
Src family kinases inhibition by dasatinib blocks initial and 
subsequent platelet deposition on collagen under flow, but lacks 
efficacy with thrombin generation.

Y. Zhang, S. L. Diamond*

Department of Chemical and Biomolecular Engineering, Institute for Medicine and Engineering, 
University of Pennsylvania, Philadelphia, PA 19104 USA

Abstract

Kinase inhibitors can pose bleeding risks as platelet signaling evolves during clotting. Using 

microfluidics (200 s−1 wall shear rate) to perfuse Factor XIIa-inhibited or thrombin-inhibited 

whole blood (WB) over collagen ± tissue factor (TF), we explored the potency of the Src family 

kinase (SFK) inhibitor dasatinib or the spleen tyrosine kinase (Syk) inhibitor GS-9973 present at 

clot initiation or added after 90 sec (via rapid switch to inhibitor-pretreated WB). When initially 

present, dasatinib potently inhibited platelet deposition on collagen (no TF). Furthermore, 

dasatinib immediately inhibited subsequent platelet deposition when introduced 90 sec after clot 

initiation. However, when thrombin was generated, dasatinib was markedly less potent against 

platelet deposition on collagen/TF (but blocked fibrin deposition) and had no effect when added 90 

sec after clot initiation. Similarly, dasatinib added at 90 sec had no effect on clotting on 

collagen/TF when fibrin was also blocked with Gly-Pro-Arg-Pro, indicating that strong thrombin-

induced signaling (but not fibrin-induced signaling) can bypass the SFK inhibition at later times. 

The Syk inhibitor GS-9973 was less potent than dasatinib when present initially, but inhibited clot 

growth when added at 90 sec, even in the presence of thrombin (± fibrin). Interestingly, the active 

form (R-406) of fostamatinib inhibits platelet function in only 2 0f 5 healthy blood samples. SFK-

inhibitors may have reduced antithrombotic activity and reduced bleeding risks in settings of high 

TF and local thrombin generation. For oncology patients, SFK-inhibitors like dasatanib may have 

reduced antithrombotic activity and reduced bleeding risk in settings of local thrombin generation.
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INTRODUCTION

Dasatinib is a commonly used kinase inhibitor for imatinib-resistant Philadelphia 

chromosome-positive leukemias [1], chronic myelogenous leukemia (CML) and acute 

lymphoblastic leukemia (ALL) [2,3] due to its inhibition of BCR-Abl tyrosine kinase and 

Src family kinases such as Lyn, Fyn and Src [4]. GS-9973 (entospletinib) is another drug 

targeting Syk for the treatment of various cancers, including diffuse large B cell lymphoma 

(DLBCL), mantle cell lymphoma (MCL), and non-Hodgkin lymphoma (NHL) [5]. 

Fostamatinib [6], the prodrug of R-406 (tamatinib) [7], as inhibits Syk [6,8,9]. However, 

along with their efficacy in treating various cancers, side effects of Syk or SFK targeting 

include bleeding [10]. Recent research shows that these coagulation risks are caused by the 

inhibition effects on Syk/Src within platelets that are linked to platelet inhibition [10], and 

reduced platelet activation mediated by FcγRIIA [11]. Alternatively, certain kinase 

inhibitors may have utility as antithrombotic agents [12,13]. For example, a Syk inhibitor 

could interfere with signaling from GPVI [14], α2β1, αIIbβ3, and potentially GPIb-IX-V to 

reduce thrombotic risk [15].

Platelets can become activated through diverse receptors, depending on the procoagulant 

surface, the platelet location in the clot, and the elapsed time since the start of the clotting 

event. For example, the earliest arriving platelets may immediately encounter collagen and 

thrombin at the triggering surface of clotting. Platelets arriving later may encounter other 

clot-adherent platelets, fibrin, and diffusible agonists such as ADP and thromboxane, but 

have no physical contact with collagen. The core-shell architecture of clots is emblematic of 

this spatiotemporal heterogeneity of receptor engagement as seen in assays of mouse laser 

injury [16] or microfluidic human blood clotting [17]. Similarly, pharmacological agents 

may engage platelet targets at distinct locations or temporal stages of clotting.

Collagen-mediated clustering of platelet GPVI results in phosphorylation of Src family 

kinases (SFKs) such as Lyn and Fyn [18]. Also, active Lyn is constitutively bound to GPVI 

to allow for rapid signaling [19]. Lyn phosphorylation of ITAM domains of FcRγ drives 

spleen tyrosine kinase (Syk) binding and phosphorylation at Tyr352 [18]. Downstream of 

GPVI activation, phosphorylated Syk (SykpY352) drives activation of phospholipase Cγ2 

(PLCγ2) and sustained calcium mobilization [20]. With fibrinogen binding to activated 

platelets, outside-in signaling through αIIbβ3 results in Src phosphorylation (Src-pY418), 

ultimately resulting in the generation of phospho-Syk and PLCγ2 activation. Thrombin 

activation of protease activated receptors, PAR-1 and PAR-4, drives Gαq activation of PLCβ 
and transient calcium mobilization. During clotting under flow, the generation of fibrin can 

have diverse influences on platelet signaling by (i) sequestering thrombin [21,22] and 

potentially (ii) activating GPVI signaling within the clot interior [23–25].

Using microfluidics, the bleeding side effects of drugs can be explored under defined 

hemodynamic flow, defined procoagulant surface triggers, and in human blood. 

Additionally, the drug may be present in the blood from the start of the clotting event or can 

be added acutely at a later time by perfusion switching to drug-treated blood. This 

“perfusion-switch” experimental design allows exploration of platelet signaling at different 
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stages of clotting through the measurement of kinase inhibitor potency to modulate clotting 

on different procoagulant surface conditions.

METHODS

Materials

Reagents were obtained as follows: anti-human CD61 antibody (BD Biosciences, San Jose, 

CA. Cat#: 555754), Alexa Fluor 647–conjugated human fibrinogen (Life Technologies, 

Grand Island, NY. Cat#: F35200), Alexa Fluor 488 phospho-Src (Tyr418) polyclonal 

antibody (ThermoFisher Scientific, Waltham, MA. Cat#: 44–660A1), Dade Innovin 

prothrombin time (PT) reagent (Siemens, Malvern, PA. Cat#: B4212–40), collagen (type I; 

Chrono-Log, Havertown, PA. Cat#: 385), Sigmacote® (Millipore Sigma, Burlington, MA. 

Cat#: SL2–100ML), H-Gly-Pro-Arg-Pro-OH (GPRP; Millipore Sigma, Burlington, MA. 

Cat#: 03-34-0001), dasatinib (Selleckchem, Houston, TX. Cat#: S1021), GS-9973 

(entospletinib) (Selleckchem, Houston, TX. Cat#: S7523), Alexa Fluor 488-conjugated 

annexin V (ThermoFisher Scientific, Waltham, MA. Cat#: A13201), GR144053 (Tocris 

Biosciences, Bristol, UK. Cat#: 1263), Phe-Pro-Arg-chloromethylketone (PPACK, 

Haematologic Technologies, Essex Junction, VT. Cat#: FPRCK-01) and corn trypsin 

inhibitor (CTI, Haematologic Technologies, Essex Junction, VT. Cat#: CTI-01).

Preparation and characterization of collagen/TF surface

Glass slides were rinsed with ethanol, then deionized water, and dried with filtered air. 

Sigmacot® was used to create a hydrophobic surface on the glass. A volume of 5μL of 

fibrillar collagen was perfused through a patterning channel (250 μm wide × 60 μm high) of 

a microfluidic device to create a single 250 μm-wide stripe of fibrillar collagen for all 

experiments, as previously described [26,27]. For experiments without thrombin interaction, 

collagen was rinsed and blocked with 20 mL 0.5% bovine serum albumin buffer (BSA). For 

experiments that study the effect of thrombin, lipidated TF was sorbed to the collagen 

surface by perfusing of 5 μL of Dade Innovin PT reagent (20 nM stock concentration), 

rinsed and blocked with 20 mL 0.5% BSA, then incubated for 30 min without flow, as 

previously described [26,27].

Blood collection and preparation

Blood was obtained via venipuncture into a syringe containing either PPACK (1:100 v/v; 

final concentration of 100 μmol/L) or high concentration of CTI (40 μg/mL) from healthy 

donors who self-reported as free of alcohol use for at least 72 hr and medication for at least a 

week prior to blood collection. All donors provided informed consent under approval of the 

University of Pennsylvania Institutional Review Board. Blood was treated with anti-human 

CD61 antibody (stock concentration, 1:50 v/v [%] in whole blood) and Alexa Fluor 647-

conjugated human fibrinogen (1 mg/mL stock solution, 1:80 v/v [%] in whole blood) 

immediately after blood collection for platelet labelling and fibrin labeling, respectively. 

While CD61 can bind both platelets and white blood cells, the platelet deposits made on 

collagen/TF under flow contain essentially no white blood cells until substantially later 

times. Even at low resolution, white blood cell staining would be morphologically detected 

if it were present. Annexin V (stock concentration, 1:80 v/v [%] in whole blood) was added 
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for phosphatidylserine labeling when needed. Dasatinib was dissolved in DMSO and diluted 

in Millipore water, the final concentration was 10 μM [28] (DMSO < 0.1% v/v) after 

addition to whole blood. The final concentration of DMSO in perfused blood was < 0.1% by 

vol. In control experiments, no effect of DMSO at 0.1 % was detected on platelet or fibrin 

under flow. Additionally, platelet function was essentially unaltered even at 1% DMSO by 

vol/ (3 donors, 10 clots per condition) (Supplemental Fig. S5). GPRP was dissolved in 

Millipore water and the final concentration in whole blood was 5 mM. GR144053 (final 

concentration, 1 μM) was added to block α2bβ3 function for forming monolayer of clots. All 

experiments were initiated within 5 min after phlebotomy. GS-9973 was dissolved in DMSO 

and the final concentration was 10 μM after addition to whole blood.

Microfluidic clotting assay on collagen surfaces with or without TF

An 8-channel polydimethylsiloxane (PDMS) flow device was vacuum-mounted 

perpendicularly to collagen/TF surfaces forming 8 parallel-spaced prothrombotic patches 

(250 × 250 μm), as previously described [29]. Treated blood was perfused across the 8 

channels by withdrawal through a single outlet. Drug-treated blood was added to the inlet 

reservoir without stopping flow, thus providing a rapid change in perfusion pharmacology 

within < 15 sec without hemodynamics crosstalk between channels during the perfusion 

switch. All clotting events were initiated simultaneously on the chips. Initial wall shear rate 

was controlled by a syringe pump (Harvard PHD ULTRA; Harvard Apparatus, Holliston, 

MA) connected to the outlet on the flow device. For experiments using whole blood with 

CTI, thrombi were formed under constant flow rate (constant Q) condition [30]. Platelet, 

fibrin and/or phosphatidylserine activities were monitored simultaneously by 

epifluorescence microscopy (IX81; Olympus America Inc., Center Valley, PA) at 10× and/or 

40× magnification. Each experiment contains three 8-channel devices, so in total 6 

independent channels/image streams were used for control, 6 channels/images were used for 

dasatinib or GS-9973 at t=0s, and 12 channels/images were used for dasatinib or GS-9973 

switch at t=90s. For each set of experiments (dasatinib/GS-9973 ± GPRP with PPACK/

HCTI blood), blood samples from N=3 donors were taken, so in total 18 samples have been 

analyzed for control and dasatinib/GS-9973 at t=0s and 36 samples analyzed for dasatinib/

GS-9973 at t=90s. Additionally, each clot is extremely well localized on the 250 μm × 250 

μm collagen feature and contains tens of thousands of platelets, ideal for obtaining whole 

clot fluorescence intensities (i.e. total clot mass) with time. However, since we image 24 

clots simultaneously, high magnification single-cell imaging or morphological analysis was 

not possible. Since we image in real time and under flow conditions, bright field imaging is 

also more difficult to quantify to obtain clot mass since the thickness of the flowing blood 

above the clot changes with time and alters the prevailing background signal for brightfield 

imaging. Images were captured with a charged coupled device camera (Hamamatsu, 

Bridgewater, NJ) and were analyzed with ImageJ software (National Institutes of Health). To 

avoid side-wall effects, fluorescence values were taken only from the central 75% of the 

channel.

Post-staining using phospho-Src (Tyr418) polyclonal antibody

In some experiments, clots formed under flow conditions were prepared for fixation and 

staining to detect Src in cells. After clotting under flow, a solution of 0.5% BSA was 
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perfused in the same manner as whole blood to rinse out blood and then 4% 

paraformaldehyde was perfused and incubated in the channels. Blocking buffer (3% BSA/

TBST/0.1% Triton X-100) was then perfused and incubated for 30 min before clot staining 

using phospho-Src (pTyr418) polyclonal antibody (1:50 v/v [%] in blocking buffer). Clots 

were then incubated with phospho-Src antibody for 2 hr under room temperature or 

overnight under 4C. After rinsing excessive antibody with HBS, images of clots were then 

taken by the same microscope and camera at 10× and/or 40× magnification and analyzed 

with ImageJ software.

RESULTS

Dasatinib inhibits platelet deposition on collagen, but is modulated by thrombin

Using an 8-channel microfluidic device, PPACK-treated whole blood (± dasatinib) was 

perfused over collagen at 200 s−1 wall shear rate. In some channels of the device, perfusion 

was switched after 90 sec of clotting to PPACK-treated blood with dasatinib (10 μM). 

Dasatinib present at the start of perfusion potently limited platelet deposition to a sparse 

monolayer (Figs. 1A, 2A). Switching to dasatinib-treated blood at 90 sec of flow resulted in 

an immediate ablation of subsequent platelet deposition, demonstrating the role of SFKs in 

both the initial platelet activation on collagen as well as later stages of platelet deposition. In 

this experiment with PPACK-treated whole blood and collagen (no TF) that was designed to 

prevent thrombin generation, no fibrin was detected (Fig. 2B). See Fig. S1 for dasatinib 

inhibition of phospho-Src staining in a platelet monolayer under thrombin free condition. 

Clearly, the potency of dasatinib to block platelet accumulation when added at 90 sec was 

independent of antagonism of any signaling driven by either thrombin or fibrin, neither of 

which were present in the experiment.

A similar perfusion-switch experiment was repeated with CTI-treated blood (± dasatinib) 

perfused over collagen/TF, a condition that robustly generates thrombin and fibrin by 

engagement of the extrinsic pathway. With thrombin generation promoted in the assay, 

dasatinib present at t = 0 no longer strongly limited platelet deposition to a monolyer, but 

instead caused a marked delay and attenuation in platelet accumulation (Figs. 1B, 2C) as 

well as a striking inhibition of fibrin deposition (Figs. 1B, 2C–D). The inhibition of fibrin 

formation may indicate that dasatinib reduced the procoagulant activity of collagen-bound 

platelets (to be discussed later). In complete contrast, addition of dasatinib by perfusion-

switch at 90 sec had no effect on platelet deposition or fibrin generation. Clearly, the 

generation of thrombin and/or fibrin modulated the potency of dasatinib (with thrombin 

being the likely modulator because essentially no fibrin was made with dasatinib present 

initially at t = 0).

To investigate whether such loss-of-potency behavior was induced by thrombin or fibrin, the 

experiment was repeated with CTI-treated blood with added GPRP to allow thrombin 

generation without fibrin polymerization (Figs. 1C, 2E–F). As seen in the prior experiment 

with thrombin generation, dasatinib had no effect when added at 90 sec by perfusion switch. 

As expected, GPRP blocked fibrin polymerization in the clot.
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With thrombin generation (± GPRP), dasatinib present at t=0 reduced, but did not limit 

platelet deposition to a monolayer on collagen/TF. However, once primary deposition had 

progressed for 90 sec with full SFK signaling (no dasatinib), the subsequent platelet 

deposition and fibrin generation was completely unaffected by SFK inhibition at 90 sec, 

implicating the dominance of PAR-1/4 signaling in the growing clot after 90 sec relative to 

SFK-dependent signaling. In the absence of dasatinib, blocking fibrin polymerization with 

GPRP had no effect on platelet deposition under flow (Fig. 2C vs. 2E). Also, see Fig. S2.

The Syk inhibitor GS-9973 inhibited platelet deposition and fibrin generation on collagen

GPVI signaling results in activation of SFKs that drive Syk phosphorylation. We explored 

the role of direct Syk inhibition using GS-9973 (Kd = 7.6 nM, no other kinase < 100 nM 

[31]) at clot initiation or added at later stages of clot growth using perfusion-switch. For 

PPACK-treated whole blood perfused over collagen (no thrombin/fibrin), GS-9973 present 

initially caused a reduction in platelet deposition (Figs. 3A, 4A), although clearly not with 

the potency of dasatinib. However, in contrast to dasatinib, a perfusion-switch at 90 sec to 

GS-9973-treated blood resulted in a modest reduction in platelet deposition, indicating a role 

for Syk at later stages of platelet deposition in the absence of thrombin and/or fibrin-driven 

signaling (Fig. 3A, 4B).

Repeating this experiment with CTI-treated blood perfused over collagen/TF, GS-9973 

reduced platelet deposition and fibrin deposition when the drug was present initially (Figs. 

3B, 4C–D). In contrast to dasatinib, switch to GS-9973-treated blood at 90 sec also reduced 

platelet secondary accumulation without effect on fibrin deposition.

To investigate the role of thrombin generation without fibrin polymerization, CTI-treated 

blood with added GPRP was perfused over collagen/TF (Figs. 3C, 4E–F). GS-9973 reduced 

platelet deposition when present initiation or when added at 90 sec by perfusion-switch. We 

conclude that the Syk inhibitor GS-9973 reduced platelet deposition by inhibiting Syk 

signaling in both collagen-adherent platelets and subsequently arriving platelets, regardless 

of the presence or absence of either thrombin or fibrin mediated signaling. Again, GPRP to 

block fibrin generation had no inhibitory effect on platelet deposition (as shown in Fig. 4C 

vs. 4E).

Dasatinib and GS-9973 reduce phosphatidylserine (PS) exposure by collagen adherent 
platelets

Since thrombin and collagen in combination potently induces PS exposure in platelets, CTI-

whole blood was perfused over collagen/TF. In some experiments, secondary accumulation 

was blocked with GR144053 to inhibit fibrinogen binding to αIIbβ3. Both dasatinib and 

GR144053 reduced deposition to a single sparse monolayer of platelets (Fig. 5). GR144053 

had only moderate effects on PS exposure, while SFK inhibition with dasatinib caused a 

substantial reduction in PS exposure, even on a per-platelet basis (Fig. 5F). This could be the 

source of poor fibrin production in the presence of dasatinib as seen in Fig. 2D. While 

GS-9973 was not as potent of blocker of platelet deposition compared to dasatinib, GS-9973 

did cause a marked reduction in PS exposure (Fig. 6).
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DISCUSSION

We used microfluidic assay of human blood to evaluate the potency of kinase inhibitors 

present at the start of clotting or added acutely at 90 sec once clotting was engaged. This 

novel experimental design allowed the interrogation of signaling pathways utilized by the 

initial platelets engaging collagen (± thrombin) relative to the signaling utilized by later 

arriving platelets (no collagen, ± thrombin). The intent was not to mimic therapy, but rather 

to use inhibitors to explore signaling pathways at various times and locations during a 

clotting event with and without thrombin or fibrin. Prior in vitro work has deployed 10 μM 

concentration [28]. Interestingly, the anti-platelet action of high concentration dasatinib was 

mitigated when thrombin is generated.

Strong signaling from the Src/SFK is expected in collagen-adherent platelets via GPVI 

activation pathway, but other receptors can also drive SFK activation such as α2β1, αIIbβ3, 

P2Y12, and even PAR-4 during clotting [18]. In the absence of thrombin, dasatinib strongly 

limited the initial deposition of platelets to a sparse monolayer (Fig. 2A). Dasatinib also 

reduced Src-phosphorylation in collagen-adherent platelet monolayers (Fig. S1) and blocked 

platelet deposition when added after 90 sec of clotting in the absence of thrombin. However, 

dasatinib had a striking lack of potency when added after 90 sec of clotting in the presence 

of thrombin generation. We conclude that thrombin-driven signaling via Gαq drives platelet 

activation in a manner to substantially bypass SFK inhibition by dasatinib (See Fig. S3 for 

schematic model). For human blood clotting from 0 to 500 sec, there was little evidence of 

any role for fibrin-mediated activation of GPVI signaling and SFK signaling: under no 

conditions did the absence of fibrin using GPRP cause a reduction in platelet deposition. Syk 

inhibition with GS-9973 in the absence of thrombin was not as potent as dasatinib. GS-9973 

may have more Syk selectivity than other small molecule inhibitors [32–34]. Interestingly, 

GS-9973 showed a stronger inhibition effect at later stages of clotting than dasatinib, even in 

the presence of thrombin. Again, none of the observations with GS-9973 indicated a 

substantial role for fibrin-mediated signaling through platelet GPVI. We also conducted the 

same experiments with R-406 with only 2 of 5 blood samples responding to R-406 (Fig. S4). 

The cause of donor variation is unknown, but suggests the possible utility of platelet testing 

to gage patient-specific risk to kinase inhibitor. Based on our experiment results, the potency 

of a kinase inhibitor can depend on both the timing of its addition as well as the nature of the 

triggering surface to generate thrombin. Fibrin has substantial anti-thrombin I activity. 

Blocking fibrin with GPRP may increase local PAR1/4 signaling, thrombin-bound GPIb-

dependent SFK signaling, or thrombin-mediated feedback pathways (eg. FXI activation). 

Our observations with thrombin generation modulating the potency of kinase inhibitors on 

clotting are relevant to both off-target bleeding effects during cancer treatment as well as 

antithrombotic therapy. These observations may bring more insights on the mechanisms of 

excessive bleeding during cancer treatment, so undesired phenomena could be better 

expected and regulated. However, even with fluorescence staining, the true spatiotemporal 

dynamics of Src phosphorylation and dephosphoryaltion remain challenging to quantify 

within the small clots formed under flow using microfluidics. At present, microfluidics does 

not have the molecular resolution expected with western blotting or LCMS 

phosphoproteomics.
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While dasatinib and other kinase inhibitors are known to reduce GPVI-dependent clot 

growth under flow [11], their effects on late arriving platelets has not been thoroughly 

studied, and also challenging to conduct in in vivo models. For example, inhibitor tests 

under flow have been previously described [35] where blood pretreated with the BCR-abl 

inhibitor. The “drug perfusion-switch” allowed interrogation of clot progression after the 

initial platelets already engaged in surface-driven signaling. This novel assay allows an 

interrogation of a particular pathway in late arriving platelets that are not interacting with 

collagen.

Further experiment can be done regarding concurrent medication since other BCR-ABL 

inhibitors could be used at the same time with dasatinib, and relative work has been done on 

ponatinib inhibited whole blood under flow [35]. Interaction between dasatinib and other 

BCR-ABL inhibitors may cause a different form of bleeding episode. Some concerns that 

the specificity of CD61 as platelet marker may not be as good as CD41, since CD61 could 

bind with cells such as leukocytes. However, the cell count of platelets is 40 times higher 

than that of leukocytes, and leukocytes do not bind with collagen. Therefore, all the CD61 

signal shown on collagen strip could be confidently attributed to platelets. Besides, previous 

works done on specificity of platelet markers [36] mentioned that in practice CD41 and 

CD61 can be used interchangeably.

Supplementary Material
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Highlights

• Dasatinib inhibits platelet deposition on collagen, but is modulated by 

thrombin

• GS-9973 inhibits platelet deposition and fibrin generation on collagen

• Blocking fibrin polymerization had no effect on platelet deposition under flow

• Both inhibitors reduce phosphatidylserine exposure by collagen adherent 

platelets
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Figure 1. The montage image of microfluidic assay at 0.75, 3.75 and 6.75 minute for platelet and 
fibrin under 10×.
Whole blood with (A) PPACK, (B) high CTI and (C) high CTI with GPRP were perfused 

over (A) collagen or (B, C) collagen incubated with TF under venous shear rate (200 s−1). 

The left two channels are control conditions, the next two channels are control conditions 

with dasatinib at t = 0 sec, and the right four channels are control conditions switched to 

blood with dasatinib at t = 90 sec. Direction of blood flow is shown as the arrow.
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Figure 2. The measured intensities for platelet and fibrin as a function of time for whole blood 
with PPACK, high CTI and high CTI with GPRP.
The experiment conditions are the same as Figure 1. Platelet (A, C, E) and fibrin (B, D, F) 

intensities are measured after imaging for all conditions, respectively. The arrow in each 

image shows the time where switching of blood takes place.
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Figure 3. The montage image of microfluidic assay at 0.75, 3.75 and 6.75 minute for platelet and 
fibrin under 10×.
Whole blood with (A) PPACK, (B) high CTI and (C) high CTI with GPRP were perfused 

over (A) collagen or (B, C) collagen incubated with TF under venous shear rate (200 s−1). 

The left two channels are control conditions, the next two channels are control conditions 

with GS-9973 at t = 0 sec, and the right four channels are control conditions switched to 

blood with GS-9973 at t = 90 sec. Direction of blood flow is shown as the arrow.
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Figure 4. The measured intensities for platelet and fibrin as a function of time for whole blood 
with PPACK, high CTI and high CTI with GPRP.
The experiment conditions are the same as Figure 3. Platelet (A, C, E) and fibrin (B, D, F) 

intensities are measured after imaging for all conditions, respectively. The arrow in each 

image shows the time where switching of blood takes place.
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Figure 5. The intensities of platelet, fibrin and Annexin V for all conditions under venous shear 
rate (200 s−1).
High CTI blood was perfused over collagen incubated with TF. Dasatinib was added to 

inhibit Src and GR144053 was added to form monolayers. The montage images of clots/

monolayers were taken for platelet, fibrin and Annexin V at 9.75 minutes under 10× (A), 

direction of blood flow was shown as the arrow. Fluorescent intensities of platelet (B) and 

Annexin V (C) were plotted over 9.75 minutes for all conditions. Platelet intensities were 

inhibited for both presence of dasatinib and GR144053, but Annexin V intensity was not 

inhibited by the presence of GR144053. Bar charts of fluorescent intensities of platelet (D) 

and Annexin V (E) at 9.75 minutes for all conditions illustrate the end point comparison; 

Annexin V signal on per-platelet basis was achieved by obtaining the ratio of Annexin V/

platelet signal (C); the highest ratio is obtained by monolayer without dasatinib, implies that 

primary platelet deposition is crucial for clot development.
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Figure 6. The intensities of platelet, fibrin and Annexin V for all conditions under venous shear 
rate (200s−1).
High CTI blood was perfused over collagen incubated with TF. GS-9973 was added to 

inhibit Syk and GR144053 was added to form monolayers. The montage images of clots/

monolayers were taken for platelet, fibrin and Annexin V at 9.75 minutes under 10× (A), 

direction of blood flow was shown as the arrow. and fluorescent intensities of platelet (B) 

and Annexin V (C) were plotted over 9.75 minutes for all conditions. Platelet intensities 

were inhibited for both presence of GS-9973 and GR144053, but Annexin V intensity was 

not inhibited by the presence of GR144053. Bar charts of fluorescent intensities of platelet 

(D) and Annexin V (E) at 9.75 minutes for all conditions illustrate the end point comparison; 

Annexin V signal on per-platelet basis was achieved by obtaining the ratio of Annexin V/

platelet signal (C); the highest ratio is obtained by monolayer without GS-9973, implies that 

primary platelet deposition is crucial for clot development.
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