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Learning objectives

« Conceptos basicos en genética y de las técnicas empleadas para el

diagndstico molecular (secuenciacion masiva)

« Importancia de la genética aplicada a los trastorno plaquetarios

congénitos (TPC), Rare bleeding disorders y en Hemofilia
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Cambio de terminologia
#E”.u.'{ THE BTRONG e nun-;-;:i

+1 ACMG = VARIANTE

5 - Patogénica (PV)

4 - Probablemente patogénica
(LPV)

3 - Significado incierto (VUS)

1 - Benigna

Richards S., et al. Genet Med. 2015
Amendola LM., et al. Am J Hum Genet 2016



Diagnostico molecular clasico

Secuenciaciéon convencional = SANGER —> Gen candidato

Enzyme, dNTPs, ——
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« Tamafno gen

120 130  Multiples exones
GAT AAAT CT GG TCT T ATT TCC

 Trastornos con clinica parecida

« Multiples genes candidatos
Otros: microArrays / GWAS / Linkage Analysis

Venter JC et al. Science. 2001
International Hap Map Consortium. Nature. 2005
Sikkema-Raddatz B et al. Hum Mutat. 2013






Secuenciacion genoma - Coste

Human Genome Proj. 2003
1st individual genome 2006
15t NGS Genome 2007
1st 30x genome 2008

15t sub-10K genome 2010
$1.,000

—_—
L e

|

151 51,000 genome 2014

Launched the NovaSeq™ System 2017
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LuJT etal. N EnglJ Med. 2014
Van Dijk EL et al. Trends Genet. 2014
Levy SE et al. Annu Rev Genomics Hum Genet 2016
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Having 100% of your DNA sequenced gives you an
unparalleled access to your health, your family traits
and predispositions.
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NGS: revolucion diagnostico molecular

~
Exoma completo (WES) Simultanea

-
Genoma completo (WGS)
Regiones especificas:
Panel genes
L

[ Nes ] =

Paralelo

Unico experimento
ChlP-seq: proteina-ADN

microARNs / Sec ARN

Datos

J

l

Paneles Genes

- Disenos personalizados y flexibilidad

- Escasa muestra (1 0 2tubos de EDTA)
- Sensibilidad variantes genéticas

- Andlisis rapido y automatizado (7 dias)

- Coste asequible

de Koning TJ et al. Exper Rev Mol Diagn. 2015
Biesecker LG et al. N Engl J Med. 2014



Plataformas NGS disponibles

Mecanismo de accidén

Gen implicado

Mecanismo de accidn

Gen implicado

Factores
transcripcionales

CYCS, FLI1, GATAL, GFI1B, HOXA11, MECOM, MKL1,
MPL, RBMBA, RUNX1, STIM1, ETVE, FYB, GATAZ, THPO

Via intrinseca

KLKB1, F12, F13A1, F13B, F11, F8, F9

Receptores de agonistas

P2RY12, TBXA2R, ADRA2A, GP6, CD36, ITGA2, GP1BA,
GP1BB, GP3, GPS, ITGAZB, ITGB3, F2RL3

Via extrinseca

F&, F3, Fa, F/

Secrecion de granulos

NBEALZ, PLAU, HP51, HP53, HP54, HPS5, HPS6, LYST,
MLPH, BLOC153, BLOC156, DTNBP1, AP3B1, AP3D1,

VIPAS39, VP533B, RAB27A, MYOS5A, PRF1, UNC13D,
5TX11, STXBPZ, SLFN14

Carboxilacién Vitamina K
dependiente

GGCX, VKORCI, F10

Sintesis combinada de factores

MCFD2, LMAN1

Sintesis de fibrindgeno

FGA, FGB, FGG

Proteinas del ACTNI, WAS, MYHS, MYH10, FLNA, ANKRD26,
citoesqueleto y ANKRD18A, DIAPH1, MASTL, TUBB1, PRKACG, ABCGS,
estructurales ABCGS
Sintesis enzimdtica y FERMT3, GNAIZ, GNAQ, GNAS, PLA2G7, TBXAS1, PTGS1,
sefalizacidn ORAIL1, PLCB2, PLCB3, RGS2, RASGRPZ, TRPM7
e ADAMTS13, ANOG, ARPCIB, EPHB2, VWF, MAFP3KS, GNE,

MPIGEB, PF4, PIGO, SRC, TBX1, THBD, TPM4

Total = 110 genes

> 300 pacientes
Trastorno plaquetario congénito
Rare bleeding disorders

HemofiliaAy B

Bastida JM et al. Haematologica. 2018
Bastida JM et al. Semin Thromb Hemost. 2019
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é ﬁ L —
Genomic Cut Add S —
DNA DNA Linkers
®e
/ ° .
’ ol
D
©
L -
\. . —
Input - p 4 Fluorescencia
library Flow | Bioinformatica
- Probes
cell In Situ Traduccion secuencia
PCR Capture nucleotidos

de Koning TJ et al. Exper Rev Mol Diagn. 2015
Biesecker LG et al. N Engl J Med. 2014



Datos / Analisis bioinformatico

HTS 72-gene panel (n=82)
Total variants: 21,340
Single nucleotide variants (SNVs): 19,156
Insertions/deletions: 2,184
Quality control {Phred>20, Quality>20, Read>30):
Total variants: 9,230

Single nucleotide variants (SNVs): 8,898
Insertions/deletions: 332

Study Group, n=82

Unkown molecular pathology

Cambio de nucleétido correctamente
secuenciado

\ 4
Consequence (damaging) variants
Missense, nonsense, frameshift, splice site <4pb
3,364 variants identified

l

Variants with MAF < 0.05 (EVS, ExAc, 1000G)
272 variants identified

l

Candidate variants according to phenotype and
in silico prediction
Supplemental Figure 2

I

Variants classification
Tables 4 and 5

Variante que provoque una consecuencia
sobre la proteina

Distribucion poblaciéon (MAF)

Exome Variant Server (EVS)
1000 Genomes Browser
Exome aggregation consortium (ExAC)

Modelo in silico: efecto funcional y
patogenicidad

PolyPhen-2 / SIFT / Mutation Taster / fathmm
MutationAssesor
Guias ACGS + ACMG + AMP + CAP

1ttt 1l




Tipos de Trastornos Plag Cong
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S translocation variant 6 6 Wiskott-Aldrich > WAS

, Cadena Pesada Miosina > MYH9
Granulos alfa: Diaphanous Related Formin 1 - DIAPH1
” VPS33B > ARC Tubulinal > TUBB1
AGREGACION EA S S HemnaA > FLA

Microtubulo asociado serin-threonina > MASTL

SLFN14 > TP - AD Dominio 26 Ankirina > ANKRD26
a-actinina-> ACTN1

Proteina kinasa > PRKACG

h ITGA2B, ITGB3 = T. Glanzmann Sitosterolemia > ABCG5/8

R- TPO > MPL / THPO
Enzimas: Tromb. Amegacariocitica Cong.
TBXAS1 ;
PTGS1 = COX O P2RY12 - Defecto Recetor

FERMT3 = LADIII
RASGRP2 > TG-Like
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TMEM16F O
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O O L2 > Defecto Prot G Trombospondina

GP1BA /GP1BB/GP9

TBXA2R - Def Receptor Sd. Bernard Soulier

TXA, GP6-> Defecto Induccién Colageno ITGAZ  Defecto
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Algoritmo diagnodstico de latrombocitopenia
hereditaria

Historia clinica y examen fisico
No Inmunodeficiencia, sordera, alteraciones renales, neoplasias hematoldégicas, Sij
anomalias esqueléticas, paladar hendido, anomalias cardiacas, retraso mental,
heterotropia ventricular nodular, astenia, miopatia, miosis, migrana, xantelasmas

Tamano Plaquetar Tamano Plaquetar

N >

T-MYH9, SBSm, EVW-TP,
T-ITGA2B/ITGB3, T- TAR, TASR, MYH9. T-
TLX, TCAM, EPLMA, T- | | ~SPG, T-GFI1, T- W/W DIAPH1, T-
TT4, ANKRDW FLNA, SIST_T-TUBB1, T- | — ANKRD26, E- FLNA, SVF,
TLA ACTN1 \ ETV6, SKS PT-SJ, SBS

Frotis <_Plaquetas agranulares grises \j}f?:'Cuerpos de Dohle, anomalia May-Hegglin > { Estomatocitos

Inmunohistoquimica MYH9, MYH10, FLNA, TUBB

\

Estudio genético

Agregometria SBS

Modificado de Lozano ML & Rivera J: Diadhema 2017

Citrometria de flujo SBS, ITGA2A/ITGB3, WAS




FYB (THC3 or FYB-RT)
PRKACG (BDPLT19 or PRKACG-RT)

STIM1 / ORAI1 (Stormorken synd) 2018

RASGRP2 (BDPLT18 or RASGRP2-RD)

- 2017

FLI1 (BDPLT21 or FLIL-RT) GNE (GNE myopathy™)
GFI1B (BDPLT17 or GFI1B-RT)
ACTN1 (BDPLT15 or ACTN1-RT) 2016
h A | 2015
RBMB8A (Thrombocytopenia-absent radius synd) | ﬁ w14
ANKRD26 (ANKRD26-RT or THC2) . 2013
BLOC156 or PLDN(HPS type 9) /"\
FLNA (FLNA-RT) 2012
NBEAL2 (BDPLT4 or Gray platelet synd)

[ 201

ANOG (BDPLT7 or Scott synd )
RGS2 (Regulator of G protein signaling 2 def)
TBXAZR (BDPLT13 or Thromboxane A2 receptor def)
VIPAS39 (Arthrogryposis, renal dysfunction, and cholestasis type 2)
PLAU (BDPLTS or Quebec platelet disorder) / NBEA (autism***)

VKORC1 (Deficiency of Vitamin K-dependent clotting factors type 2)
VPS33B (Arthrogryposis, renal dysfunction, and cholestasis type 1)

TBX1 (DiGeorge synd)
MASTL (MASTL-RT)
UNC13D (FHL type 3)
MCFD2 (Factor V and factor VIl combined
deficiency type 2)
HPS5 (HPS type 5); HPS6 (HPS type 6); HPS4 (HPS type 4)
DTNBP1 (HPS type 7) 2001
MLPH (Griscelli synd type 3) 2000
GNA13 and GNAS (G-a-q / Gs-a Protein Def) ADAMTS13 (TTP)
P2RY12 (BDPLTS)
HPS3 (HPS type 3)

1999 ( B
1998

1997

GATA1 (GATA1-RD)
MYH9 (BDPLT6 or MYH9-RD)
ABCG5 and ABCGS (Sitosterolemia) /

RAB27A (Griscelli synd type 2) 1994
(e

HOXA11 (RUSAT)
/1; e

FGA, FGB, FGG (Congenital afibrinogenemia)
/1;
1990 1989 f
1988

1987

F13B (Factor XIIIB def)
CD36 (BDPLT10 or Platelet GPIV def)
11q23 (Paris-Trousseau / Jacobsen synd)
TBXAS1 (BDPLT14 or Thromboxane A2 synthase def)

GP1BA (BDPLT3 or Platelet type VWD)
ITGA2B, ITGB3 (BDPLT2 or GT)

GP1BA, GP1BB, GP9 (BDPLT1 or Bernard Soulier synd) \

F8 (Hemophilia A)
F9 (Hemophilia B)
ITGAZ (BDPLT9 or GPla def)

1985

TPM4 (TPM4-RT)
ARPC1B (PLTEID)

RC (THC! RC-RT!
THPO (CAMT) SRC THCE or S )

DIAPH1 (DIAPH1-RT)
AP3D1 (HPS type 10)
TRPM7 (TRPM7-RT)
MPIG6B (THAMY)
MILK1 and ANKRD18A

KDSR (Ichthyosis**)

ETV6 (ETV6-RT or THCS5)

SLNF14 (BDPLT20 or SLFN14-RT)

MECOM (RUSAT)

WAS (TCH1 or X-linked
thrombocytopenia)

GP6 (BDPLT11 or GPVI def)
STXBP2 (FHL type 5)
FERMT3 (Leukocyte adhesion def type IlI)

CYCS (THC4 or CYCS-RT)
PLA2G4A (Phospholipase A2 Def)
ITGB3 (BDPLT16 or GT dominant thrombocytopenia)

BLOC1S3 (HPS type 8) |

TUBB1 (TUBB1-RT)
STX11 (FHL type 4)

RUNX1 (FPD/AML)
AP3B1 (HPS type 2)
MPL (CAMT)
PRF1 (FHL type 2)

F5 (Factor V def or parahemophilia)

GGCX (Deficiency of Vitamin K-dependent clotting factors type 1)
LMANI (Factor V and factor VIIl combined deficiency type 1)
ITGA2B (BDPLT16 or GT dominant thrombocytopenia)
PAR4 (PAR4 def)

LYST (Chediak-Higashi synd)
MYOS5A (Griscelli synd type 1)
GNAQ (G-a-13 protein def)

F7 (Factor VII def)
HPS1 (HPS type 1)
PLCB2 (Phospholipase C beta-2 def)
PTGS1 (BDPLT12 or Platelet cyclooxygenase 1 def)

F2 (Prothrombin def)
WAS (Wiskott-Aldrich synd)

F10 (Factor X def)
F11 (Factor XI def)
VWF (von Willebrand disease)

F13A1 (Factor XIlIA def)

ADRAZ2A (Alpha-2A-adrenergic receptor def)

Abbreviations. RT: related thrombocytopenia; CAMT: congenial amegakaryocytic thrombacytopenia;
PLTEID: platelet abnormalities with eosinophilia and i diated y disease; HPS:
Hermansky-Pudlak syndrome; THAMY: thrombocytopenia, anemia and myelofibrosis; BDPLT: bleeding
disorder platelet type (OMIM nomenclature); synd: syndrome; RD: related disease; THC: thrombocytopenia
type (OMIM ); RUSAT: radic is with 4 yocytic thr ia; GNE
myopathy i with i lia; **hyper is/i i i to
thrombocytopenia; ***Autism and dense granules abnormality; def: deficiency; GP: Glycoprotein; FHL:
familial k b i istiocytosis; GT: TH ia; FPD/AML: Familial platelet
disorder with propensity to acute myelogenous leukemia; VWD: von Willebrand disease; TTP: Familial
thrombotic thrombocytopenic purpura.

on la
llegada de
NGS...

Genes
descritos en
coagulopatias
congeénitas
hemorragicas

Bastida JM . Semin Thromb Hemost 2019. In press



Estudio nacional / Experiencia personal

Patients with IPDs assessed with HTS platform, N=92

Validation Group, n=10

Study Group, n=82

Previously identified molecular Ve B e e

pathology by Sanger sequencing

IPD defined by clinical and

laboratory phenotype IPD of uncertain etiology

Candidate disease-causing

variants found with HTS 48 (58.5%)

.

Yes No
10 (100%) 0 (0%)

34 (41.5%)

Candidate disease-causing
variants found with HTS

Yes No
30 (88.2%) 4(11.8%)

Candidate disease-causing
variants found with HTS

Yes No
26 (54.2%) 22 (45.8%)__

Bastida JM et al. Haematologica. 2018
Bastida JM et al. Semin Thromb Hemost. 2019



Genética aplicada a TPC

1- Correlacion genotipo — fenotipo: pronostico / guias de manejo

2- Diagnostico: confirmatorio / diagnostico diferencial

3- Riesgos asociados / consejo genético

4- Nuevos patrones de herencia

5- Conocimiento cientifico = nuevos genes / nuevos trastornos




1. Correlacion genotipo - fenotipo

e Enfermedad relacionada con MYH9: Sordera neurosensorial / Catarata / Nefropatia

Supervivencialibre de complicacion:

p.Arg903Gly » NHT
p.Argl162Ser p.Lys74Glu

p.Asp1925Thr fs*23 p-Argl4l7Gin 1 serg6Leu

p.Arg1933*
Helical Coil Tail Globular SH3/MD
A ['l'\["JL"j —a—
| ! 1
1 ‘ Tail Domain

SO

NHT Cadenas
Ligeras

Cadenas
Non-muscle myosin IIA heavy chain Pesadas 0.0001
(NMMHC-IIA) <y,

Pecci A et al. Hum Mut. 2014
Bastida JM et al. Haematologica. 2018

SH1 helix




2. Diagnostico diferencial y confirmado

« Macrotrombocitopenias autosomico dominante = fenotipos solapados
- Macrotrombocitopenia AD + sordera neurosensorial > MYH9-RD

NO
Cuerpos Ddhle

- Enfermedad relacionada con DIAPH1 (DIAPH1-RD)
- R1213* - Proteina DIAPH1 - estabilidad citoesqueleto

- Neutropenia fluctuante (+ sordera + MCT AD)

Noris P et al. Haematol. 2012
Stritt S et al. Blood. 2016
Bastida JM et al. Haematologica. 2018



3.- Trombocitopenia leve y antecedentes familiares de
neoplasias hematoldgicas

X

) ]
KOO O©C&

RUNX1, exon 6, p.Thr196Ala

O X

Mujer, 46 anos

P = 90 x10°/L

VPM normal

Herencia AD

SMD del7g - TPH-DNE
LMA

TAD | -C

Bastida JM. ASH. 2017



4. Cambios patron de herencia

Gen (Locus) Herencia conocida Nuevo patron herencia Referencia
ITGA2B / ITGB3 AR = Trombastenia de Glanzmann AD = Macrotrombocitopenia Ghevaert et al. Blood
(14g24) (OMIM 273800) (OMIM 187800) 2008
GP1BA AR = Sindrome Bernard Soulier (SBS) AD = Variante Bolzano Savoia etal. Blood 2004
(17p13) (OMIM 231200) (OMIM 153870) . fearﬁi‘fﬁiig“fcitz%l )
Sivapalaratham S et al.
GP1BB AR = SBS AD = MacroTP Blood 2017
(22q11) (OMIM 231200) (NO ON”M) Bastida JM et al.
Haematologica 2018
FLI1 AD = delllq Paris-Trosseau (PT) AD:_FLll.'RT (mlssense) Stockley et al. Blood 2013
(11g23) (OMIM 188025) AR: PT-like (missense) Stevens%%ii—,a" Blood
(OMIM 617433)
GFI1B AD = GFI1B-RT Ferreira et al. Mol Genet

(9934)

(OMIM 187900)

AR: SPD (storage pool disease)

Metab 2017




Nuevo trastorno plaguetario congénito

 Nifio 9 anos (asiatico), consanguinidad
« Epistaxis + gingivorragias - UCI
o Sospecha Trombastenia Glanzmann (Agregacion patologica + discordante CMF)

e« Secuenciacion masiva (Panel genes):

RASGRP2 ex6n 10; Ser381Phe

liﬂ [ | | | [ | | | | | | | | | [ | [ | 130 [ | [ | [ | [ | [ | | | | | [ | | | 120 [ | [ | [ | | | [ | [ | | | TrombaStenia
coc Cc o o cCc T G C A G G lAlAE C A& G C T G G T A C A G C T C .
Glanzmann - like
(2° caso)

Lozano ML et al. Blood. 2016
Bastida JM et al. Haematologica. 2018



Geneética aplicada a coagulopatias

Rare bleeding disorders

HemofiliaAy B




Algoritmo diagndostico en hemofilia

Hemophilia A

Hemophilia B

\ 4

N

SEVERE

MILD

)‘ MODERATE

MILD, MODERATE
and SEVERE

IVS-22 Subclying-PCR

POSITIVE NEGATIVE

Long distance PCR

\ 4

\ 4

POSITIVE

\

4

NEGATIVE

b

,| HTS (Whole gene)
F8, F9 and VWF

A2

POSITIVE

v

Grandes alt

M LPA estruct

‘l, Del / Ins / Dup

Hemophilia A, B or VWD diaghosed

Bastida JM. et al. Thromb Haemost. 2017
Bastida JM et al. Semin Thromb Hemost. 2019



Limitaciones / retos de NGS

Clinica diaria
Centros de referencia

Inversiones
Translocaciones
Cromosomicas
Grandes In, Del
(>200pb)

Definicion

Patogenicidad

Alteraciones

estructurales

causalidad

Bases de datos
Sistemas
bioinformaticos

Modelos
celulares y/o
animales

Relacidon

Resultado neg

Registros internacionales

Next-Generation

Modelos in silico

iPSC

Knock-out /in
Transgénesis
CRISPR/Cas9

Jarvik GP et al. Hum Genet. 2016
Bastida JM et al. Semin Thromb Hemost. 2019



Conclusiones

El conocimiento de las alteraciones genéticas de las coagulopatias
congénitas es fundamental para nuestros pacientes: mejor
diagnostico, seguimiento, pronadstico, tratamientos

La secuenciacion masiva facilita su identificacion

« Es medicina de precision
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