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Inherited Platelet Function Disorders (IPFD)
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P4 Grupo Espanol de Alteraciones Plaquetarias Congenitas (GEAI
(SpanishGroupof IPD)

Multicentric Project ofFunctionaland MolecularCharacterizatiorof IPDs(20082025

Comprehensive approach to IPD diagnosis
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Standard Approach to diagnosis of IPD

Sessior8: PGresele Sessiong,4,69 Sessiorb: KFeson
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Clinical Blood drawn First&seconasteps Thirdstep Diagnosis &
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Gresele.. JThrombHaemost2015; Rabbolini. Pathology2020;Gomez. Br Haematol2021;Bourguignon..Crit RevClinLabSci 2022 SancheZuentes..Biomolecules2025



Screening methods in IPFD diagnosis

A: TEG B: ROTEM C: Sonoclot

PFA-100: Bleeding time in vitro
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Studies have shown thatultiplate is less sensitive
than LTA for diagnosing moderate TPCs.




Diagnosticmethodsfor IPFDs

Light Transmissioaggregometry J Flow cytometry J
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cAMP Thromboxane B2
P: Homozygous carrier of RAGRP2 variant ;
C: Healthy Control run in parallel
Gonzélez-Conejero et al. Br J Haematol. 2003 123:132-8 .
Sanchez-Guiu |, et al. Hamostaseologie. 2014;34:301-9 |mmun0b|0tt|ng- CAMPIGVG' TxBZGVe| (Serum
) ) )
Limitations: Laborious; highly specialized personnel, expensive and sophisticated equipment. LTA su pernatant’ Wh0|e bIOOdb_TG’ etc .

Methods: Total mount, fixation-fine section EM (scanning electron microscopy).
Uses: Granule deficiencies (GPS, HPS, CHS, GATAI, etc),



Light transmissioraggregometry(LTA) in PRP
GVRBORNWw h Q. wL9Db

AGGREGATION OF BLOOD PLATELETS BY ADENOSINE
DIPHOSPHATE AND ITS REVERSAL

By Pror. G, V. R, BORN
Department of Pharmacology, Royal College of Surgeons of England, London

N 1956 it was shown that blood platelets contain

adenosing triphosphate (ATP) in extraordinarily
high concentrations' and that most of this ATE
breaks down rapidly when platelets are suspended
in plasma which is clotting®* or whenever platelets
undergo viscous metamorphosis', The suggestion was
made® that if this breakdown involved ATP situated
on the surface of the platelets, the large net negative
charge on platelets® might be diminished and their
tendeney towards adhering to each other enhanced,

Recently, it has been found that platelets can be
mado to aggregate in plasma and to adhere to other
surfaces by adding adenosine diphosphate (ADP)
(ref. 7). Twenty-two nucleotides were tested for this
offoet; it was brought about only by ADP and by
deoxyadenosine diphosphate. Since it is likely that
ADP is produced by platelets themselves whenever
their ATP breaks down, the adhesion and aggregation
of platelets that occur in the initial stages of throm-
bosis may woll be initiated by ADP.  This effect has
therefore been investigated by a method, recently
desoribed®, with which the rate at and extent to which
platelets aggregate can be determined quantitatively.

About 80 ml. of human blood was mixed with just
enough sodium citrate (3-8 mgm., /ml, blood) or hoparin
{0-01 mgm./ml. blood) to prevent clotting, As
cooling inoreases the tendency of platelets to aggre-
gate, the experiments were done at room temperature
of 20°-22° C. The blood was centrifuged at 500y
for 20 min. The plasma, usually about 35 ml, and
containing 10°-10" platelets/ml,, was transferred with

& giliconed capillary pipette into a plastic measuring
cylinder.,

A sample of 3 ml was pipetted into a Spinco
centrifuge tube, made of transparent plastic, which
was inserted into a Umicam SP 400 absorptiometer.
Light at a wave-length of 600 my was passed through
the tube. The dark eurrent was set ab mfinity and the
optical density of distilled water at zero. The optical
density of platelet-rich plasma was proportional to
the concentration of platelets in it, provided the
optical density of platelet-fres plasma was subtracted.

The platelet-rich plasma was stirred by & small
iron rod covered in polythens which was rotated
magnetically. Stirring was stopped when readings
were taken. When plasma was stirred gently there
wag no eignifieant change in the concentration of
plateleta or in the optieal density; this showed that
the platelets did not stick to the tube or to the stirrer.

When platelet-rich plasma was stirred vigorously
the concentration of platelets usnally decreased
glightly and so did the optical density (Fig. 1). The
decrease was mostly in the first helf-hour; after that
it was very slow or absent, Presumably a small
proportion of the platelets was broken up by vigorous
stirring.

All additions were made to the plasma while it was
being stirred. When substances wers added which
caused the platelats to aggregate, the rate and extent
of aggregation increased as the rate of stirring was
inereased up to about 1,000r.p.m. In the experiments
deseribed here stirring was always ab this rate.

J. elin. Path. (1962), 15, 446

Platelet aggregation

Part I Some effects of the adenosine phosphates, thrombin, and
cocaine upon platelet adhesiveness

J. R. O'BRIEN
From the Portsmouth and Isle of Wight Area Pathological Service

sYNOPSIS  Platelets in native blood adhere spontaneously to glass independently of temperature:
if adenosine diphosphate is added to the blood the adhesiveness of the platelets is increased and this
effect is largely independent of temperature. The mono- and triphosphates decrease adhesiveness
at 20°C. and 37°C. but have no effect at 0°C.; cocaine inhibits adhesion at 37°C. and at 0°C.

Aggregation and viscous metamorphosis of platelets in native plasma is induced at 37°C. by
adenosine diphosphate or by thrombin; these reactions do not occur at 0°C. Cocaine and all the
other anti-adhesive drugs inhibit thrombin or adenosine diphosphate-induced aggregation. The
mono- and tri-phosphates appear to compete with adenosine diphosphate and inhibit aggregation;
they also inhibit thrombin-induced aggregation. Aggregation induced by adenosine diphosphate or
thrombin is not prevented by any of the usual enzyme inhibitors or uncoupling agents at the appro-
priate strength. At 37°C. aggregation and viscous metamorphosis induced by adenosine diphosphate
or thrombin are reversible, and the addition of more adenosine diphosphate or of thrombin again
produces aggregation and viscous metamorphosis.

Platelets incubated with adenosine diphosphate but not agitated lose their power to aggregate but
when more adenosine diphosphate is added with agitation, then aggregation is again produced. These
observations are presumably explained by the finding that intact platelets, but not fragmented
platelets, can inactivate adenosine diphosphate. From these results it is tentatively concluded that
adhesion may involve intrinsic adenosine diphosphate in the platelet which may be activated by
thrombin and inhibited by the added mono- or triphosphate. The anti-adhesive drugs act in a
different manner. These phenomena have a remarkable similarity to those concerning mito-
chondrial swelling.

It is not known why a platelet sticks, but Hellem
(1960) reported that a factor R isolated from red
cells caused platelets to stick to glass; ©ligaard
(1961) also studied a non-protein extract from
platelets and red cells that caused platelet aggre-
gation. Gaarder, Jonsen, Laland, Hellem, and

effects of adenosine diphosphate and thrombin on
platelet adhesiveness to glass and on platelet aggre-
gation and viscous metamorphosis. The effect of the
anti-adhesive drugs and adenosine monophosphate
and the triphosphate and enzyme inhibitors were
also studied in an attempt to understand the pro-

Owren (1961) showed that their factor is ad

diphosphate, that it is highly specific, and that it
induces platelet aggregation in citrated platelet-rich
plasma. O'Brien (1961) showed that the adhesion of
native platelets to glass and to damaged cells in vitro
and im wivo was inhibited by many anti-malarial,
anti-hi inic and local hetic and some other
drugs which will be called the *anti-adhesive’ drugs.
These findings stimulated the present study of the

cesses involved in adh ggregati and
viscous metamorphosis.

METHODS

ADHESION OF PLATELETS TO GLASS  Native blood collected
in a plastic tube was used at once or after cooling for
five minutes in ice-water; the blood was mixed with
barbitone buffered saline as a control or with the material
under study and was passed immediately through ‘filter

Received for publication § February 1962. units" i ofa ity of glass beads in a

@ 1962 Nature Publishing Group 446

O'brienJR. Platelet aggregation: Part | Some effects of the adenosine phosphates,

BORN GV. Aggregation of blood platelets by adenosine diphosphate and its reversal. ; | , ;
thrombin, and cocaine upon platelet adhesivenessSlidPathol 1962 Sep;15(5):4462.

Nature. 1962 Jun 9;194:94.



Light transmissioraggregometry(LTA) in PRP

Goldstandard of PFT
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Agonists ADP gpinephrine collagen ristocetin, arachidonicacid Trap U46619, etc.

Parameters %Shapechange Lag slope %maximalaggregation% finalaggregationareaundercurve.

(BornGVNature1962; 194:92#p T h Q. NAnBathol 19&1p14ME0)



Advantages and limitations of LTA

Advantages:

A
A

Flexible Multiple agonists and doses.
Informationon different aspects of platelet function (receptors, secretion, activatio

Limitations

A
A
A
A
A
A

Responsaest under nonphysiologicatonditions
Laborioustime consuming, qualifiepersonnelrequired
Highsample volume (limitation ipediatrics)

Not applicable in cases of thrombocytopenia or in the presence of interfering
medications or foods

Influencedby manypre- and analyticalariables (anticoagulants, extraction, PRP
making,etc.)

Poorlystandardised

Moffat et al, T&H 2005,Cattaneo M et al AU1.3



Alternative methods to measure platelet aggregation

Multiplate: agregacién semi-automatic aggregation in WB en ST

Principle of Multiplate® analysis

Diagnostic performance for PFD in 109 children Comparison of the diagnostic efficacy for PFD of MEA
with bleeding history: LTA vs Multiplate i and Lumi gt Y

Test N. of patients with abnormal

results 25

A 15 20 B | umiaggregometry

5 MEA (Multiplate)
Multiplate 3 2
Haasetal, Platelets 2018 3
ERT
5 L
. I b .
A S it
R

Al Ghaithietal, JTH 2017

Flowcytometrycbased platelet aggregation assay

B
FCA: flow cytometry-based platelet aggregation test

Aggregation in 96-well plates

EDTA/CitrateHeparin anticoagulated A Ristocetin (t = 0 min) Ristocetin (t = 5 min)
fresh to 2-day-old blood = — =
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» Bl B
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v —_—
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> regy - > Y @ ! a
S ! o * I 10t o i
] [ | =
/ o 1
i Y, S & ‘ 08:“:
- T T | =
88 . 58
_ ) O °jQ8 Q4| © ‘jas Q4
Flow Collect Aganist Antagonist N B N TR R S
Cytometry Time Series incubation incubation 'CDC;1 FITC CD331 FITC !’

@1: CO3-P8 labeled PLTs
W Q2 Aggragatas (doubla-color)
W 03: Plasma/RBCs {unstained)
W 04 CD31-FITC Iabeled PLTS

DeCuyperet al. Blood2013
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OPTIMUL PLATE TEST IN A PATIENT WITH P2Y12 DEFICIENCY

Methods: Optimul Plates et P - F - . - )
z" f 3 e- z= sdfs z= f
Whole blood  PRP R ) R S RN e 3 ol | ¥ “ ; - fﬂ“ i - "
s seecxrry o K L B4
/ : e i " g e o JA -
L SOSC X aivoom 0P oa conspent b0 g [Eerpret
| 118 1 4d a
’ = () - - - ealthy contr
. SO® i: ;: | i: F o
o B 2DOe®) ] J{j‘.‘ = 5 > _d A Potont
5 S lﬁi / GnR G a B K T
" 5 minutes, 37" C

- . . - 9 S W

3. o T S e s [ 5

96-well plates with freeze-dried agonists at different doses.

Only requires adding PPP or PRP; 40 uL/well.

Orbital shaking (BioShale 1Q) 1200 rpm, 5 min, 37°C.

Abs reading at 595 nm in a standard ELISA reader

The % LTA is calculated as a function of ABS of PRP and PPR
Multiple LTA in minutes

Less PRP volume than in LTA

Possibility of collecting supernatants and measuring TXA2, ATP, etc.

Lordkipanidzé et al. Blood 2014; 123:e11-22

v' Optimul plates not commercially available.

agonists or the effect of drugs varies.

Chan & Warner. Platelet 2012; 23:404-8; Lordkipanidzé etal. Blood.2014; Chan et al. Methods Mol Biol. 2023

v' LTAand aggregometry in 96-well plates are not
completely interchangeable; the response to some

Automated LTA in New coagulation Analyzers

Siemens COAG 360°

Healthineers

Sysmex CS-2500
CS-5100
CN-3000
CN-6000

Behnk Thrombomate

Elektronik XRA

LechhiA et al.BloodTransfus 2024; 22:35®

| l—L’

[.
\'\ #

2025 ISTHMEETINGAutomate studycUK
OCA42.2- Evaluation of national guidelines for light transmissi@ggregometry
in adults. Automate study. MiSearPlatton

SysmeXCS series devices.

1021 patients; IPD: Sensitivity 87%; Specificity 94%



Standardization of LTA

J Thromb Haemost 2013; 11: 1183-9. R —

OFFICIAL COMMUNICATION OF THE 55C

Recommendations for the standardization of light
transmission aggregometry: a consensus of the working party
from the platelet physiology subcommittee of SSC/ISTH

M. CATTANEO,* C. CERLETTI, ¥ P. HARRISON,f C. P. M. HAYWARD,§ D. KENNY .Y D. NUGENT,**
P. NURDEN,T7T A. K. RAO,I{ A. H. 5CHMAIER,§§ 5. P. WATSON, Y9 F. LUSSANA,* M. T. PUGLIANO*
and A. D. MICHELSON®***

Update of the recommendations for the standardization of light Major specific considerations relative to platelet function testing
transmission aggregometry of the ISTH SSC on platelet physiology S d int using aggregometry in thrombocytopenic patients
econd manuscrip
Obje“ive The expert panel consensus s that results for LTA should be interpreted with caution when
* Update the ISTH SSC recommendations with regard to LTA pre-analytical, analytical and post- CConsensus on Aggregometry for platelet function testing in thrombocytopenic : 1| platekt counts getlower than 75X 107Lin whole blood
analytical issues in the light of the studies published within the last ten years as well as based : In case of in patients light aggregometry, if
on international expert consensus patients: communication from the SSC of the ISTH .5. 2 [ cifioultis are encountored (0 gt enough platelets by cenlrifugniion, sedimentation by gravty
; in case of severe thrombocytopenia (< 80 X 10%/L in PRP), high concentration of collagen and
M § | 3 |rstooetin agonists are considered most informative for assessing platelet function using ight
embers H aggregomelry
*  Pl: Georges Jourdi; Co-Pl: Emma Josefsson, Eleonora Petito Ruchika SHARMA', Georges JOURDI?¥, |shac NAZY*, Tamam BAKCHOUL®, Marie E When consideing testing other agonists in mild 1o moderate thrombocylopenia (140249 X
* Interested experts: Paul Armstrong, Marina Camera, Scott Cameron, Rutvi Dave, Pierre Fontana, LOROKIPANIDZEY Sofla RAMSTROM® he A PETInTP E ¢ ;ﬂg&;;m;m;;ﬁm”m‘m it
Frangois Mullier, Fabio Pulcinelli, José Rivera, Carlo Zaninetti, Manal lbrahim, Meenakshi 0 ", Sofia s »and the Aggregometry-PFT in TP study group § The use of a platelel count adusted control may be considered for LTA in patients with
Banerjee, Charlotte Gran 5 T“;‘Tmopenw Thea;us:?(anmaumed normal sample IS considered good practice as a
In the case of whole blood impedance based aggregometry in patients with low piatelet

Link to the manuscript for review 6 | counts, the use of 2 concentrations of ADP (low and high) should be considered to account for
the 5 ADP release from platelets and red cells

For whole blood impedance based aggregometry, there is very littie data to reliably interpret

Status
+  Approved project starting on June 16, 2025: 1t meeting P1/Co-PI roadmap for the project

Public Comment on Aggregometry for Platelet
Function Testing

~

resuits for testing inundiluted sampleswith a platelet count below 50 X 109/1

Whole blood
impedence
aggregometry

+ 2" meeting 1% of July 2025 with all interested experts to start the literature review: Nov. 2009- t‘i
July 2025 https://survey.alchemer.com/s3/8318565/Public-Comment-on-Aggregometry-for-Platelet-Function-Testing There is insufficient evidence 1o suggest adjusting the platelet counts in the control samples =

. ) . o 8 | when using whole blood impedance aggregometry isth2

* Three groups: pre-analytical, analytical, post-analytical & LTA indications e

o ottt S PR P e For uDdatesy contact Georges Jourdl



Recommendations for the standardization of LTA: a consensus of
working party from the platelet physiology subcommittee of SSC/IS

70 statements grouped into:
1. Clinical usefulness of LTA
Pre-analytical variables
Blood collection
Preparationof PRP and platelgioor plasma (PPP)
Assessment of PRP quality
Methodology
Choice of agonists

© N o O bk W

Evaluation and reporting of results
CattaneoM et al. JThrombHaemost2013;11: 11889



LTA SSASTH recommendations. Performance

Druguse control (no usdor 10days); rest period (30 min); no smoking (30 min); waffeine(2h); not fasting

Bloodextraction 21gneedle minimalstasis Firstml for blood count; plasticor siliconisedylassubes, 3.2%
bufferedcitrate (0.102 M), 15 minutesest

PRMPoreparation 150 x g 10 min, RT, boake[isth: 200250 x g]Restl5 minNot suitablefor giantplatelets
(SBy(sedimentatior)

Plateletcount not adjustedin the PRRnormalrange... 150-600.000pl/ul).

Sampledrom a normalsubjectrun in parallel.

Testexecution 37°C, 1000 rpm, 5 minuteecording(10 minfor someagonsit$ , 250 pL finalolume
Completed (if possible <4hoursfrom extraction.

Agonists < 10%volume concentrationfrom-

AADPR2uM ; EpinephrirbuM; CollagerRug/ml; PARALOUM; TxA2.. 10M; AA 1mM; U46616.1um;
Rsitocetinl,2mg/ml (0,52mg/mL)

Evaluation Shapechage Lagphase Slope Maximal%; Final %Secondanwave;Deaggregation

CattaneoM et al. JThrombHaemost2013



Clinical Usefulness of LTA: ISTH recommendation:

U LTAIs clinically useful for the study of subjectswith bleeding
disorders

U LTAshouldnot be usedfor the identification of subjectsat risk of
thrombosis exceptin research(the expertsagreedthat this is an
areathat still needsfurther studiesand standardization)

U LTAshould not be used for monitoring subjectson antiplatelet
therapy, exceptin research

CattaneoM et al. JThrombHaemost2013;11: 11889



How useful Is LTA for the diagnosis of IPFDs

It is very useful.. (If used properly)



LTA (%)

LTA, alone, cabe diagnostic for a few severd’FDs
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LTA utilityin diagnosis of mild/intermediate
IPFDs Is far less clear?

Hayward CPM et al.ThrombHaemost 2009; 7:674
DawoodBB et al. Blood. 2012;120: 56492

AlessiMC et al. LlinMed. 2020;9:763

Bourguignon A et aCritRevClinLabSci 2022;5940544
Sanche#uentes et aBiomolecules 2025; 15:846

Could We Use General Guidelines to Interpret LTA in moderate IPFDs?



Cuedor interpreting LTA in moderaté’FDs

Evaluation of participants with suspected heritable platelet function disorders
including recommendation and validation of a streamlined agonist panel

Ban B. Dawood,! Gillian C. Lows,® Marie Lordkipanidzé,! Danai Bam,” Martina E. Daly,® Mike Makris 2 Andrew Mumford 2
Jonathan T. Wilde,* and Steve P. Watson'

Lumiaggregometry5 yearsstudies) Table 1. Classification of participants with mild platelet-based
A 111 unrelated cases with suspected PFDs  Pleeding defects
(IT, BSS, GT or HPS excluded) Type of platelet defect No. of participants % of participants

A 70 healthy volunteers. Membrane Gi signaling 21 32.8%
TxA, pathway 14 21.9%

Extended panel o f Qgonists GPVI 4 6.2%

ADP (3, 10, 30, and 100M Gq 1 1.6%

Adrenaline(10, 30, and 100M Dense granule 19 29.7%

Gollagen(0.3, 1, and 3 g/njL Complex 5 7.8%

CRP (1, 3, and 10 g/inL Total 64 (58%) 100%

PARL1 (10, 30, and 100M

PAR4 (100, 250, and 500Myeptides
Arachidonicacid (0.5, 1, and 1.5mM
U46619 (1 and 3mM

Rstocetin(1, 1.25, 1.5, and 2 mg/mL DawoodBB et al. Blood. 2012;120(25): 505049



Cuedor LTAINntrepretationin moderate IPFDs

Evaluation of participants with suspected heritable platelet function disorders
including recommendation and validation of a streamlined agonist panel

Ban B. Dawood, Gillian C. Lows,” Marie Lordkipanidzé,' Danai Bem," Marina E. Daly,® Mike Makris,? Andrew Mumford,?
Jonathan T. Wilde,* and Steve P. Watson'

o
Gtlike defect.(32.8% of IPFDs) . ;
Aggregatiorand secretiordefect tothe ADPand ;? 2
adrenaline. ]
2 c c
Key diagnostic LTA features: A :
A Transientaggregation to ADPLQUM), B AL p—
A Reducedr absent primarywave with no secondary . % o o
aggregationwave to adrenaline 2 \
A Reducedggregation and secretion fow &
concentrationf other platelet agonists, most . ’
notablycollagen :0 W .
A Robustresponse to 1mMarachidonic acid e st e e s s
distinguish from a defean the TxAZathway conl (e votdee.Noe P e Dphasc agyegaton o ADP shown 1 pane 2 woud verualy dcin.The pamsof sgregatn e erasnialeof o

participants diagnosed with a GHia defect

Potential test of diagnosisonfirmation: VAPS test (PGE1 + ADP/EPI) Dawood BB et al. Bloo®012



Cuedor LTAINntrepretationin moderate IPFDs

Evaluation of participants with suspected heritable platelet function disorders
including recommendation and validation of a streamlined agonist panel

Ban B. Dawood, Gillian C. Lows,” Marie Lordkipanidzé,' Danai Bem," Marina E. Daly,® Mike Makris,? Andrew Mumford,?

Jonathan T. Wilde,* and Steve P. Watson'

Dense granulesecretion defect.
(30% of IPFDs)

Key diagnostic LTA features:

AReducediggregation and secretion fow
concentrations of most agonistenost notably
low dose of collagefil-3ug/ml)

ARobustresponse toADP 10uMA consistent
minimal role of secretion in ADIRduced
aggregation

Diagnosis confirmation: granule/secretion assays
(ATPmepacrine CD63, wholenount EM)

A ADP PART  PARI B PAR1100uM
(1000 (100 (30,
24 §2.0- ;
: \c g
§ PO M
: \ S0l B¥ &
g @ 051 . ig ¢
“n B w
< 0.0l— - I '
o
collagen collagen CRP 0&0 é‘.é Qj’o (\;‘d‘
(3P'9’m|) (WO‘MI) (1pgfml) (§° <gb°
20 ., 9 &
: -
: /
<
M+
60s

Figure 3. Aggregation and ATP secretion In a participant diagnosed with a dense granule defect. (A) Aggregation In & partidipant dagnosed with & desact I dense
granue sacration on the basls of & significanty reduced level of sacration % hgh conoantratians of PAR-1-gpecific peptida and omer platelet agonists, Incudng
PAR-4-spacific paptda and CRP relsthve fo a panel of controls. °c” Indcates condrol (healthy voluntaer). The patiam of aggregation Is reprasentative of other participants
diagnosed with a secretion disorder. (B) ATP secretion was measured alongsioa aggregation in a Bom lumi-aggregometer in PRP using Chrono-Lume reagent for e detection
of ATP. The degrae of ATP sacration (after normalization to platedet count, supplameantal Figure 2) fo PAR-1-specific paptida (100uM) In haalthy volunteers and participants
diagnosed with dafective dense granule secretion is shown. Participants ientifiad with mutations In tha P2Y  (presant study), A, receptors,'” and HPS-8'% are idantifled by
SQUare brackats.

Dawood BB et aBlood. 2012



Cuedor LTA Interpretation in moderate IPFDs

Evaluation of participants with suspected heritable platelet function disorders
including recommendation and validation of a streamlined agonist panel

Ban B. Dawood, Gillian C. Lows,” Marie Lordkipanidzé,' Danai Bem," Marina E. Daly,® Mike Makris,? Andrew Mumford,?
Jonathan T. Wilde,* and Steve P. Watson'

0 aAfaChRIdanIc ad ddranaling
TxA pathway defect(21,9 % of IPFDs *}‘:*m..i. : ‘iii'ﬂf i i
Key diagnostic LTA features: 201 .
TxA2 synthesis defect '; p
A Markedand selective defect in aggregation and 5 F
Asecretion to arachidonic acid (1mM) “nl ¢ ‘

AReducedr absent primarywave with no seco ndary Figure 2. Aggregation In & partcipant dlagnosed with & TxA; pathway defect. Aggyegalion I  partiapant ) dagnased wih & Tk, palfwey defect The Trds patway
fdefect glso resuits In Te abaliin of [25PONEE 10 arachidonic ackd (1 T'nl'] and Impalrment in [BEpONEE iy ciher apaonists, Ing J:lrg ADP end adrengine, but not to 46619,

- ag g re g atl orwave tO ad re nal I ne. Indicating a cedect n erschidonic ackd metaballsm. *g” Indicaies cmllr:H (hesitiTy volunizer). The patism af 1ggrsgai|:'rn & repressantattve of ather panicipants diagnosed with 2
AReduced aggregation and secretion to low e

concentrations of most other agonist s, recovered at
high dose, except for ADP and adrenalins which
remains reduced/no second wave.

ANormal aggregation response to U46619

Potential genetic defects in CGX TXAS1, PLCA2

TxAZ2 receptor defect
AReduced aggregationith both AA and U46619

Dawood BB et al. Blood. 2012;120(25041-:5049



Cuedor LTA Interpretation in moderate IPFDs

Evaluation of participants with suspected heritable platelet function disorders
including recommendation and validation of a streamlined agonist panel

Ban B. Dawood, Gillian C. Lows,” Marie Lordkipanidzé,' Danai Bem," Marina E. Daly,® Mike Makris,? Andrew Mumford,?
Jonathan T. Wilde,* and Steve P. Watson'

ADP ADP ADP (101M) B
(100M) (wgﬂ) +{1M) AR-C67085
P2Y12 receptor defect 3 ; ( v L e
g < (100,8)
Key diagnostic LTA features: g : c
ATransientaggregation+absencef secretion) with N e ) ; §o D. — »
“highconcentration ofADP (1001) aive oo coagn .
AMinor defectin adrenaline aggregation ) . 5 . 7, .
AReduced aggregation to logoncentrations of other i k ‘t ; [ (100pm
platelet agonistsmost notablycollagen 5 ; p i f\ 5
ANo effect of P2Y12 receptor antagoni®tRC67085) o ‘ ‘ s ST =

Figure 4. Aggregation and secretion In a participant with a homozygous P2Y,; mutation that prevents receptor expression. Aggregation and secration In a participant
(p) with a homozygous mutation In P2Y ; that Introduces & frame-shift mutation aarty In the coding sequance (C.250e0G, p.Gly121s). Responsas are shown alongside a control
(c). Tha PRP platalat count In the confrol and panicipant were 4.1 x 10%mLand 3.9 x 108'mL, respectively.

Potentially useful functional assays
A VASP test, PGHEIducedcAMPsynthesisa lack of
ADP effect
AP2Y12 receptor levelfnmunobloting FC)

Dawood BB et al. Blood. 2012;120(25041-:5049



Cuedor LTA Interpretation in moderate IPFDs

Evaluation of participants with suspected heritable platelet function disorders
including recommendation and validation of a streamlined agonist panel

Ban B. Dawood,! Gillian C. Lowe,' Marie Lordkipanidzé,! Danai Bem,® Martina E. Daly,® Mike Makris,? Andrew Mumford,?
Jonathan T. Wilde,* and Steve P. Watson'

GPVI defectLTa features:
ASelective reduction in GPVI mediated aggregation
AReduced with low dose of collagen
ANormal LTA with other agonists (ADP, AA, PAR1)

AReduced LTA also wiRhodocityrmay

discriminate GPVI receptor expression defect
from GPVI signaling defect

GoHlike defect.LTA features:
AReduced with lowintermediate dose
of PAR1, PAR4, U46619
ANormal LTA with ADP, CRP or PMA

Dawood BB et al. Blood. 2012
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Figure 5. Aggregation and secretion in a participant with a GPVIHike defect. Agyragafion in a participant (p) diagnosad with a GPVHike defact on the basis of a reducad
response to CRP and to rhodocytin. A similar patiemn of aggregation was obsarnved in other participants diagnosed with a GPVI-ike defect. “c” indicates control.
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GEAPC

We, essentially, follow thgeneral recommendations for LTA

LTAassay at CRH (192025

established by ISTgdurrently under review)

Table 3. Panel of first-tier agonists recommended for the study of in vitro platelet aggregation in

patients with a suspected IPFD [52].

Normalrange(n=25

Concentration

Agonist PRP : PRP :
Fresh Blood :Blood 12-24 h * :
Arachidonic Ac. 1.5 mM 1.5 mM
ADP 2.5 uM 5 uM
If altered at low dose 10 M 10 uM
Epinephrine 5 uM .
If altered at low dose 10 uM
TRAF (PAR-1) 125 uM
If altered at low dose 25 uM 25uM
Ristocetin 125 mg/mL 1.25 mg/mL
If platelet type VWD is suspected 0.540.8 mg/mL 0.8 mg/ mL
Collagen 2 ug/mL 5 ug/mL
If altered at low dose 5 ug/ mL 10 pg/mL
CRP (If altered with collagen) 2 ug/mL 5 ug/mL
If altered at low dose 5 ug/mL 10 pg/mL
U46616 (If altered with arachidonic acid) 2 uM 5 uM
If altered at low dose 5 uM 10 uM

LTA controls

* ok ok * * sk *k *
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Agonist concentration

* Only assess if unable to obtain fresh whole-blood sample. PRP: platelet-rich plasma.

Depending on the results of LTA obtained, consideration should be given to testing

other doses and/ or other agonists (PAR-4, A23187, PMA, convulxin, PAFE, or others)

in the same study, orina subsequent study accon:ling to the diagnostic suspicion.

confirm the persistence of the abnormality.

Sanchez Fuentes et aBiomolecule2025

[f a patient’s LTA study is abnormal, it should be repeated after at least one month to

LTA controls
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Using& interpreting LTA: Case examples from the GE/ARgect

IPFD IPFLX IT
Gi GPVI RUNXL1
HPS RASGRP?2 SRC

P2Y12 PTGS1
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LTA findings In

Y HTS Geneanel
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ISTH-BAT=6

moderate IPFDs: P2Y12 defect

100+

AA 1.6mM ADP (2,5uM) ADP (5uM) ADP (10pM) Ristocetin 1.25 mg/ml

= P1 O P2 Il C1 B P3 B C2

- 10000
15000~ Fg binding
8000
)
_ 10000+ LL 6000
™S
2 \2_/ 4000
] AN
5000 © 2000
(@)
@)
0- ADP 2,5uM  ADP 10pM CRP 10pg/mL
ADP 2,5uM ADP 10pM CRP 10pg/mL -

c P1 P2 P3
p.Ser15llefs*33 p.Ser15llefs*33 p.Val279Met

===

ZamoraCanovas eél. Biomolecule2025

P2Y12

B-Actina




LTA (%)

LTA findings in moderate IPFDs: GPVI defect
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GEAPC

Pd LTA guided diagnosis and characterization of a GPVI de
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LTA findings In moderate/severe IPFDs: RASGRP2 de
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Collagen 2ug/mL

(Cattaneo et. al.,
Blood 2016) A

“"Adhesive protein

Platelet aggregation (26)

GEAPC pedigrees .
[ FAMILY 1, Chinese ] [ FAMILY 2, Spanish ]
c.1142C>T [p.S381F] ¢.337C>T [p.R113X] -
Grandfa;h::oier;r?\af grandfather 7ger:::li 1‘2‘%}3510 L 0
IWEI——W - ' ﬁ - : PAR1p 25uM Arachidonic acid 1,5mM " PMA 100nM
- = P1 = P2 ©
O = éu & ~PLFAMILYL  —C1 --PLEAMINY - PRFAMIY2 —(2 —PLFAMIYS  — PLFAMILY4
[ FAMILY 3, Portuguese ] [ FAMILY 4, Portuguese ] LTA features:
¢.887G>A [p.C296Y] ¢.706C>T [p.Q236X] ; . . .
: = - Impaired aggregation with low dosagonsits(ADP, collagen
_—— | ) mtso s s & thrombin):No diagnostiof Glanzmanimhrombastenia
: ‘s 5 - Less affected response to strong agonists BRivtA

3yr; BS:9 P1 3yr; BS:7

Other features:
Lozano et al. Blood 2016$evivast al. Platelets 2017 - Impaired Fibrinogen binding and granules secretion by FC , except with PMA



O (ISTHBAT=6)

A 13yearold girl of Asian origin

She has had a lifelong moderate
bleeding diathesis, presenting as
bruising andpetechiae which occur
more frequently following minor
trauma. Recurrentand prolonged
epistaxis, sometimes associated with
NSAID intake.

Menorrhagia once requiring tranexamic
acid and desmopressin treatment;
excessive bleeding after tonsillectomy.

Normalplateletcount (206 x10 pl/L)
andvolume(11,5fL)

LTA normal with

-10

-10

ristocetin and PARI;
reducedwith highdoseADPand collagen
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LTAabsentarachidonicacid,but normalwith U46619

PalmaBarqueros V et alAm JHematol 2021

A severe defect in TxA level was found in LTA
supernatantand collagenstimulatedwhole blood



Afew PTGSYariantshavebeenreported

Previousreports of PTGSYariantsin

A ceavee el e bleedingpatients
Signal | paaron e Sichrrpedin AFreson Blood 2011 (AbstractASH) A case
Gene Panel popti { | , Hydrophobic Channel - st with heterozygousvariantsin TBX&R (R60H)
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PTGS1 . reme, e . ALeinoeet al. BrJr2017 p.Argl13Cys(novel)
c. 428A>G, [p.Asn143Ser] +p.Val8llle (0.77%). LowTxR in plasma

(Heterozygous) (Novel)
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Mildly impaired platelet aggregation

PalmaBarqueros V et al Blood Advancers2022
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A dominant gain-of-function mutation in universal
tyrosine kinase SRC causes thrombocytopenia,
myelofibrosis, bleeding, and bone pathologies

Emest Turro,'2** Daniel Greene,"** Anouck Wijgaerts,® Chantal Thys,* Claire Lentaigne®”
- P - "

Sci Trans| Med. 2016

[P

Large family presenting with thrombocytopenia.
Affected patients showed juvenile myelofibrosis,
splenomegaly, and bone diseases including mild facial
dysmorphia and premature edentulism

De novo variant in tyrosine kinase SRC causes thrombocytopenia: case
report of a second family

Lises De Kok, Chantal Thys', Kate Downes™, Danied Duante™, Karyn Megy™, Chrs Van Geet', & Kathleen Freson'
Platelets. 2019

Two unrelated children with very different
clinical features. One with nonsyndromic
thrombocytopenia, the second
thrombocytopenia and facial dysmorphism,
severe osteoporosis, such autism and delayed
language bocytopenia.23




2025 ISTH Meeting O42.1- Automated Platelet Function Tests Analysis:
Insights from theAutoplate Study Group

_ Dr. PanagiotisChristoforoy NHS, UCambriged UK
Study Rationale

Limitations of Traditional Platelet Function Testing

« Traditional platelet function testing faces challenges such as
subjective interpretation and time-consuming procedures.

+ These limitations hinder the efficiency and accuracy of
diagnostic processes.

Objective of the Study

+ The study aims to automate platelet function analysis using
Machine Learning (ML) techniques.

+ This approach seeks to enhance diagnostic accuracy and
streamline the testing process.

Methodology Overview

Sample Collection and Analysis | ]

o Atotal of 1,021 samples were collected from 771 individuals with confirmed
diagnoses between June 2021 and 2024

o These samples were analyzed using Hyphen Biomed reagents on Sysmex CN-
series analyzers.

LTA Curve Generation ol

o LTA curves were generated using various agonists to study platelet function.
o The agonists included AA 500pg/mL, ADP 10uM, ADP 5uM, Col 1.25ug/mL, Col
2.50ug/mL, Epi 10pM, Epi 5uM, Ris 0.5 mg/mL, Ris 125 mg/mL, and U46619 1nM.

Methodology Overview ()

¢ The study utilized advanced analytical techniques to ensure accurate results.
o The methodology was designed to provide comprehensive insights into the samples' characteristics.



