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1. Features of the GPIb-IX-V receptor

2. Biallelic Bernard-Soulier syndrome (bBSS)

3. Monoallelic Bernard-Soulier syndrome (mBSS)
4. Diagnostic approach

5. Other disease associated: Platelet-type von

Willebrand disease
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GPIb-IX complex

Weak association Subunits GPIba, GPle, and
—— GPIX (in a ratio of 1:2:1)

GP Iba. GP Iba * associate in the
g L1 endoplasmic reticulum
* mature in the Golgi

* Expressed only on
megakaryocytes and platelets
e Second most abundant

. apparatus
adhe5|on.rec?ptor on pla.telets * translocate to the plasma
* |nvolved in diverse functions membrane

Primary haemostasis Covalent link &)

o 2 .
Thrombopoiesis — gt Expression and correct
Platelet clearance

GP Ibp assembly of all three subunits

are necessary for the
expression of the complex on
cell surface

Others GP IX

N0

On the platelet surface, GPlb-IX
weakly interacts with GPV in a
ratio of 2:1
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Features and structure of GPIlb-I1X-V subunits zﬂ

P Y
»23\ European
.

GPIba GPIbp GPIX GPV

Subunit/Gene GP1BA (17p12) [GP1BB (22q11.2 GP9 (3921) GP9 (3921)
Leucine-rich repeated (LRR) protein

Amino acids 652 (3 VNTR) 206 177 560
(kDa) (135 kDa) (25 kDa) (17 kDa) (83 kDa)
Signal peptide 16 26 16 16
Extracellular 515 (17-531) 121 (27-147) 131 (17-147) 507 (17-523)
glycosylated domain 8 LRR 1LRR 1LRR 15 LRR

Transmembrane
domain

21 (532-552)

25 (148-172)

21 (148-168)

21 (524-544)

Cytoplasmic tail

100 (553-652)

34 (173-206)

9 (169-177)

16 (545-560)

Interactions among
subunits

Transmembrane non-covalent interactions

Disulphide bonds between GPIba and

each subunit of GPIb

Weakly associated

with GPlba by
interactions in the
transmembrane
domain
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thrombin
binding

- Ligand-binding domain
(8 leucine-rich repeats)

]— Negatively charged domain

GPlba

—

—
VWEF binding

- Macroglycopeptide region
(stalk region)

GPIbBL  Mechanosensitive domain

]» Filamin A, protein 14-3-3( binding

weak interaction
- > g

Wb

Trigger Sequence

Bendas & Schlesinger. Exp Hematol Oncol 11:19, 2022

Ristocetin: an antibiotic that triggers binding of VWF to GPlba
inducing platelet agglutination (RIPA test), used for diagnosis
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Genes encoding the GPIb-IX-V subunits

VNTR
1x, 2x, 3x, 4x

ATG
GP1BA (GPIBo:) ——{— I - | 7o
ATG
GP1BB (GPIBB) — M 22q11.2

ATG

GP9 (GPIX) ] (-] 52

ATG

GP5 (GPV) gl I

LA -
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o o som prevalence CRP P Adapted from Lopez et al. Blood 91:4397, 1998

Mutations
identified

:l- PT-VWD
bBSS
mBSS

bBSS

None
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Bernard-Soulier syndrome
Rare disease: 1 per 1 million live births

International Bernard-Soulier Consortium (2014)
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Features of patients with biallelic BSS (bBSS)

(161 patients from 121 unrelated families)

* Age at diagnosis: mean 16 years (range birth - 75 ys)
* Moderate/severe thrombocytopenia

50

Cell counters: mean 51x10°/L; range 5 - 175x10°/L 45
* Platelet macrocytosis o
- MPV: mean 14.8 fL; range from 9.3 - 27 fL Zg
- Diameter: mean 4.8 um; range 2.9to 7.5 20
(normal values: 2.4 um, range 1.9 to 3.4) . I
* Absent (80% of pts) expression of GPlb-IX a8 |
e Severe platelet function: absent or markedly reduced RIPA o 1 2 s a4 \S’\C/:rz
* Variable (moderate to severe) bleeding tendency since the first B —
years of life (independent of platelet count) 50% with
* Misdiagnosis ITP (50%) severe bleeding
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Wide spectrum of point mutations of GP1BA, GP1BB, and GP9 genes w

M1? ® —
LB_L10del E
s
Point mutations (N=112) Pi8fs cazss X5
. . s @
Coding regions // "o cav o
. . c3z é@ / Vaifs @
Missense e 4 gon | .
* Nonsense o onc d
* Frameshift . e v:::::;:zos
g @
= N . o3
Promo.t?r (N_l) \ :.'”Z?m saz0is @ -
No splicing § S i . o nmy
® Y1318 LATofs @ e -~
® A133P S486*Hs N185_E197de
\\ 26 =3 are o [ < Lo
A156fsIL157fs @ S it nhee @ vsun
Homozygous (85%) Rare . = g, A e
QSE7" @
Compound heterozygous (13%) . :
d |Se a S e GPIX Slgna!rpoptldq
cad V7] LRRN
Some founder EffeCt A LRRNT + LRR1
GPIbB B e
® Missense LRRCT
In-frame deletion ] VNTR
@ Nonsense Il Transmembrane
@  Frameshift GPlb(l s Cytoplasmic
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bBSS: hemizygosity of GP1BB w

GP1BB point mutation (allele 1) and microdeletion on 22g11.2 (allele 2)
Combined clinical features of BSS and of 22q11.2 deletion syndrome

. 19,000,000 19,500,000 20,000,000 20,500,000 21,000,000 21,500,000 LC R .
22g11.2 deletion syndrome Oy L | o m o |
Mir-4761% |} Low
M4 H M DGCR6 DQQ’:H'X M:L%Q J’,Bé:l 51%0% égw ’ZZVQAI':EL MED15 SNAP%L Ak
(Veloca rd|0faC|a| Syndrome = DIGeorge Syndrome) PRODH TSSK2 C220rf39 C220rf29 TRMT2A ZNF74 PI4KA AIFM3 COpy
GSsc2 UFD1L TXNRD2 Mir-1286* SCARF2 SERPIND1 LZTR1 R t
SchCSLA;CL1 gfgéjP:TS GP1BB AT:Z-({?: TSPL2CR7);64 epea
ceias cone
i-ble clinical bh = —
Variable clinical phenotype f oo
Mir-1306*
W

Mir-6816*

(penetrance not complete)
Deletion sizes

Congenital heart defects s I -
Palatal anomalies oo I >
Developmental delay 4% | |80

. . 1% [ Joo
Facial dysmorphisms
Morrow et al. Am J Med Genet A 176: 2070, 2018

Macrothrombocytopenia and bleeding tendency could be the only clinical features

\{

microdeletions on 22q11.2 should be evaluated
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Monoallelic form of BSS (mBSS)

 BSS is classically described as a recessive disorder

* Heterozygous subjects are expected to be asymptomatic with
normal platelet count and function

» Heterozygous individuals with either
- reduced platelet count
- increased MPV
- defect of GPIb-IX complex
- reduced RIPA
- any combination of these

* In some patients these abnormalities are severe enough to
elicit a bleeding diathesis
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Autosomal dominant macrothrombocytopenia in Italy is most frequently a type

of heterozygous Bernard-Soulier syndrome Blood 97: 1330, 2001

Anna Savoia, Carlo L. Balduini, Maria Savino, Patrizia Noris, Maria Del Vecchio, Silverio Perrotta,
Simona Belletti, Vincenzo Poggi, and Achille lolascon

TP-1 FAMILY

I

II E]
H Identification of heterozygous
Alal72Val (also known as Bolzano) of GP1BA
The most common variant in mBSS

III

TP-2 FAMILY

I

II

IIT
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Monoallelic BSS: Alal72Val of GP1BA
(103 patients from 42 unrelated families) 0

50

40

e Age at diagnosis: mean 33 years (range 1 - 93 ys) 30

No patients

20

e Mild bleeding tendency I
10
e Mild thrombocytopenia . I | —
0 1 2 3 4 WHO

Cell counter: mean 89 x 10°/L; range 21 — 147 x 10°/L e
Optical plt count: mean 103 x 10°/L; range 21 — 162 x 10°/L

e Platelet macrocytosis
. c.482C>T ¢c.515C>T VNTR
Diameter: mean 3.5 wm; range 2.3to 5.1 ATG Ala161Val Ala172Val 1x, 2x, 3x, 4x

(normal values: 2.4 um, range 1.9 to 3.4) D I I

e Founder effect (common haplotype T-T-3)
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Expression of GPlb-IX-V subunits
in Ala172Val patients (N. 39)
Significant reduction (40%)

160
140
120

100

GPlIlb-lla  GPllla GPIb-alfa GPIb-alfa GPIb-IX GPV  GPla-lla
(P2)  (Sz21) (SZ2) (MB45) (SZ1) (SWi6)  (Gi9)

8

o

MFI
o

6

4

o

2

o

-
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In vitro platelet aggregation

* ADP, collagen
Normal in all patients

* RIPA (3.0 mg/mL )
Normal in all patients

* RIPA (1.5 mg/mL)
Normal in 18 patients
Decreased in 5 patients




Variants of GP1BB in mBSS

Eight variants in 18 families

Sivapalaratnam et al. Blood 129:520, 2017 c.179C>T (Tyr113Cys )

frequent cause in Japan

c.DNA Protein N. of families
c.3G>C p-Met1? 1
c47T>C p.Leu16Pro 2 D1 __02 D_1 _‘2
c.127G>T p.Gly43Trp 2
c.137G>A p.Trp46* 2
3 4 3 4
c.203C>T p.Thr68Met 1

p.Pro79_Leu81d

€.236_244del ol 1
c.338A>G p.Tyr113Cys 6
c.395T>A p.Leu132GIn
448delG p.Ala150Argfs*4 2
i 3 e O O
Same phenotype as in Bolzano patients -
3 -+ 5 6 3" 4 3 4 5
R T I
Platelet count: mean 107.9x10%L (range, 47—172x10°%/L)
MPV: mean 12.74 fL (range, 10.7-14.3 L) & &
o:-:-__?‘\ European ‘
.:.:.;.;‘:.\ sz::‘;glrrlce .. °
cee gmr;@od:g;:gfmleme CRPP Sivapalaratnam et al, Blood 129:520, 2017 Webinars
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GP1BB in mBSS: c.179C>T (Leu60Pro ) frequent cause after Ala172Val in Italy r;&

Mild thrombocytopenia 1F1 2 | Q]FZDZ
« Mean platelet count 92x109%/L, range 42—142 ! B . |

. \ +/c.179C>T ; ; | : . "
Platelet macrocytosis D (e O i H i )
* Mean platelet diameter of 3.5 ym; range 3.1-4.6, — ww; JeATOT  +/e 79T .

Reduction (about 50%) of GPIb-IX complex i 1 N 3 iz o M N =g
No or very mild bleeding tendency o+ 4:.17\9‘07
v m OO )

+/¢.1790T

Mutation reported in other Italian patients
IZII. B0 ©
5%._‘ I

Ferrari et al. Br J Haematol 184:855, 2019 Barozzi et al. Annals of Hematology 102:677, 2023
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Known variants in mBSS

@ Missense
@ In-frame del/dup
@ Nonsense : ;:;IEJ)IH
Frameshift @ L59R
@ Y70D
®| Li6p | ® L73F
@ L83F
@ R42C
Some of these variants 7%
. o . @ L60P
also identified in bBSS ® r127Q
@ T68M
o oo . - @ N150S
N ..\\\‘.;15 153
\ ® L155P |:| Signal peptide
k\ @ A172V
N . LRt
® L1320 PR LRR
@ L137P LRRCT
. 532 201 VNTR
148 Ti b
® s [ ] ransmem. rane
@ L157P s Cytoplasmic

L168dup L )

553

173

R177fs*124
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bBSS/mBSS associated with the same mutation of GP1BB rxﬂ

‘5 . *Mild thromb
*Mild plt macrocytosis J‘V vq 3 GU
-1 -2 R
- 1 -2 -3 11-4 II-5
J
bBSS
-1
Automated Microscopic . .
. Gender/ 3 Mean Platelet Giant ISTH BAT Bleedin
Subject Age (Years) Pla;elleot‘)/CLo:J nt, Pla:(e!le()tg/CLo;l nt, MPV, Fi Diameter, um * Platelets ° Score © Sympton%s
I-1 M/59 107 129 14.1 3.07 No 0 None
I-2 F/55 175 197 14.5 2.95 No 0 None
II-1 F/34 31 56 204 4.05 Yes 1 Mild menorrhagi
-/- 112 M/33 22 45 18.9 4.45 Yes 0 None
1I-3 M/31 17 55 20.2 4.61 Yes 0 None
1I-4 F/30 103 110 14.5 3.01 No 0 None
oy “ European ‘ . . . .
.. : N Reference Q Macrothrombocytopenia as expected in bBSS but without bleeding .
0."0 Network !!leh"lals
for r | ow prevalen: .
°°mp' Giscases C R P P Barozzi et al. Int J Mol Sci 22:10190, 2021

: Network
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¢.528 550del (p.Argl177Serfs*172)

Wild-type GPIbp
Trans-

Signal membrane Cytoplasmic

peptide Extracellular Domain Domain Domain
S I —

26 148 173 206 .
CRLRRLRARARARAAARLSLTDPLVAERAGTDES*

Arg177Serfs*124 GPIbB

177

\ 4

26 148 173 299

C-terminus longer than wt
CRLRSRRSPAVADRPAGGRASRNRRVLRREPVRPEERTGAGQHGPANSTGPCPR

GPRANLDRSPPPPLPNLSDPPHLQAQTTWDRTPAHPTPREANPHFQAWEDHG
AQCGPDPAASPFQTLVLNKPF*
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Barozzi et al. Int J Mol Sci 22:10190, 2021

/- 4/

"2 HeT HC2 1 12 3 2 11
— 32kDa

GPIbB
= 22kDa

150-

Likely degradation of mutant protein
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Expression of GPIb-IX subunits: 30% of control, consistent with WB data

Subject GPIb« (SZ2), GPIbx (MB45), GPIb-IX (SZ1), GPIIb (P2) GPIIIa (VIPL2),
% of Controls % of Controls % of Controls % of Controls % of Controls

-1 367 £ 2.1 311422 315429 231.8 +£3.1 2052 +4.3

-/- { 12 ~30% 372+1.1 293+ 1.4 289 +1.3 2522 + 144 215.3 £ 10.2
-3 29.7 £3.2 314415 2854+ 1.8 2673 £ 87 199.5 + 12
-1 62.8+£29 87.3 4+ 3.9 602 4+43 155.6 + 10.4 161.7 £ 14.2

+/- { 2 ®70% 67+25 69.7 + 5.4 67.7 £ 5.6 139.0 + 8.5 1453 + 7.3
-4 70.1 + 6.9 65.3 +4.3 673 +3.7 1455 £+ 3.8 1553 + 6.9

Note: Expression of the glycoproteins was calculated as the percentages of the mean fluorescence intensity with respect to healthy
individuals processed in parallel (controls) and represent the means + SD of two separate experiments.

Reduced in vitro platelet aggregation

Subject RIPA, % of controls
= = T:"“L >0 ':f/'“L Hypomorphic mutation?
_/_ - -2 15 75 b EXpreSSion Of GPIb'IX
- -3 21 83 * Platelet aggregation
r H 7 nd * Bleeding tendency
+/- 1 -2 85 nd
i I1-4 85 nd

CRPP Webinars
Barozzi et al. Int J Mol Sci 22:10190, 2021 o
MHEMO EuroBleedNet "




Bernard-Soulier syndrome

bBSS mBSS
. Autosomal Autosomal
Genetics . .
recessive dominant
Bleeding Moderate/severe Absent/mild
Thromb_o cyto Variable degree Mild
penia
Platelet size | Very large (giant) Large
Platelet
function Defective Normal
(RIPA)
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Pavia series
335 consecutive Italian families
with molecular diagnosis

Pecci and Balduini. Blood Reviews 48:100784, 2021

FINA-RT . CYCS-RT_  WAS _ITGA2B/ITGB3-RT

CAMT 1% 1.2% 1,7% 1.2%
FPD/AML — 2.3% THPO-RT
4.0% - GPS 1.2%
[ 1%
___—SRC-RT
GATAI-RT — _— TAR 0.6%
3.0% j /__j 0.6%
F — PTPRJ-RT
erveRT — A0 0.6%
4.2% SLFN14-RT
0.6%

—Webinars__
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Diagnostic approach

v" Thrombocytopenia known since childhood
v' Family history (mBSS is AD with almost complete penetrance)

v Peripheral blood smear examination, as electronic counters do not
estimate correctly platelet count and volume

v RIPA: differential diagnosis of bBSS with other thrombocytopenias
characterized by giant platelets (MYH9-related disease)

v" Flow cytometry of the GPIb-IX subunits

v' Mutational screening: important for mBSS as no specific assay
recognizes this form
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Platelet-type von Willebrand disease (PT-VWD)

-
X

for

'\ European
el Reference
0o0® Network

rare or low prevalence
di

Rare autosomal dominant disease

Mild thrombocytopenia

Mild/moderate bleeding tendency

Increased ristocetin-induced platelet
agglutination (RIPA)

Mutations (GoF) of GPlba enhancing affinity
for VWF

Similarities with type 2B VWD (cases with PT-
VWD misdiagnosed as type 2B VWD)
Differential diagnosis using RIPA-mixing tests
(patient’s platelets mixed with control plasma
and vice versa) and/or sequencing of the VWF
and GP1BA genes

Montario et al. Br J Haematol 203:673, 2023
Bury et al. Blood Adv 6:2236, 2022

GPlbo N-terminus

Gain-of-function mutations O 2
of platelet-type vWD ¢ -
§‘:} Anionic sulfated region

Leucine-rich repeats

(= o
= DEGDTDLYDYYPEEDTEGD
269 287

Lopez et al. Blood 91:4397, 1998

Argl27GIn
Leul94Phe _
Trp246Leu

Gly249Val
Gly249Ser

Asp251Tyr
Met255Val -

Pro462_Ser470del [

LRR5 and LRR7

C-terminal
disulphide loop

macroglycopeptide
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Take home messages

. bBSS and mBSS are rare forms of inherited
thrombocytopenia

. Characterized by variable expressivity

. Difficulties in diagnosis leading to possible
underestimation and/or misdiagnosis

. In presence of giant platelets, RIPA recognizes
bBSS

. Molecular genetic testing, at least for mBSS
(inconclusive diagnosis for presence of VUS)

Open questions

. Why thrombocytopenia? GPIb-IX complex is

closely linked to the cytoskeleton, which is
involved in proplatelet formation and sustains
platelet shape

. Effect of mutations in mBSS?

Haploinsufficiency or dominant negative effect
of specific mutations, leading to abnormal GP
subunits impairing formation and/or function of
the GPIb-IX complex

. Clinical heterogeneity explanation?

Hypomorphic mutations and/or association of
pathogenic variants with adverse/favorable
polygenic scores (PGS)
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