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Abstract

Background—Treatment of chronic myelogenous leukemia (CML) with the BCR-ABL tyrosine
kinase inhibitor (TKI) imatinib significantly improves patient outcomes. As some patients are
unresponsive to imatinib, next generation BCR-ABL inhibitors such as nilotinib have been
developed to treat patients with imatinib-resistant CML. The use of some BCR-ABL inhibitors has
been associated with bleeding diathesis, and these inhibitors have been shown to inhibit platelet
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functions, which may explain the hemostasis impairment. Surprisingly, a new TKI, ponatinib, has
been associated with a high incidence of severe acute ischemic cardiovascular events. The
mechanism of this unexpected adverse effect remains undefined.

Objective and Methods—This study used biochemical and functional assays to evaluate
whether ponatinib was different from the other BCR-ABL inhibitors with respect to platelet
activation, spreading, and aggregation.

Results and Conclusions—Our results show that ponatinib, similar to other TKIs, acts as a
platelet antagonist. Ponatinib inhibited platelet activation, spreading, granule secretion, and
aggregation, likely through broad spectrum inhibition of platelet tyrosine kinase signaling, and
also inhibited platelet aggregate formation in whole blood under shear. As our results indicate that
pobatinib inhibits platelet function, the adverse cardiovascular events observed in patients taking
ponatinib may be the result of the effect of ponatinib on other organs or cell types or disease-
specific processes, such as BCR-ABL+ cells undergoing apoptosis in response to chemotherapy,
or drug-induced adverse effects on the integrity of the vascular endothelium in ponatinib-treated
patients.
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Introduction

The BCR-ABL gene, which is detected in 95% of chronic myelogenous leukemia (CML)
patients, is a product of reciprocal translocation between the long arms of chromosomes 9
and 22 [1]. When translated, BCR-ABL mRNA produces a protein with elevated tyrosine
kinase activity that has been linked to specific pathologic defects characteristic of CML,
notably a massive increase in myeloid cell numbers due to increased proliferation and
decreased apoptosis of a hematopoietic stem cell or progenitor cell, defects in adherence of
myeloid progenitors to marrow stroma leading to the release of immature progenitors into
circulation, and disease progression resulting from genetic instability. BCR-ABL inhibitors
were developed as a treatment for CML. Imatinib, which competitively inhibits the ATP
binding site of BCR-ABL, was the first BCR-ABL inhibitor developed for the treatment of
patients with CML. This compound was shown to inhibit the proliferation of myeloid cell
lines expressing BCR-ABL or CML blast crisis cell lines [1].

While imatinib significantly improves patient outcomes, follow-on studies found that nearly
20% of patients on imatinib do not exhibit a complete cytogenetic response [1]. As a subset
of patients develop resistance to imatinib, second-generation BCR-ABL inhibitors were
developed. Nilotinib, an aminopyrimidine derivative, was rationally designed to be more
selective against the BCR-ABL tyrosine kinase than imatinib, and has been shown to
effectively inhibit the growth of 32 of the 33 cells lines containing imatinib-resistant
mutations. However, while second generation inhibitors such as nilotinib are active against
many imatinib-resistant cells, some BCR-ABL mutations, particularly T315I, result in
resistance to these second generation compounds [2-4]. Ponatinib was developed as a third
generation pan-BCR-ABL inhibitor to treat CML resistant to the previously existing BCR-
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ABL inhibitors. Ponatinib has been shown to exhibit potent activity against native, T315lI,
and most other clinically relevant BCRABL mutants [5]. Ponatinib has also been shown to
inhibit a subset of the class 111/1V family of receptor tyrosine kinases [6].

Tyrosine kinase inhibitors, including the BCR-ABL inhibitors imatinib and ponatinib, are
associated with cardiovascular complications, including bleeding diathesis as well as
thrombosis [7]. For instance, hemorrhaging is a common adverse event reported in patients
receiving imatinib, and imatinib has been associated with abnormalities in platelet
aggregometry testing [8, 9]. While the second-generation inhibitor nilotinib is not commonly
associated with bleeding diathesis, the third-generation inhibitor ponatinib can inhibit
primary hemostasis even in the absence of thrombocytopenia [7, 8]. In contrast to these
bleeding side effects common to BCR-ABL inhibitor chemotherapies, prothrombotic
complications observed in patients treated with ponatinib resulted in the temporary
suspension of the drug by the FDA in late 2013 [10, 11]. However, the pathogenic
mechanisms underlying the cardiovascular events observed in patients taking ponatinib
remain ill-defined. To better understand the effects of BCR-ABL inhibitors on the process of
thrombus formation, this study investigated the effects of ponatinib and other BCR-ABL
inhibitors on the key steps in platelet activation, spreading, and aggregation.

Materials and Methods

List of reagents

Bovine thrombin, fatty-acid free BSA, and all other reagents were from Sigma except for as
noted. All BCR-ABL inhibitors (ponatinib, nilotinib, and imatinib) were from Selleck
Chemicals. Collagen was from Chrono-Log (Havertown, PA). Collagen-related peptide
(CRP) was from R. Farndale (Cambridge University, UK). Human fibrinogen was from
Enzyme Research. For flow cytometry experiments, the FITC-conjugated Annexin V was
from Life Technologies, CD62P-FITC antibody was from Acris Antibodies, and Alexa
Fluor 488-Annexin V was from Life Technologies. Antibodies for Western blotting
experiments were from Sigma (a-tubulin), Cell Signaling (Lyn pTyr507, BTK pTyr223, Src
pTyr416, LAT pTyrl91) and Millipore (4G10).

In vitro platelet studies

To prepare washed human platelets, human venous blood was drawn from healthy
volunteers by venipuncture into sodium citrate in accordance with an Oregon Health &
Science University IRB-approved protocol. The blood was centrifuged at 200 x g for 20
minutes to obtain platelet rich plasma (PRP). Platelets were isolated from the PRP via
centrifugation at 1000 x g for 10 minutes in the presence of prostacyclin (0.1 pg/ml). The
platelets were then resuspended in modified HEPES/Tyrode buffer (129 mM NaCl, 0.34
mM NayHPQy, 2.9 mM KCI, 12 mM NaHCO3, 20 mM HEPES, 5 mM glucose, 1mM
MgCl,; pH 7.3) and were subsequently washed once via centrifugation at 1000 x g for 10
minutes in modified HEPES/Tyrode buffer. Platelets were resuspended in modified HEPES/
Tyrode buffer to the desired concentration. Static adhesion assays, aggregation studies, and
flow cytometry experiments were performed as previously described [12, 13].
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Flow cytometry

Purified platelets (2 x 107/m1, 50 pl) were treated with inhibitors as indicated before
stimulation with CRP or thrombin in the presence of 1:100 FITC-anti-CD62P or FITC/
Alexa Fluor 488-Annexin V to stain surface P-selectin or phosphatidylserine, respectively.
For Annexin V samples, buffers were supplemented with 10 mM CaCl,. After 20 min
incubation, samples were diluted to 500 pl and analyzed on a FACSCalibur or FACSCanto
(Becton Dickinson, USA). Platelets were identified by logarithmic signal amplification for
forward and side scatter as previously described [14].

Western blotting

For Western blotting assays, purified human platelets (5x108 /ml) were incubated in 24-well
culture plates coated with fibrinogen or fibrillar collagen and blocked with fatty acid-free
BSA. After incubation (45 min, 37°C), non-adherent platelets were removed and adherent
platelets were washed three times with PBS before lysis into 50 pl Laemmli Sample Buffer
(Biorad) supplemented with 200 mM DTT. Samples were separated by SDS-PAGE,
transferred to nitrocellulose and probed with indicated antibodies as previously described
[12].

Platelet aggregation

Platelet aggregation studies were performed using 300 pl platelets (2 x 108/ml) treated with
inhibitors as indicated. Platelet aggregation was triggered by CRP (3 pg/ml) or thrombin (0.1
U/ml) and monitored under continuous stirring at 1200 rpm at 37°C by measuring changes
in light transmission using a PAP-4 aggregometer, as previously described [12].

Platelet aggregate formation under flow

Sodium citrate-anticoagulated blood was treated with inhibitors as indicated and perfused at
2200 s~1 and 37°C through glass capillary tubes coated with collagen (100 pg/ml) and
surface blocked with denatured BSA to form platelet aggregates as previously described
[14]. Imaging of aggregate formation was performed using Kéhler-illuminated Nomarski
DIC optics with a Zeiss 40x 0.75 NE EC Plan Neofluar lens on a Zeiss Axiocam MRm
camera and Slidebook 5.0 software (Intelligent Imaging Innovations). Aggregate formation
was computed by manually outlining and quantifying platelet aggregates as previously
described [14].

Statistical Analysis

For flow chamber and flow cytometry experiments, data were tested for homogeneity of
variance using Bartlett’s test and transformed via the natural log if the test returned p < 0.05,
then assessed using twoway analysis of variance (ANOVA: treatment and day as factors),
followed by post-hoc analysis using Tukey’s Honest Significant Difference (HSD) test. For
aggregation experiments, percent aggregation was assessed using two-way analysis of
variance (ANOVA: treatment and day as factors) with post-hoc analysis via Bonferroni-
corrected pairwise t-tests, and lag time data were right-censored at 120 sec and fitted to a
Kaplan-Meier survival curve and the log-rank test performed for each comparison. For all
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analyses, p < 0.05 was considered statistically significant. Statistical analyses were
performed using R (R Foundation for Statistical Computing, Vienna, Austria).

Ponatinib blocks platelet spreading on fibrinogen and collagen surfaces

To determine the effect of BCR-ABL inhibitors on the intracellular signaling pathways that
drive platelet activation, we first examined the effects of BCR-ABL inhibitors on the ability
of platelets to spread on surfaces of either fibrillar collagen or fibrinogen, which support
platelet adhesion and activation downstream of the platelet glycoprotein receptor GPVI /
integrin ayPq and integrin aypPs, respectively [15]. Replicate samples of washed human
platelets were treated with BCR-ABL inhibitors in solution prior to spreading on collagen-
or fibrinogen-coated coverslips, fixed, and visualized by differential interference contrast
(DIC) microscopy. As seen in Figure 1, treatment of platelets with ponatinib (1uM), but not
nilotinib (1M) or imatinib (1uM), inhibited platelet spreading and lamellipodia formation
on fibrillar collagen and fibrinogen surfaces. Treatment of platelets with the Src family
kinase (SFK) inhibitor PP2 served as a control to monitor platelet inhibition [12]. The
addition of thrombin in solution reversed the inhibitory effect of ponatinib (data not shown),
indicating that the effects of the BCR-ABL inhibitors on platelet spreading can be bypassed
through G protein-coupled receptor (GPCR)-mediated signaling.

Effect of BCR-ABL inhibitors on tyrosine phosphorylation in platelets

We hypothesized that BCR-ABL inhibitors such as ponatinib interfere with platelet function
through an inhibition of tyrosine kinase activation proximal to the engagement of platelet
activating receptors, including GPVI and integrin ajpB3. Accordingly, we next examined the
effects of ponatinib, nilotinib, and imatinib on the intracellular signaling cascades mediating
platelet activation following exposure to fibrillar collagen or fibrinogen. As seen in Figure
2A, treatment of platelets with ponatinib markedly inhibited the tyrosine kinase activation
profile of platelets on surfaces of fibrinogen or fibrillar collagen as determined by Western
blot analysis of platelet lysates with 4G10 antisera; imatinib and nilotinib had only minor
effects on the activation of platelet tyrosine kinases. In addition to Abl, ponatinib has been
shown to inhibit a number of tyrosine kinases in vitro, including Src family kinases (SFKSs)
[16]. To specify a role for the inhibition of Src by ponatinib in mediating platelet inhibition,
we next examined the phosphorylation state of the Src kinase activation loop (Tyr416)
which serves as a marker of Src kinase activation [17]. As seen in Figure 2B, exposure of
platelets to surfaces of fibrinogen or fibrillar collagen upregulated Src Tyr416
phosphorylation in platelets. Like PP2, ponatinib inhibited Src Tyr416 phosphorylation in
response to fibrinogen or collagen (Figure 2B). In contrast, platelet Src Tyr416
phosphorylation was not effected by nilotinib or imatinib treatments (Figure 2B).

Previous studies have noted that BCR-ABL inhibitors, including ponatinib, inhibit the
phosphorylation of the SFK member Lyn and have inhibitory effects on the activation of the
Bruton’s tyrosine kinase BTK [16-19]. As both of these kinases have roles in platelet
activation [20, 21], we examined the effect of ponatinib, nilotinib, and imatinib on the
activation state of Lyn [21] as well as BTK [20] in response to platelet spreading on fibrillar
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collagen and fibrinogen. Similar to the Src family kinase inhibitor, PP2, treatment of
platelets with ponatinib markedly reduced the levels of Lyn Tyr507 phosphorylation in
response to spreading on fibrinogen or fibrillar collagen (Figure 2B). Phosphorylation of
BTK Tyr223, an autophosphorylation site that serves as a marker of BTK activation [22],
was also reduced by ponatinib or PP2 treatment (Figure 2C). Imatinib and nilotinib had only
marginal inhibitory effects on Lyn and BTK phosphorylation (Figure 2). Similar to BTK
phosphorylation, platelet SFKs also support the phosphorylation of the linker for activation
of T cells protein, LAT, which serves roles in platelet PLCy activation, calcium signaling
and the later stages of platelet activation [15, 23]. As shown in Figure 2C, both ponatinib
and PP2 inhibited the LAT Tyr191 phosphorylation in platelets bound to surfaces of
fibrinogen or fibrillar collagen. LAT phosphorylation was minimally effected by nilotinib or
imatinib treatments (Figure 2C). Together, these studies support a role for ponatinib as an
inhibitor of platelet Src family tyrosine kinase activation and signaling.

Effect of BCR-ABL inhibitors on platelet aggregation

We next examined the effects of BCR-ABL inhibitors on platelet activation and aggregation
in response to the GPVI-agonist collagen-related peptide (CRP), which mediates platelet
activation in a receptor tyrosine kinase-dependent manner, and the platelet agonist thrombin,
which acts through GPCRs. As shown in Figure 3 and Table 1, platelet aggregation in
response to stimulation with CRP (3 pg/ml) was dramatically decreased by ponatinib at
concentrations as low as 0.1 pM. Furthermore, treatment with ponatinib significantly
increased the lag time for platelet shape change and aggregation in response to CRP
stimulation (Table 1). Conversely, treatment with nilotinib (1 uM) and imatinib (1 uM) had
little effect on extent of platelet aggregation and lag time in response to addition of CRP
(Figure 3 and Table 1). Treatment with ponatinib, nilotinib, or imatinib had no effect on
platelet aggregation in response to stimulation with thrombin (0.1 U/ml; Table 1).

Effect of BCR-ABL inhibitors on platelet P-selectin and phosphatidylserine exposure

Invivo, platelet activation and aggregation is associated with the secretion of P-selectin from
platelet alpha granules, which is associated with thrombus stability [24], as well as the
externalization of phosphatidylserine (PS), which regulates blood coagulation by providing a
platform for the coagulation factor assembly required for thrombin generation [25]. Given
the recent reports of thrombotic complications in ponatinib-treated patients [10] and the
ability of ponatinib to upregulate PS-exposure on apoptotic cells in culture [26], we next
assayed the effect of ponatinib, nilotinib, and imatinib on platelet P-selectin and PS surface
levels during platelet activation. Replicate samples of washed human platelets were treated
with BCR-ABL inhibitors prior to stimulation with CRP and/or thrombin, staining with anti-
P-selectin (CD62P) antibodies or FITC-conjugated Annexin-V prior to flow cytometry
analysis. As seen in Figure 4, ponatinib (1 pM) significantly decreased platelet P-selectin
exposure in response to CRP. The addition of thrombin reversed the inhibitory effect of
ponatinib, indicating that the effects of ponatinib on P-selectin exposure can be bypassed
through GPCR-mediated signaling. Ponatinib also significantly decreased PS exposure, as
measured by Annexin V binding, in response to CRP alone as well as in response to CRP in
combination with thrombin. Treatment of platelets with nilotinib or imatinib (1 uM) did not
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significantly affect P-selectin or PS exposure in response to CRP or a combination of CRP
and thrombin.

Effect of BCR-ABL inhibitors on aggregate formation under flow

We next looked at the effect of the BCR-ABL inhibitors on aggregate formation in a flow
chamber model of platelet aggregate formation. Whole human blood was pretreated BCR-
ABL inhibitors prior to flow over a surface of fibrillar collagen at an initial shear rate of
2200 sec™2 for 5 min, fixed, and visualized. As seen in Figure 5, ponatinib reduced
aggregate formation under shear, as evidenced by a 52.4 + 11.2% reduction in platelet
aggregate surface area coverage in the presence of ponatinib as compared to vehicle alone
(0.1% DMSO). Interestingly, although to a lesser extent than ponatinib, imatinib
significantly decreased the platelet aggregate formation on collagen under shear.

Discussion

Here we demonstrate that the BCR-ABL inhibitor ponatinib blocks platelet immunoreceptor
tyrosine-based activation motif (ITAM) signaling as well as platelet spreading, aggregation,
and aggregate formation under shear. While bleeding tendencies that occur in patients
undergoing BCR-ABL targeted therapies have been hypothesized to occur as a result of
platelet inhibition [7, 8, 27] or a decrease in platelet production by megakaryocytes [28],
serious cardiovascular complications have been observed in some patients treated with
ponatinib [10, 11]. However, the pathological mechanisms underlying these contradictory
clinical observations in patients undergoing BCR-ABL directed therapies have not yet been
resolved. Our results show that, in vitro, ponatinib acts as a platelet antagonist at clinically
achievable concentrations, inhibiting platelet activation, granule secretion, spreading, and
aggregation through ITAM signaling.

Ponatinib was designed as a next-generation therapy for CML patients with specific BCR-
ABL kinase domain T315I mutations that promote resistance to imatinib as well as the
second generation BCR-ABL inhibitors nilotinib or dasatinib [16]. Ponatinib effectively
inhibits tyrosine kinase activity of Abl; however, ponatinib also inhibits other tyrosine
kinases with well-defined roles in platelet function, including the Src family kinases (SFKSs)
Src and Lyn [16, 29]. Indeed, a previous study describing an inhibition of platelet function
in patients treated with ponatinib suggested that the loss of platelet function in such patients
could be attributed to the inhibition of non-Abl targets in platelets such as SFKs [7];
however, the ability of ponatinib to act as a platelet SFK inhibitor and platelet antagonist
remained unexamined. In this study, we find that, in vitro, while treatment of platelets with
imatinib or nilotinib had only marginal effects on platelet tyrosine kinase phosphorylation,
ponatinib markedly reduced the overall levels of tyrosine phosphorylated proteins and
dramatically reduced the levels of activated Src and phosphorylated Lyn in platelets
activated on fibrinogen or collagen surfaces. Phosphorylation of the Bruton’s tyrosine kinase
(BTK) and LAT, which occur downstream of Src activation in platelet GPVI signaling [15,
23, 30], was also inhibited by treatment with ponatinib.

At the onset of the GPVI/ITAM platelet signaling processes, an interplay amongst platelet
SFKs and other tyrosine kinases and phosphatases positively and negatively orchestrates the
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temporality of platelet activation [15, 30]. Such signaling events are complex, as SFKs such
as Lyn can both inhibit or potentiate aspects of platelet function, including platelet
spreading, aggregation and dense granule secretion [21, 31, 32]. Lyn also regulates the
aggregation of platelets on collagen surfaces under arterial shear [21]. Congruent with its
role as a Lyn inhibitor and platelet antagonist, we found that treatment of whole blood with
ponatinib reduced aggregate formation in flow chamber studies. However, the consistent and
straightforward role of ponatinib as a platelet antagonist in our studies, inhibiting platelet
spreading, aggregation, and secretion in vitro suggests that rather than acting solely as a
Lyn-specific inhibitor, ponatinib may also target other SFKs with roles in platelet function.
In addition, the dramatic inhibition of Lyn phosphorylation and minor reduction in total
phosphotyrosine protein content found in ponatinib-treated platelets relative to platelets
treated with the Src kinase inhibitor, PP2, suggests that ponatinib may act as a platelet SFK
inhibitor with specificity for SFK family members that differs from that of other SFK
inhibitors such as PP2.

The release of P-selectin from platelet alpha granules is a marker of platelet activation and
predictor of thrombotic complications in cancer, such as venous thromboembolism [33, 34].
Consistent with its role as a platelet antagonist, we found that ponatinib effectively inhibited
platelet P-selectin secretion in response to CRP stimulation as determined by flow cytometry
analysis (Figure 4A). In a manner similar to apoptosis, platelets also externalize plasma
membrane phosphatidylserine, which plays a role in coagulation through the activation of
the tissue factor pathway and clotting cascade. Intriguingly, previous studies have shown
that ponatinib upregulates apoptotic pathways in transformed cells, resulting in enhanced PS
exposure [26]. Given the prothrombotic effects of ponatinib in some patients, we tested the
hypothesis that ponatinib potentiated PS exposure in platelets. However, examination of
platelet PS exposure through Annexin V staining and flow cytometry revealed that, like
other platelet antagonists, ponatinib inhibits PS exposure in activated platelets. These
findings suggest that the mechanism of PS exposure in primary cells such as platelets from
healthy donors is different than the mechanism of PS exposure in transformed cell lines.

Nonetheless, cancer cells can promote coagulation in a PS-dependent manner [35], and
ponatinib may be acting specifically on BCR-ABL+ cells to promote thrombosis through an
upregulation of apoptosis in a manner different from that of BCR-ABL inhibitors that are
not associated with thrombotic events. The role of BCR-ABL expression thus represents an
intriguing area of future research, particularly given the role of BCR-ABL in cellular
transformation and the adverse cardiovascular events associated with ponatinib relative to
other Abl inhibitors. As our results show that pobatinib inhibits platelet function, the
cardiovascular events observed in patients taking ponatinib may be the result of an effect on
other organs or cell types or disease-specific processes, such as BCR-ABL+ cells
undergoing apoptosis in response to chemotherapy, or drug-induced adverse effects on the
integrity of the vascular endothelium in ponatinib-treated patients.

Thromb Res. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Loren et al. Page 9

Conclusions

In conclusion, our study demonstrates that ponatinib inhibits the ability of platelets to
activate SFK signaling required for spreading and aggregate formation through ITAM and
integrin signaling pathways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Ponatinib inhibits platelet surface spreading

Replicate samples of washed human platelets (2x107 /ml) treated for 10 minutes with
vehicle (DMSO, 0.1%), ponatinib (1 pM), nilotinib (1 uM), or imatinib (1 uM) were spread
on fibrinogen (FG, 50 pg/ml) or fibrillar collagen (coll, 100 pg/ml) at 37°C. After 45 min,
platelets were fixed, mounted onto slides and visualized. Scale bar = 10 pm. Results are
representative of three experiments.
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Figure 2. Ponatinib inhibits platelet tyrosine kinase activation
Replicate samples of washed human platelets (5x108 /ml) treated for 10 minutes with

vehicle (DMSO, 0.1%), ponatinib (1 uM), nilotinib (1 uM), or imatinib (1 uM) were spread
surfaces of fibrinogen (50 pg/ml) or fibrillar collagen (100 pg/ml) at 37°C. After 45 min,
non-adherent platelets were removed and adherent platelets were washed three with PBS
before lysis into sample buffer, separation by SDS-PAGE and Western blotting (WB) for
(A) phosphotyrosine moieties with 4G10 antisera as well as (B) phospho-Src Tyr416,
phospho-Lyn Tyr507 and (C) phospho-BTK Tyr223 and phospho-LAT Tyr191. Tubulin
serves as a loading control. Western blots are representative of four experiments.
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Figure 3. Ponatinib blocks platelet aggregation in response to CRP stimulation

Page 15

Washed human platelets (2x108 /ml) were treated with ponatinib (0.1 uM), nilotinib (1 uM),
and imatinib (1 uM) before stimulation with 3 ug/ml CRP (time of addition signified by
arrow) and analysis by Born aggregometry. The change in optical density was recorded as a
vertical drop and lag times to quantify the extent of the inhibition of platelet aggregation

(Table 1). Results are representative of three experiments.
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Figure 4. Ponatinib blocks P-selectin and phosphatidylserine exposure
(A) Platelet surface P-selectin levels analyzed by flow cytometry following vehicle

(DMSO), ponatinib (1 uM), nilotinib (1 pM), or imatinib (1 pM) treatment and incubation
with vehicle, CRP (10 pg/ml), or thrombin (1 U/ml). (B) Phosphatidylserine levels analyzed
by flow cytometry following vehicle (DMSO), ponatinib (1 uM), nilotinib (1 puM), or
imatinib (1 pM) treatment and incubation with vehicle, CRP (10 pg/mL), or CRP (10
ug/mL) and thrombin (1 U/ml). Results shown as mean fluorescence intensity (MFI). *
signifies p<0.05 with respect to DMSO control; N=3, error bars represent S.E.M.
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Figure 5. Ponatinib inhibits platelet aggregate formation under shear
(A) Whole blood was treated with vehicle (DMSO, 0.1%), ponatinib (1 uM), nilotinib (1

M), or imatinib (1 pM) and perfused at 2200 s~1 at 37°C through vitro tubes coated with
collagen (100 ug/ml) to form platelet aggregates. (B) The percent surface area covered by
aggregates was computed by outlining and quantifying platelet aggregates. * signifies
p<0.05 with respect to DMSO control; error bars represent S.E.M. N=3, scale bar = 10 pm.
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Table 1
Effect of BCL-ABL inhibitors on percent aggregation and lag times.

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Inhibitor Agonist Percent Aggregation (%) | Lag Time (sec)
DMSO (0.1%) 100 143+31
ponatinib (0.1 pM) CRP 43+205" 420+51"
nilotinib 1 pv) | G H9/MD 79.0 +15.6 11322
imatinib (1 pM) 96.4+£3.2 15.0+15
DMSO (0.1%) 100 3.0+0.0
ponatinib (1 pM) Thrombin 80.1+28.9 3.0+£0.0
nilotinib (L pm) | (@2 UMD 100492 3.0+0.0
imatinib (1 pM) 98.4+135 3.0+£0.0

*
signifies p<0.05 with respect to DMSO control; mean + S.E.M.
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