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Abstract

The Total Thrombus-formation Analyser System (T-TASa isvhole blood flow chamber
system for the measurement of in vitro thrombus formatioder variable shear stress
conditions. Our current study sought to evaluate the poteriiay of the T-TAS for the
measurement of thrombus formation within human and mebsée blood. T-TAS microchips
(collagen, PL chip; collagen/tissue thromboplastin, AR xhiere used to analyse platelet or
fibrin-rich thrombus formation respectively. Blood sdespfrom humans (healthy and patients
with mild bleeding disorders) and wild-type (WT), mice werstéd Light transmission lumi-
aggregometer (lumi-LTA) was performed in PRP using several concentrations of ADP,
adrenaline, arachidonic acid, collagen, PAR-1 peptide andetgiothrombus growth (N=22)
increased with shear within PL (4:40£1.11, 3:25+0.43 and 3:12+0.48 mins [1000, 1500 an
2000s')) and AR chips (3:55+0.42 and 1:49+0.19 [248ad 6003]). The area under the curve
(AUC) on the PL chip was also reduced at 10@fasnpared to 1500/20006260+51.7, 317+
55.4 and 301+66.2 respectively). In contrast, no differemcései AUC between 24G3sand
600s! were observed in the AR chip (1593+122 and 1591+158). The intra-asdffigient of
variation CV) (n=10) in the PL chip (10063 and AR chip (240% were Ti014.1%, 016.7%,
T106022.8% and AUG:24.4% or T09.03%, &e8.64%, Tos023.8% and AUG:5.1%. AR chip
thrombus formation was inhibited by rivaroxaban (1uM), mttwith ticagrelor (10uM). In
contrast, PL chip thrombus formation was totally inhibitsdticagrelor.T-TAS shows an
overall agreement with lumi-LTA in 87% of patients (n=30) with normal platelet counts
recruited into the genotyping and phenotyping of platelet [&Afudy anduspected to have

a platelet function defect. The onset (o) of thrombus formation in Wimice (N= 4) was
shorter when compared to humans e.g. PL chip (1Y)00swere 02:02+00:23 and 03:30+0:45

respectively). T-TAS measures in vitro thrombus formatiod ean be used for monitoring



antithrombotic therapy, investigatingatients with suspected platelet function defects and

monitoring platelet function within mice.
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I ntroduction

Haemostasis is an important process that maintatnmtégrity of the circulatory system and
minimises blood loss upon vascular damage. When a blood-vesses injured a number of
concomitant events occur. Initially, circulating platslare recruited to the site of injury, where
they are activated to become a platelet plug. Simultaneblesid coagulation is triggered by
tissue factor resulting in thrombin generation and ridormation. The formation of fibrin,

together with the platelet plug become major compongitise developing thrombus at the

sight of injury to prevent bleedirﬂ[.l]

A number of instruments have now become available to tigade bleeding disorders by
accessing platelet function defects. However, the owysmon used techniques such LTA are
aggregation based and so do not access platelet inpthesiological condition. The more
recent developed methods such as the impact cone andepjatealyser (CPA), PFA-200 and
the Total Thrombus-formation Analysis System (T-TA&) #fow based methods using whole
blood and therefore measure platelet function under pioysiological conditionsAlthough
both systems measure thrombus formation under high, SBBA monitors platelet adhesion
to a polystyrene plate and the PFA-200 measures thrombuation within a small aperture
. Therefore, both are sensitive to VWF Ievﬂs [B]contrast, the T-TAS has the advantage
of evaluating thrombus formation in more physiological aadable flow conditions with

varying effects of VWF Ievelﬂ4]

The T-TAS device is provided with two types of disposabldyto-use microchips: (1a
platelet (PL) chip coated with collagen for assessintglefathrombus formation and (2) an
atherome (AR) chip coated with collagen and tissue factorla$sessing white thrombus

formation mediated by the activation of coagulatiod platelets. The device therefore offers



a potential advantage of simultaneous assessment opladétet and coagulation defe [5
The T-TAS was initially designed to monitor the effeetiess of antithrombotic agents. A

number of studies have reported its potential utility iresssient of anti-platelet drugs e.g.

aspirin, clopidogrel, PAR-1 and PAR-4 antagonlf [6-8] andthraimbotic agents e.g. direct

thrombin and factor Xa inhibitor$ [9]. T-TAS has also daestrated high sensitivity in
detecting coagulation disorders such as haemoa [LOy@mdlVillebrand diseasg [11], as
well as platelet function defects for example, storagd gisease (SPD2]. In assessing
acquired haemorrhagic conditions, the T-TAS was abjeddict the risk of bleeding in atrial
fibrillation patients undergoing catheter ablati[l:ijurthermore, T-TAS has been

demonstrated to be a useful tool in the study of thrombusataymin blood taken from animal

models such as miniature pi14] and ﬁ

M aterials and M ethods

Participants

A total of 59 individuals (37 patients and 22 controls) werduated and recruited into the

GAPP study|\(ww.birmingham.ac.uk/plateletgapfrom 9 UK Haemophilia comprehensive

care centres. All patients or their parents gave writtemmed consent in accordance with the

GAPP project ethical approval (REC reference: 06/MREQ7/36).

Reagents

ADP, ristocetin and adrenaline were purchased from Sigmag(Rdi§). Arachidonic acid and
U46619 were purchased from Cayman Chemical Company (Michigan, US&)PAR-1
peptide (SFLLRN) was purchased from Severn Biotech (Kiddermjndt€x. Collagen was

purchased from Takeda (Austria) and luciferin luciferasageat (Chrono-lume) was

5


http://www.birmingham.ac.uk/plateletgapp

purchased from Chrono-log Corporation (Havertown, PA, USA&. feagents were dissolved
in phosphate-buffered saline (PBS) at pH 7.4 and storedzenfaliquots, thawed and diluted
in PBS when required and kept on ice. Collagen was stor@d@wxcentrated stock at 1 mg/ml
as supplied by the manufacturer at 4°C and diluted withufiertprovided. AR chip, PL chip,
CaCkcontaining 1.25 mg/mL of Corn Trypsin Inhibitor (CaCTI) and 39d@ium citrate were
provided by Quadratech Diagnostics Limit&gbgom, UK. 25 ug/ml hirudin blood tubes were
purchased from Roche Diagnostics (Munich, Germany). TitagiE0 mM) and Rivaroxaban
(10 mM) stock solutions were provided by Leeds Institute of iGeadcular and metabolic

medicine University of Leeds (Leeds, UK).

Blood sampling, platelet preparation and platelet count

Whole blood (40 ml) was obtained and anticoagulated withtemd volume of 0.109 M
buffered trisodium citrate in vacutainer plastic tufidecton Dickinson, Plymouth, UK). An
additional(5 ml) blood was collected, 2 ml was anticoagulated with ED'¥acutainer plastic
tubes (Becton Dickinson, Plymouth, UK) and 3 ml was aagjodated with hirudin in
vacutainer plastic tubes (Roche Diagnostics, Munich, Gernmdfiyal concentration, 25
ug/ml). The same volume of blood was collected from a healthyrobat the same time in
each Centre. Blood samples were immediately transportée testing laboratory where they
remained capped and stored upright at room and assayed withins4(hy T-TAS) and within

6 hours (by lumi-LTA) from collection. Platelet richasima (PRP) was prepared by
centrifuging the citrated blood samples at 200 g for 20 matelet-poor plasma (PPP) was
prepared by further centrifugation at 1,@p@r 10 min. Both samples were transferred irho 1
ml Falcon tubes, capped and stored upright at room temperdilivele blood platelet
parameters were analysed from EDTA blood samples from ma#adtcontrols using théN-

1000 whole blood counter (Sysmex UK, Milton Keynes).impedance analyser (Coulter Z2



Beckman Coulter, High Wycombe, Bucks, UK) was used to coantltttelets within the PRP

by diluting 5 pl of PRP into 10 ml of fresh Isoton Il dilueBe¢kman Coulter, Bucks, UK).
Platelet aggregation in platelet-rich plasma

Tests were carried out as described previo [16]. Agdoegstiudies were performed by
using a dual Chrono-log lumiaggregometer (model ChronoLog 460 VSegmyeter,
LabMedics, UK) in 400 uL. mini cuvettes and stirred at 1200 rpm at 37°C. The 100% line was
set using autologous PPP and the 0% baseline established withuratiluted PRP. After
one min platelets were stimulated with ADP (10, 30, and 10Q pdfgnaline (10, 30, and 100
M), arachidonic acid (0.5, 1, and 1.5 mM), U46619 (1 apdp collagen (1 and 3 pg/mL
collagen related peptide CRP (1, 3, and 10 pg/mL), PAR-1 eefit@ 30 and 100 uM), and
ristocetin (1.5 and 2 mg/mL). Platelet aggregation was meitby measuring the change in
optical density over 5 min after addition of the agonatsl the maximal percentage of
aggregation was recorded. ATP secretion from platelet dgnseules was assessed

simultaneously by lumi-LTA using the luciferase reagent (Gbkame) as described

previously ]

Evaluation of thrombus formation under flow conditions on human blood

In vitro thrombus formation was analysed on the T-TA®&umsent (Zacros, Fujimori Kogyo
Co. Ltd., Tokyo, Japan) using two types of microchips, the PL chip (width 40 pm x depth 40
um) (containing 25 capillary channels coated with type 1 collagen) and the AR chip (width 300
pum, depth 60 or 120 um, length 15 mm) (consisting of a soagélary channel coated with
collagen and thromboplastin). The PL chip was used to smadlatelet thrombus formation
(PTF) under three different shear rates (1000, 1500 and 20®0@&fly, hirudin anticoagulated

whole blood (320 pL) was pipetted in the reservoir then pedfas 37°C through the PL chip



by a pneumatic pump. After the perfusion of blood was tetligplatelets were then activated
by the collagen coated on the capillary. The AR chip wasl tie analyse white thrombus
formation (WTF) under two different shear rates (248ad 6003). Briefly, citrated whole
blood (480 pl) wase-calcified by mixing with 20 pl of 0.3 M CaCTI immediately before it was
pipetted in the reservoir. The celkcified blood was then perfused at 37°C through the AR chip
by the pneumatic pump. After the perfusion of blood throughdapillary was initiated,
platelets and the extrinsic coagulation pathway werelsEimeously activated by collagen and
tissue thromboplastin. To prevent the outlet port fobwtting, the blood is mixed with 25 mM
EDTA (pH 10.5). The processf thrombus formation in both chips was monitored by flow
pressure changes in the capillary using the pressure senated between the pump and the
reservoir. As thrombus formation proceeded on the caaiddce, the capillary is gradually
occluded, increasing the flow pressure. Based on the flow pressure pattern, the following four
parameters are used to analyse the results (i) T10 {@im=ach 10 kPa) was defined as the
onset of thrombus formation and represents the duration) for the flow pressure to increase
to 10 kPa from baseline due to partial occlusion of microcagédlafii) OT (occlusion time)
was defined as the complete occlusion of the capillamgiwcoincides with a pressure of 60
and 80 kPa for the PL and AR chips respectively. (iii)-60for PL chip and T1@0 for AR
chip were defined as the interval between T10 and OT, repmagehi rate of thrombus
growth; (iv) AUC (area under curve) is an area under the flow pressure curve (under 60/80 kPa)

for 10/30 min after the start of assay for the PL andchAiRs respectively. AUC is used to

guantify a decrease in WTF when OT is not achieved duringntieeperiod of assay.

Antithrombotic effects of ticagrelor and rivaroxaban under flow conditions



Ticagrelor (final concentration, 10 puM) was incubatedhegit in hirudin or citrate
anticoagulated blood for 10 min at room temperature. Rivaaoxéinal concentration, 1 pM)
was incubated in citrate anticoagulated blood for 3-5 mioah temperature. After incubation
blood were perfused through either the PL chip and/or AR chipntihe T-TAS instrument
as described above.

Statistical analysis

All control results were ruan Graph Pad Prism version 7.0 software to demonstrate th@ho
distribution and to obtain the mian and standard deviation values which were then used to
determine the cut-off values. Abnormal results by lumi-LWiére determined based on our
previously published methodology that is based upon both thgeitude and time course of
response. The time course, including reversibility is of particularportance. In
contrast, abnormal thrombus formation by T-TAS wasrdated based on the cut off values

of AUCy0 and the Toparameters calculated as tiegercentile from healthy controls.

Results

M easurement of T-TAS in healthy subjects

22 healthy subjects (10 males and 12 females; median age 3gars)j were investigated.
Overall, the T-TAS shows some variation in thrombus folonaamong healthy subjects on
both (PL and AR) chips (Figure 1A and 1C). Within the Plpdliiigure 1B), the onset (d)
value (median) and occlusion timesgl at a shear rate of 1000' svere greater than at
1500/2000 3 (T10=03:30, 03:02, 03:29 and Teo=08:10, 06:27, 06:42 respectively). In contrast,
the AUGovalue (median) was reduced at a shear rate of 10@tas at 1500/2000'5260,
317 and 301 respectively). Furthermore, the thrombus growth ratesogf) in the PL chip
(median) decreased as the shear rate increased (04:40, 08:@3:52 respectively) (Figure
1B). A shear dependent decrease was also observed archiian times (30) and thrombus
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growth rates (Toso) on the AR chigTso=12:1 and 11:30; T1080= 4:36 and 2:21 respectively)
(Figure 1D). However, no significant different of the Akd@alues (median) was observed
between low and high shear values (1593 and 1591 respectivatyristhgly, the onset (1b)
value (median) on AR chip was greater at high shear (09:10)aththe low shear (08:16)

(figure 1D).

Intra-assay coefficients of variation (CV) were cédted from 10 sequential measurements of
a single sample obtained from one healthy subject (THbl®verall, the difference of CV
between shear rates within the PL chip was more signifmampared to the AR chip. On PL
chip the CVs of %o, Ti060and AUGo were smaller at 2000 Sthan at 1000/1500 $ whereas
the CVs of To were almost identical at all three shear rates. IrcNR however, the CV of all

four parameters were low at 600'shan that at 240 $ (Table 1).

M easurement of blood from healthy subjects spiked with antithrombotic drugs

No thrombus formation was observed in the PL chip when bl@sdre-treated with ticagrelor
(10 uM) (Figure 1E). In contrast, thrombus formation in the ARRpovas not affected by
addition of ticagrelor (Figure 1F). However, thrombus fation in the PL chip was observed
with blood pre-treated with rivaroxabdfuM) but varies between subjects when perfused

through the AR chip at lower shear rates (Figure 1G).

Measurement of T-TAS on samples from patients recruited into the GAPP study with

suspected platelet function defects.

We analysed 30 patients (8 male and 22 female) with a madm 35 (range 7-73) recruited
into the GAPP study and compared T-TAS (PL chip) resutts vmi-LTA. All patients had
normal platelet counts (26168 x10/L). Of 30 patients tested (Figure 2C), 10 (33.3%) patients

gave abnormal responses by lumi-LTA to one or more agoasstdefined using previous
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criteria ]. In contrast, 8 (27%) patients were detectedvwe abnormal thrombus formation
by T-TAS, as defined using the cut off values obtained froaittngecontrols.T-TAS detected
an abnormality in 1 patient that was normal by lumi-LTA, s 3 samples were normal by
T-TAS but abnormal by lumi-LTA (Figure 2A and 2B, respectivelfe overall agreement
between the two instruments is shown in table 2. 26/30 samgalve identical results by both
tests, with the majority (19) giving normal responses, vateresamples gave abnormal results
by both tests. In contrast, there was disagreement in 4f3flesa In this study we used AWC
and the To parameters to identify a defect on T-TAS. 7/8 (88%) sampitisan abnormality
detected by T-TAS have low values of AW®ne patient however, had normal AW€alue

(AUC10=177.8s) but a delayedidfparamete(T10=5.445)
Analysis and identification of patientswith platelet function defects

Functional defects identified by lumi-LTA were classified into 4 main groups (Gi defects,
secretion defects, COX-like defect and multiple defects) according to their pattern of responses
to specific agonists as previously described . As shown in figure 2D, T-TAS detected all
patients classified by lumi-LTA with COX-like defect or secretion defects (1 and 2 patients
respectively). In contrast, T-TAS only detected 1/3 patients with Gi defects but 3 out of 4 with

multiple defects.

M easurement of T-TASin sample from GAPP patientswith thrombocytopenia recruited
with suspected platelet function defects

We additionally analysed 7 patients (2 male and 5 fenfale)d to have mild to marked
thrombocytopenia as characterized by low whole blood ptatelunts (<150 xFL), but
normal platelet counts in PRP when tested by lumi-LTAe whole blood platelet counts
(meant SD) were 7% 34 (x10/L). The waveform of each individual patient is presented i

figure 2A. AUGo parameters (Figure 2B) showed significant differences betwealthy
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controls (n=22) and patients (n=7). All 7 patients testedibérd abnormal thrombus
formation within the T-TAS (Figure 2A). Interestingly, $&tients were also detected by lumi-
LTA to have platelet function defects (3 secretion Ai@&bx-like defects) in additional to their

thrombocytopenia.

Measurement of T-TASin samplesfrom WT mice

Blood samples froVT (n=5) were tested using PL chips (106@&sd 2000 $) and AR chips
(240 sh. Within the PL chip, shear enhanced thrombus formation observed with all
parameters; however, any differences in measuremenigediet shear rates was only
significant with the AUGo parameter. For example, the values dias) at 1000 §(T10=
02:02, o= 04:40 and Tos0=02:38) were greater than at 2000($10= 01:16, Fo = 03:26
and Tioso = 02:09). Consequently, the AlCat 1000 8 was shorter than at 2008 £405.5
and 463.6 respectively) (Table 3). The valuesdian® of thrombus formation within the AR
chip (2404) are shown in table 3. For example, theliaa values of o Tso, Tio0s0and AUGo

were 02:52, 06:41, 03:48 and 2048.98 respectively.

The difference in thrombus formation betw&¥m mice (n=5) and healthy humans (n=22) was
then comparedOverall, thrombus formation in WT mice was more dapn both the PL and
AR chips (Figure 3A) than in humans. With PL chip measergs) the differences between
two models were significant with all parameters. Fomgda, WT mice values (median) at
1000 s'were Tio=02:02, Teo= 04:40, T1060= 02:38 and AUC;o= 405.5 (table 3) whereas the
values in humans (median) at the same shear were T1o= 03:30, Teo= 08:10, T10-60 = 04:40and
AUC o = 260 (results not shown). In contrast, with AR chip measurements the different
between two models were only significant withy, TTso and AUGo but not with Teso (Figure
30).

Discussion
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The T-TAS is a flow chamber system that evaluates thusnformation using whole blood
samples that flow on different thrombogenic surfaces uaderial or venous shear conditions
This approach offers an advantage for rapidly assessing hbsorformation in more
physiological conditions using whole blood under flow. Furiene, this method requires
comparatively small blood volumgs50 ul) making it potentially practical for clinical
application|[4]. Importantly, T-TAS has all the fiveqrerements of flow assays methods as
described by Roest et ﬂl&ve therefore sought to evaluate the potential utilityhefT-
TAS for assessing thrombus formatimnblood from healthy individuals, blood spiked with
antithrombotic agents, blood from GAPP study patientls mitd bleeding disorders and blood

from mice.

In healthy controls, both the start and end points odénbtbbus formation varied among
individuals within both chips suggesting that measurementsngiot using the T-TAS may
reflect individual variability of thrombus formation. Win the PL chip, the rate of thrombus
formation was shorter at higher shear rates which wéectefl in all parameters measured
(Figure 1B). This supports the evidence that high-shear @atesifthe GPIBX-V/VWF axis

to induce more efficient thrombus formatipn [19]. Intrast, the effect of the shear rate within
the AR chip was variable, in particular the onsab){Figure 1D) where the value at the high
shear was greater than at the low shear in contrasewops findings. However, an
increased rate of thrombus growthid{do) in accordance with an increase in shear rate was
observed on AR chip similar to that on PL chip, indicating tha shear rates accelerated the
growth rate of the thrombus. Shear rate enhancenmi@nTAS parameters were also reported
by Hosokawa et al., and Yamaguchi et ﬂﬁ . In our study, the T-TAS also exhibited high
intra-assay coefficients of variation (CV) within bathips (Table 1). Typical CVs obtained

were much higher than those described by Yamaguchi et alughitheir sample size (n=5)

was smalle ]
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We also evaluated the utility of T-TAS in detecting #ffect of antithrombotic therapy on
haemostasis using two types of drugs. 1) The antipladelg Ticagrelor (P2) antagonist)
and 2) The anticoagulant Rivaroxaban (factor Xa inhibitbigagrelor (10 uM) completely
suppressed thrombus formatieithin the PL chip. These findings agree with Hokosawa et al
who also previously demonstrated that thrombus formatiommithe PL chip was inhibited
by P2Y:> antagonist [-ﬁ In contrast, the inhibitory effect of Ticagrelor ¢dirombus
formation was not observed within the AR chip. As thrombushation within the AR at low
shear rate is more dependent upon fibrin form it is possible that P2Y inhibitors
are therefore expected to have no effect in this chifatelgts play little or no role in thrombus
formation at low shear rat . Secondly, platelets within the AR chip could also be
activated via the PAR-1 receptor by thrombin which is geedrfitom activation of the
coagulation pathwayETl]. This was demonstrated by Hokosawabgt @emonstrating that
PAR-1 antagonism reduced thrombus formation within the Afp . In contrast,
Rivaroxaban (uM) incubation with whole blood within the AR chip displayamhsiderable
variability on affecting thrombus formation with a dedd onset despite complete thrombus

formation (figure 1G). Hokosawa et al. also demonstrabedl Rivaroxaban 1uM) only

moderately suppressed thrombus formation within the AR ﬁ.ip—Iowever Sugihara et al

demonstrated that Rivaroxaban at the estimated clipeak dose (800 nM) significantly

suppressed thrombus formati [ZEl]lrthermore, Hosokawa et al., also used T-TAS to show that
the anticoagulant effect of thrombus formation was intmmkifvhen anticoagulant and antiplatelet
drugs were used in combination [Jhese findings suggest that T-TAS could be a clinicallyusef

tool for monitoring the antithrombotic effect on bothatplet and coagulation pathways.

Furthermore, we performed a comparative evaluation offtRé&S using the PL chip with

GAPP patients with suspected platelet function defects@ngared the results with the gold
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standard of lumi-LTA. Comparison of the overall resuitS80 patients with normal platele
counts(Table 2) demonstrated a good agreement between T-TAS (PL cligym@i-LTA
with concordance in 87% of samples tested. As 67% oplesmvere defined as normal by
lumi-LTA, T-TAS therefore gave a NPV of 8686ggesting that the test could be a potential
screening tool for the characterisation of platelet function disorders. Interestingly, T-TAS also
detected all patients with COX-like defects and secretion defects (Figure 2D). This finding is
consistent with earlier reports showing that T-TAS was able to detect all patients diagnosed
with SPD . T-TAS also showed high consistency in detecting abnormalities in patients with
multiple defects. This finding supports the earlier report suggesting that T-TAS is reliable in
detecting more severe forms of platelet defects such Bernard-Soulier syndrome . However,
T-TAS failed to detect thrombus formation in all patients with thrombocytopenia including
three patients that gave normal responses by lumi-LTA (Figure 2A and 2B). This might suggest
that T-TAS is not reliable for testing samples with low platelet counts and that thrombus
formation is dependent on normal platelet numbers. An earlier study on healthy subjects
demonstrated a good correlation between normal platelet counts and T-TAS parameters .
Further studies are required to investigate the relationship between platelet counts and T-TAS
parameters.

There is no single parameter that has been descrilbedntmre useful in defining haemostatic

abnormalities within the T-TAS. Almost all studies evalogtbleeding disorders in the T-TAS

have used AUGs0and to a lesser extent theo(11-13 . AUC is particularly useful in

guantifying a decrease in thrombus formation when occiusioe is not achieved during the
time period of assay. In our study almost all samples it®)abnormalities detected by T-
TAS exhibited low values of AU One patient however, gave normal values of AdbOt

with delayed To parameters. Interestingly, the patient was also fouhédve a defect by lumi-
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LTA. This might therefore suggest that a combinatiomefind AUC parameters are sufficient

to identify any haemostatic abnormalities on T-TAS.

The use of comparatively small blood volumes for T-TA%Kesait practical for studyingx
vivo thrombus formation in small animal models. This dopbtentially result in significant
reduction of animal usage in research laboratories. Toaesthe utility of T-TAS for testing
thrombus formation in mouse blood, we first analysed béamaples fronWT mice WT blood
demonstrated more rapid total thrombus formation comparedntar blood Similar results
were reported on studies of blood from miniature Bigesting that these animals might
exhibit increased thrombogenicity than humans, possiblyabheher platelet countgTable
4). As expected, all KO models displayed poor thrombus dtom within the PL chip
concurring with previous in vivo and in vitro findin24]. Imti@ast, full thrombus formation
was observed within the AR chip twiall KO indicating that the coagulation pathways are
normal and that platelets probably have little significgonitribution to thrombus formation
using this system, at a shear rate of 24.

Our present study has several limitations. Firstly, the siasy performed with only a small
group of patients suspected to have platelet function disor@ieerefore, for future studies it
would be necessary to enrol a larger number of patientiskwawn platelet function defects
as well as other haemostatic abnormalities such as etiagutiefects (e.g haemophilia and
VWD). Secondly, the study of antithrombotic drugs was perarnusing a single
concentration of either ticagrelor or rivaroxaban andevevaluated separately. It would be of
interest in future studies to evaluate the T-TAS with Ilarfinge of antiplatelet drugs with
different molecular targets and at different conceiatnatas well as in the combination with
anticoagulant drugs. Lastly, the mouse models were omtiiest within the AR chip and at
low shear rates. It would be of interest to determine if hmighear rates would also have

detected similar platelet defects in these mice.
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In summary, T-TAS has demonstrated a good agreemémnt_wmi-LTA suggesting that the
technique could be applie potentially screening patients with platelet function ciste

Moreover, the device might be a useful tool in monigpantithrombotic therapy. Finally, we
demonstrated that the T-TAS could provide valuable assistanepidly studying samples

from animal models with the potential of reducing animal usagesearch laboratories.
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Tables

Tablel Intra-assay coefficients of variation (CV) in PL &k chips measurements in a single
sample obtained from a healthy control (n=10).

PL chip 10005 15005 2000 s AR chip 2405 6005
T, (CV%) 14.4% 15.3% 14.7% Ty (CV%) 8.9% 7.9%
T (CV%) 17.9% 14.3% 11.4% Tgo (CV%) 8.6% 6.8%
T10.60 (CV%) 24.4% 26.4% 19.4% T10.50 (CV%) 22.9% 20.2%
AUC,, (CV%) 24.4% 26.9% 8.6% AUC,, (CV%) 5.1% 5.0%

Table 2 Analysis of the agreement between the T-TAS and lumi-Li Aatient samples
(n=30) displaying sensitivity, specificity, positive preadie value (PPV) and negative
predictive value (NPV).

Lumi-LTA Lumi-LTA
(Abnormal) (Normal)
T-TAS (Abnormal) 7 1 PPV=88%
T-TAS (Normal) 3 19 NPV=86%
Sensitivity = 70% | Specificity =95%

Table3 T-TAS measurements in samples from WT mice (n=5) pe¥d on both PL and AR
chips using different shear rates. Data presented as aneaSD.

1000 s 2000 s 240 57!
PL chip (median + SD) | (median = SD) AR chip (median + SD)
T10 (min) 02:02 £00:23 | 01:16 £00:18 [T10 (min) 02:52 +£00:41
Tso (min) 04:40 +00:43 | 03:26 +00:37 [Tgo (min) 06:41 £ 02:37
T10-60 (min) 02:38 +£00:38 | 02:09 = 00:28 |T10-80 (min) 03:48 + 02:03
AUC,0(AUC) 4055 £22.17 | 463.6 +26.34 |AUCs (AUC) 2048.98 = 105.4

Table4 Measurement of whole blood platelet count and MPV in sasrigden WT mice (n=p
and human (n=22pPata presented as mean and SD.

Wild type mice Human
Platelet count (Median + SD) 839+ 166 (x10°/L) 225+ 65 (x10%/L)
MPV (Median + SD) 5.55+0.76 (fl) 116+ 1.1 (fl)
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Figure legends

Figure 1. Measurements of blood from healthy controls (n=22) usin@thehip and AR chip.
For panel A and C, flow pressure curves of all individualasueed at low shear rates on PL
chip (1000 s%) and AR chip (2409, respectively. For panel B and D, distribution of the T
TAS measurements from different shear rates usinghifi.and AR chip, respectively. For
panel E and F, effects of the ticagrelor (M) on blood from healthy controls (n=4) measured
on PL chip and AR chip, respectively. For panel G, effecteefivaroxabaiflpM) on blood
from healthy controls (n=5) measured on AR chip (barsesgmt median values). Statistical
analysis performed by the Mann Whitney U test and thewaiyeANOV A test with Sidak’s
adjustment for multiple comparisons (***p <0.001, **p<0.01 and *p<0.05)

Figure 2. Measurements of thrombus formation in the PL-chip (1080v&ith whole blood
samples from healthy controls (n=22), patients (n=20) tectible platelet defects by Lumi-
LTA, patients (n=10) with platelet defects as defined by {uih and patients (n=7) with
thrombocytopenia. Panel A, flow pressure curves displayrab(black), normal T-TAS
(green, abnormal T-TAS (red) and patients with thrombocytugpe(blue). Panel B,
distribution of the T-TAS measurements display cor(iotzck circles), normal T-TAS (green
circles), abnormal T-TAS (red circles) and patienthwirombocytopenia (blue circle$anel
C, simmary of overall patients results (n=30) analysed on lumi-LTA and T-TAS comparing
between normalblue) and abnormal (red). Panel D, tassification of platelet function defects
among patients detected by lumi-LTA (blue) and T-TAS (red). The results were considered to
be abnormal (by lumi-LTA) as previously established in théP84rogram using samples
from healthy subjects (Dawood et al 2012) and (by T-TAS) whey fdil below the cut-off
values (% percentile) calculated from healthy individu@satistical analysis performed by the
Mann Whitney U test (bars represent the median valu@g)ifiSance as compared to control
in each parameter (***p<0.001 and *p<0.05).

Figure 3. Measurements of thrombus formation within the PL-chip (1980and AR-chip
(240 s) with blood from human (black) and WT mice (red). Panella\y pressure curves
observed within PL-chip (1000%. Panel B, distribution of the T-TAS measurements
obtained fromPL-chip (1000 st). Panel C, flow pressure curves observed within AR-chip
(240 s?). Panel D, distribution of the T-TAS measurementsiokd fromAR-chip (240 st).
Statistical analysis performed by the Mann Whitney U tleats( represent median values).
Significance as compared between human and WT blood inp@aameter (***p<0.001).

Figure 1
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Figure3
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