research Institute, Blood Center of Wisconsin, 8727 Water-
town Plank Road,Milwaukee,WI 53226, United States). CD41
antibody was labeled by Alexa Fluor 488 carboxylic acid
(Thermo Fisher Scientific, 2046522), and fibrin antibodywas
labeled by Alexa Fluor 647 carboxylic acid (Thermo Fisher
Scientific, 2181661). Alexa Fluor 647 conjugatefluorescently
labeled fibrinogen was purchased from Life Technologies
(Invitrogen, F35200).

Whole Blood, Plasma and Platelet Lysate Collection
For coagulation studies, blood was drawn from anesthetized
mice via cardiac puncture into 3.8% sodium citrate at a 9:1
ratio. To determine platelet counts, full blood count was
performed on a pocH-100i hematologic analyzer (SYSMEX
company, Japan). For isolation of platelets, blood was drawn
from the retro-orbital plexus into 3.8% sodium citrate at a 9:1
ratio. Platelet-poor plasma and platelet lysates were
obtained by processing of blood collected from the retro-
orbital bleed, as previously described.3

FVIII Activity Assays
FVIII activity (FVIII:C) levels in mouse plasma and platelet
lysate were quantitated using BIOPHEN FVIII:C Kit (HYPHEN
BioMed), as previously described.4,5

Washed Platelet Preparation
Whole blood was drawn via cardiac puncture from WT,
FVIIInull, 2bF8trans mice with 1/10 volume of 3.8% (w/v) triso-
dium citrate. Platelet-rich plasma (PRP) was obtained by a
centrifugation at 200� g for 20minutes. For preparation of
washedplatelets, the PRPwas acidifiedbyadding one-seventh
volume of acid citrate dextrose (85mM trisodium citrate,
83mM dextrose, and 21mM citric acid) and platelets were
collected by centrifugation at 1500� g for 20minutes. The
platelet sediments were washed twice with CGS (120mM
NaCl, 13mM trisodium citrate, 30mM glucose, pH 6.5), and
werefinally resuspendedat required concentrations inHEPES-
Tyrode’s buffer (137mM NaCl, 2mM KCl, 12mM NaHCO3,
0.3mM NaH2PO4, 5.5mM glucose, 1mM CaCl2, 1mM MgCl2
, 5mMHEPES, and 0.1% bovine serum albumin [BSA], pH 7.4).
The platelet suspensions were left at room temperature for
60minutes prior to being used in experiments.

Analysis of Platelet Functions in 2bF8trans Mice
Platelet spreading assays were performed as described in the
literature.6,7 In brief, washed platelets (50 μL) at 2 �106/mL in
Tyrode’s bufferwere incubatedwith immobilizedfibrinogenona
six-well plate (Costar) for 120minutes at 37 °C. After incubation,
the adhered platelets were fixedwith 4% paraformaldehyde and
permeabilizedwith0.2%tritonX-100solution.Toobserveplatelet
spreading, the adherent platelets were stained with rhodamine-
conjugatedphalloidin and the spreading shapes of these platelets
wereobservedbya conventionalfluorescencemicroscope (100�
objective, Nikon company, Japan).

The platelet adhesion assay was performed as previously
described.6,7 In brief, the 96-well microtiter plates were pre-
coated with 20μg/mL of human fibrinogen overnight at 4°C,
andblockedwith2%BSA for 3hours at roomtemperature after
washing with phosphate-buffered saline (PBS). Washed pla-
telets, resuspended at a final concentration of 2�108/mL in
HEPES-Tyrode’s buffer, were allowed to adhere on fibrinogen-
coated slides at 37°C for 120minutes. After washing three
times with PBS, stable adherent platelets were mixed with p-
nitrophenyl phosphatase (PNPP) substrate solution (100mM
of sodium acetate, 1% Triton X-100, 3mg/mL of PNPP) for
60minutes at 37°C. The enzyme reaction was stopped with
1M of NaOH, and the optical density wasmeasured at 405nm
with a microplate reader. Platelet aggregation assay was
performed as previously described.8 Blood was collected via
cardiac puncture of anesthetized mice containing 100 μL/mL
anticoagulant (2.94% sodium citrate, 136mM glucose), 0.1μ-
g/mL PGE-1, and 1 U/mL apyrase. Washed platelets were
prepared from PRP by differential centrifugation of the PRP
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containing5mMEDTAat1,100g for10minutes. Plateletswere
resuspended in Tyrode solution.

Aggregation was measured in a lumi-aggregometer
(Chrono-Log, Havertown, Pennsylvania, United States) using
washed platelets (300 μL) adjusted to approximately 3�108

platelets per microliter. Thrombin (0.05 U/mL) was used to
stimulate the platelets prior to measurement.

Clot retraction assay was performed according to methods
described previously.6 Plateletswerewashed for 60minutes at
37°C. Fibrinogen was added to a final concentration of 2
mg/mL, then 250 μL platelets were dispensed into siliconized
glass tubes. Subsequently, fibrin clot retraction was initiated
with 0.2 U/mL thrombin at 37°C, and monitored by taking
photographs every 10minutes. The clot surface area on the
photographswasquantifiedwith theNIH image1.67 software.
Results were expressed as percentage of clot retraction (%¼
area t/area t0� 100%). Everyexperimentmentioned abovewas
repeated at least three times independently.

Western Blot
Western blot was performed as previously described9. In
brief, platelet proteins were extracted using lysis buffer
containing protease inhibitors. Protein concentrations
were determined using a BCA protein assay kit (Thermo).
Protein samples were separated by 10% SDS-PAGE, and then
transferred to a PVDF membrane (Millipore). Western blot-
ting was performed using antibodies against β3 (sc-365679;
Santa Cruz), αIIb (sc-365938; Santa Cruz), and GAPDH (5174;
Cell Signaling). Specific secondary antibodies labeled with
horseradish peroxidase (1:5,000 dilution; Abcam) and an
ECL detection kit (Thermo) were used to detect protein
signals.

Tail-Bleeding Assay
Mice were anesthetized and their tails were prewarmed in
sterile PBS buffer (37°C) for 5minutes. A short portion of tail
tip (�5mm) was amputated and the tail was immediately
returned into the warm buffer. Bleeding time was calculated
from the start of bleeding to the first cessation of the
bleeding. The time point for terminating the prolonged
bleeding was 30minutes and then the wounded tails were
cauterized to stop the bleeding. A small amount of bloodwas
collected from tail bleed after the test for whole blood count.
Hemoglobin level from the tail bleeding test was calculated
based on blood count.

Thrombelastography
Wholeblood sampleswere collected in tubes containing 3.8%
sodium citrate solution and left to stand for 30minutes
before being placed in a TEG 5000 Thrombelastograph He-
mostasis Analyzer system (Haemonetics, Braintree, Massa-
chusetts, United States). Thereafter, 340 μL of citrated blood
mixed with 16 μL kaolin activator was pipetted into a
warmed cuvette and recalcified with 20 μL of 0.2M calcium
chloride before undergoing analysis. The computerized
thromboelastography analyzer recorded parameters of clot
formation for each sample for 30minutes.

Microfluidic Assay
Microfluidic channels of Bioflux 200 were coated with type I
collagen. The whole blood from mice was collected with an
injector containing 3.8% sodium citrate and recalcified imme-
diately before an assay. Thewholebloodwasperfused through
the microfluidic channels at predefined shear rates for
10minutes. Alexa Fluor 488-conjugated anti-mouse CD41
antibody was used to label the platelets and the Alexa Fluor
647-conjugated antifibrin antibody clone 59D8 was mixed to
the mouse blood to test fibrin formation. The experiments
were repeated at least three times independently.

Ferric Chloride-Induced Carotid Artery Injury
Carotid arterywas separated fromother tissue in anesthetized
mice, and injury was induced by 10% FeCl3 as described.10,11

Bloodflowwasmeasured in the exposed carotid artery usinga
laserDoppler system (Model 0.5VB; Transonic Systems, Ithaca,
New York, United States), which was held in place by a
micromanipulator and connected to a computer via an A/D
convertor (PowerLab System; ADInstruments, Castle Hill,
Australia), and this computer-based system was used for
data collection. The monitoring of carotid artery blood flow
was initiated at the time of FeCl3 treatment. This treatment
consisted of the placement of a 1�2-mm strip of filter paper
(Brentford, Middlesex, United Kingdom) saturated with a 10%
FeCl3 solution over the exposed carotid artery for 3minutes.
The area was flushed with PBS, and blood flow through the
arterywasmonitored for 40minutes, allowing the time tofirst
occlusion time to be determined.

Jugular Vein Puncture Injury
The jugular vein of amousewas exposed and piercedwith a 50-
gauge needle (500 μm diameter), followed by fixation at prede-
terminedpoints. Thetimeuntilbleedingstoppedwas recordedas
the bleeding time. A multimodal, correlative microscopy ap-
proach was used to examine the resulting hemostatic response.
Two-photon fluorescence imaging provided details of thrombus
components, such as the localization of the platelet adhesion and
formation of fibrin. Different hemostatic plugs were observed
from the extravascular side of the blood vessel to compare
morphology and structural features in these regions.

Laser-Induced Cremaster Muscle Artery Injury
Laser injury-induced thrombus formation was performed as
previously described.12 In brief, mouse cremasteric vasculature
was exposed, immersed in CO2 balanced bicarbonate buffer at
37°C, and visualized with a 60X (0.9 NA) objective. Alexa-488-
conjugated anti-CD41 (0.7 μL/g body weight) and Alexa-647-
conjugated 59D8monoclonal antibodies (1.6 μL/g bodyweight)
were infused through a cannula into the jugular vein. Thrombus
formation was initiated in the arterioles (40–50 μm) by a
nitrogen laser pulse. Images were recorded using a high-speed
intravital microscope (Olympus BX61WI) and analyzed on
Slidebook 6.0. The medium fluorescence intensity from 37 to
39 captures in each group was analyzed and presented over
time. The area under the curve value was quantitated for each
capture and plotted among different groups.
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Hematoxylin and Eosin Staining and
Immunohistochemistry
Fixed tissues were dehydrated, paraffin-embedded, and
sectioned (5-μm). Slides were stained with hematoxylin
and eosin to visualize the thrombus, and imaged with a
Retiga 400R camera linked to an Olympus Bx 61 microscope.
A computer equippedwith Velocity software (v5.5) was used
to operate the system. Images were analyzed with software
Image-Pro Plus (6.0). For immunohistochemistry, antigen
retrieval was performed in target retrieval solution in a
95°C water bath. Slides were stained with anti-CD41, anti-
fibrin antibody (59D8, 1:1,000), anti-CD62P, which detect
mouse platelets, fibrin,13,14 and P-selectin for 1 hour at room
temperature in a humidity-controlled chamber and devel-
oped using avidin–biotin complex (Dako North America).
Staining intensities of thrombi from at least five representa-
tive sections per mouse were analyzed.

Statistical Analysis
Statistical analysis was performed with GRAPHPAD PRISM 7
(GraphPad Software, La Jolla, California, United States). Statis-
tical comparisons of multiple groups were performed using
generalized estimating equation one-way analysis of variance
(ANOVA) or the Kruskal–Wallis test. All data are presented as
mean� standard deviation. Significant differences were de-
scribed as �p<0.05 and ��p<0.01. “ns” indicates no statisti-
cally significant difference between the two groups.
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Supplementary Table S1 Primer sequence information

Primer Sequences The size of band

P1 ACCCCCGTGGTGAACTCCCT 280bp

P2 TTAAAGCAGCGTATCCACATAGCG

P3 CTGACCGCTTCCTCGTGCTT 750bp

P4 CCAGAAGCCATTCCAAGAGG

P5 CACTTGTAAGAGTTTGGGGATG 500bp

P6 GTAATCTGGAAATCACGGATGC

Thrombosis and Haemostasis © 2021. Thieme. All rights reserved.

The Thrombus Structure of 2bF8trans Mice Wang et al.



Supplementary Fig. S1 Generation and identification of 2bF8trans mice. (A) PCR analysis showed that 2bF8 transgene was detected in 2bF8trans

mice. Lane 1: DNA marker. Lanes 2–4: DNA was purified from mouse-tail lysate of all groups of mice, and was amplified with primers P1 and P2.
Lanes 5–7: DNA was amplified with primers P3 and P4. Lanes: 8–10: DNAwas amplified with primers P5 and P6 (see►Supplementary Table S1).
(B, C) Level of FVIII:C from platelets (B) or plasma (C) of 2bF8trans mice. FVIII:C was detected in platelet lysates from 2bF8trans mice (n¼28),

but could not hardly be detected in plasma from 2bF8trans mice (n¼8). No platelet-FVIII:C was detected in platelet lysates from control mice

(i.e., WT and FVIIInull mice, n¼5). The average level of platelet-FVIII:C can reach to 1.39�0.24mU/108 platelets from descendant of 2bF8trans

mice. (D) The average level of platelet count numbers (�109/L) was performed in WT, FVIIInull, and 2bF8trans mice (n¼6 per group). Data were

expressed as mean� SD. Significant differences were described as ��p<0.01; “ns” indicates no statistically significant difference between the

two groups. SD, standard deviation; WT, wild type.
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Supplementary Fig. S2 Platelet functions of 2bF8trans mice. (A) Images of platelets spreading on immobilized fibrinogen in each group of mice
(scale bars: 20 μm). (B) No significant changes of platelet adhesion rates were found in 2bF8trans mice using PNPP assay. Experiments were
performed in WT, FVIIInull, and 2bF8trans mice (n¼ 6 per group) and data were expressed as mean� SD. “ns” indicates no statistically significant
difference between the two groups. (C, D) Platelet aggregation assay was performed using light transmittance aggregometry. Ectopically
expressed FVIII did not affect platelet aggregation in response to thrombin (0.05 U/mL). Experiments were performed in WT, FVIIInull, and
2bF8trans mice (n¼ 20 per group). (E, F) Clot retraction was performed as methods described, ectopically expressed FVIII did not affect clot
retraction as the same. The experiments were repeated three times independently and results were expressed as percentage of clot retraction.
(G) Western blot of αIIb and β3 in platelet lysates from WT, FVIIInull, and 2bF8trans mice. Data were expressed as mean� SD. Significant
differences were described as ��p< 0.01; “ns” indicates no statistically significant difference between the two groups. SD, standard deviation;
WT, wild type.
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Supplementary Fig. S3 Thrombus formed under low shear rate from 2bF8trans mice. (A) Representative fluorescence images of the thrombus
forming by labeling the platelets with Alexa Fluor 488-conjugated anti-CD41 at indicated time points under flow. (scale bar: 100 μm). Arrows
indicate direction of blood flow. (B, C) Curves representing the level of total fluorescence intensity of thrombus area at shear rate 125 s�1 (B).
Area under curve (AUC) analysis of the curves at shear rate 125 s�1 (C). All experiments were repeated five times independently and data were
calculated from five curves in each group separately and expressed as mean� SD. (D) Platelet deposition and fibrin deposition from mice at
125 s�1. Quantification of the accumulation of platelet (E) and fibrin (F) in the thrombi fromWT, FVIIInull, and 2bF8trans mice at 125 s�1 shear rates
(n¼ 20). Data were expressed as mean� SD. Significant differences were described as ��p< 0.01; “ns” indicates no statistically significant
difference between the two groups. SD, standard deviation; WT, wild type.
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