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Normozytdre Andamien (Hb < 8g/dl)
oft
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Anamie mit Himoglobinkonzentration < 10,0 g/dl (6,2 mmol/l)
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keine (Hepatq—) RDW > 15 %
Splenomegalie
FFerritin normal oder 7 y \ 4 <~ B Hamoglobinurie
Retis normal Retis | Retis 1 ¢
1 W
v
Rasch fortschreitende Folatmangel
keine (Hepato-) (Hepato-) Regeneration intravasale Hamolyse Vitamin-B12-Mangel
Splenomegalie Splenomegalie (z. B. nach Blutung/TEC) (sofortige Einweisung) Myelodysplastisches Syndrom
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Patient 14 Monate

1. Kind; unauff. FA und Geburtsanamnese, normale
Entwicklung, bisher keine ernsthaften Erkrankungen

Stationdre Aufnahme wegen auffallender Bldsse bei seit 3
Wochen bestehenden afebrilen Infekt der oberen
Atemwege

KL: 75,5 cm (10-25%), KG: 8,7 kg (3-10%), Haut: blass, Cor:
HA rhythmisch, 1/6 Systolikum, HF 126/min, Pulmo: VA
bds., 100% O2-sattigung, Abdomen: H/L n.p.;
Lymphknoten: vereinzelt erbsengrofie Lymphknoten
zervikal; lbriger interner Status o.B.



BEFUNDE

Leukozyten

Erythrozyten

Hdmoglobin

Hdmatokrit

MCV (mittl.Zellvolumen)

MCH (mittl.Zell-Hb)

MCHC (mittl.Zell-Hb-Konz.)
Erythrozytenverteilungsbreite
Retikulozyten

Thrombozyten

MPV (mittleres Plattchenvol.)
Coombstest direkt

Haptoglobin

Kreatinin
Harnsdure
Bilirubin gesamt

LDH
Ferritin

10.79 G/I
1.76 T/I
5.8 g/dI
17 %
97 fl
33 pg
34 g/dI
19.7 %
4 %0
343 G/I
8 fl
negativ

66 mg/dl

0.24 mg/dI
4.2 mg/dl
0.3 mg/d|

346 U/|
59 ug/|

5.00-17.50
3.50-5.50
11.1-14.3
32-43
73-101
25-35
26-34
115-145
2-28
150-450
7-11

30-200

0.10-0.40
0.0-6.0
0.2-15
120-300
7-150






Blackfan Diamond Andmie (DBA)

= 1976 durch Alter et al. definiert als

- Moderate to severe macrocytic anemia

- Reticulocytopenia

- Normal bone marrow cellularity with a paucity of
erythroid precursors

- Age less than 1 year
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There was no homozygous variant identified.
The table lists a heterozygous variant which is likely causative for the phenotype.

Genetic analysis- Hematology gene panel screen

RIBOSOMAL
RPS29 14 PROTEIN S29 50052691 . MISSENSE A4TT ENSTO0000396020
LEGEND
GENE gene name R base in reference genome ID Transcript ID
CHR chromosome A alternative base in sample MAF minor allele frequency
POS chromosomal position (bases) IMPACT consequence of variant READS number of sequencing reads covering the variant
SNPID rs number AA change on amino acid level NA not annotated
References
Predictions of variant impact http://genetics.bwh.harvard.edu/pph2/
Polyphen-2: probably damaging http://sift.jcvi.org/
CADD Score: deleterious http://cadd.gs.washington.edu/
SIFT: 35

Whole-exome sequencing and functional studies identify RPS29 as a novel
gene mutated in multicase Diamond-Blackfan anemia families

Lisa Mirabello', Elizabeth R. Macari2, Lea Jessop', Steven R. Ellis3, Timothy Myers', Neelam Giri', Alison M. Taylor?, Katherine E. : %- blOOd

McGrath?, Jessica M. Humphries?2, Bari J. Ballew', Meredith Yeager®, Joseph F. Boland?, Ji He*, Belynda D. Hicks?, Laurie Burdett?, Blanche et

P. Alter!, Leonard Zon2,5%, and Sharon A. Savage'

Diamond-Blackfan anemia is a rare inherited bone marrow failure syndrome (IBMFS). It is characterized by red blood cell (RBC) aplasia and
variable congenital anomalies. DBA classically presents with severe anemia in the first year of life and may include craniofacial anomalies
such as flat nasal bridge, high arched or cleft palate, and short stature. There is a high incidence of cancer in DBA patients, with particularly
high risks of leukemia, myelodysplastic syndrome, colon adenocarcinoma, and osteosarcoma. DBA is inherited in an autosomal dominant
manner, although disease penetrance is often incomplete and expressivity may be variable, leading to clinical heterogeneity within families.
DBA is considered a ribosomopathy, a disorder caused by impaired ribosome biogenesis and function, because the majority of DBA patients
have a germ-line heterozygous mutation or deletion in a ribosomal protein (RP) gene

Ce-M-M-



Transitorische Erytroblastopenie des
Kindesalters (TEC)

Benigne selbstlimitierende Erkrankung (~1 Monat)
1978-2008 ,Sick Children' (Toronto), N=36
Medianes Alter bei Diagnose 19 Monate (3 - 50)
Werte bei Dx (median), Hb 4.4g/dl, MCV 79fl

2014 103, pp.€288—e294
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Patientin 15 Monate

1. Kind in SSW 39+1 SL, 66G: 3000 g, Lange: 49 cm, KU: 34
cm, Apgar: 9-10-10, postpartal bei Andmie EK erhalten,
V.a. Meningitis Zovirax und Claforan, bis 02/103
Neorecormontherpaie + Fe + Folsdure

Bekannte Thrombopenie seit Geburt >90 G/| keine
Blutungsneigung. Seit 2. Lebensmonat bei Pflegeeltern.

Aufnahme bei Infekt und auffallender Bldsse



HAMATOLOGISCHE BEFUNDE

Leukozyten

Erythrozyten

Hdmoglobin
Hdamatokrit

MCV (mittl.Zellvolumen)

MCH (mittl.Zell-Hb)

MCHC (mittl.Zell-Hb-Konz.)
Erythrozytenverteilungsbreite
Retikulozyten

Thrombozyten

MPV (mittleres Plattchenvol.)

CHEMISCHE BEFUNDE

Harnsdure

Bilirubin gesamt
GOT (ASAT)
GPT (ALAT)

Gamma-GT
LDH

9.82 G/I
1.77 T/1
5.7 g/dl
17 %
94 £l
32pg
349/dl
19.8 7%
11 %o
97 G/l
10 fl

2.8 mg/dl
0.9 mg/dl
23U/I
11 U/l
8 U/l
320 VU/I

5.00-17.50
3.50-5.50
11.1-14.3
32-43
73-101
25-35
26-34
11.5-145
2-28
150-450
7-11

0.0-6.0
0.2-15
0-56
0-39
0-20
120-300
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Paroxysmale nachtliche Hamoglobinurie
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Journal of Extracellular Vesicles 2014, 3: 23304



Eculizumab

human germline framework regions

PNH Therapie

variable
heavy

human IgG2 heavy chain } human IgG4 heavy chain

Physiological constant region 1 and hinge constant regions 2 and 3
Alternative C3 tick-over
pathway J
C5 convertase
Classical
pathway -
] MAC
6 C7 C8 (9
Lectin - A - K
pathway > S S

A4

MAC-mediated
intravascular
hemolysis

PNH RBC
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Journal of Extracellular Vesicles 2014, 3: 23304 Blood. 2009;113:6522-6527



T cell-mediated
PIG-A mutation auto-immune attack
in a HSC against HSC
s Target: GPI
Sub-clinical glycosylphosphatidylinositol (GPIl) molecule
|

GPI-negative

clone
Target:
other molecules

Expansion of GPI-
negative clone

/ APLASTIC ANAEMIA

PNH

F-Icm ResearCh F1000Research 2016, 5(F1000 Faculty Rev):209 Last updated: 01 APR 2016




N
i

Hamoglobm

T T T T i T N N T N ’ T 1
x2112M3 2001 2014 13 03. 2014 EIE 0s. 2014 28062014 18052014 07102014 02122014 2301205 16.03.2015 11 ns. 201 5 D'I IZIT-r 201 5 20082015 13, 10 2015 16122015 07.02.20M16 2905204801

450

400

350

3007

2507

2007

1507
100 e

507

s

™ T T T T T T T T T T T T T T T T T T T T L
21123 2002014 13032004 06052014 28082014 18052014 05102014 02122014 23012015 16032013 11 03 201 & D1 D? 201 5 24082013 13 1 D 201 3 16122015 07 022016 2908304501

e LDH

Sl

o

— T — T—T —T T
130324 27052014 15072014 DEI 09.2014 29102014 16122014 04022015 24032015 11052015 25062015 110582015 2508.20M5 16122015 30012016  21.03. 20304 .20




Patientin 7a

Frihgeburt SSW 35+4. Postpartal bei V.a. peripartale
Sepsis Thrombopenie des Neugeborenen (Thrombozyten
102.000) Coombs Test und AK - Suchtest negativ.

Thrombozytenwerte 70-100.000, bei Infekten Abfall bis
40.000 Thrombozyten - chronische ITP

Bis auf eine Pneumonie im 8. Lebensmonat immer ,gesund'.
Anamnestisch keine schweren Infekte oder
Blutungszeichen.

Zuletzt einmalig Epistaxis bei 27.000 Thrombozyten,
anschliefend Nadir von 19.000 Thrombozyten.

Wechselnde Panzytopenie (geringe Andmie und Leukopenie)



HAMATOLOGISCHE BEFUNDE

Leukozyten

Erythrozyten

Hdmoglobin
Hdamatokrit

MCV (mittl.Zellvolumen)

MCH (mittl.Zell-Hb)

MCHC (mittl.Zell-Hb-Konz.)
Erythrozytenverteilungsbreite
Retikulozyten

Thrombozyten

MPV (mittleres Pldattchenvol.)
Stabformige Neutrophile
Neutrophile

Lymphozyten

Monocyten

3.16 G/|
3.56 T/
10.8 g/dl
34%

94 fl

30pg

32q/dl

21.1 %

25 %0

236G/

11 fl

0.03 abs./G/I
1.80 abs./G/I
0. 92 abs./G/I
0.41 abs./G/I

4.50-13.00
4.00-5.20
12.0-16.0
33-45
78-96
25-35
30-37
11.5-145
2-28
150-450
7-11 fl
0.00-0.68
1.50-8.10
1.30-7.00
0.15-1.40






ﬁ Trisomie 8




Myelodysplastisches Syndrom / RAEB

Refractory anemia with excess of blasts
15% Blasten im Knochenmark, Trisomie 8 (80%)

I_| Repression
RUNXI-Deletion

Familial platelet disorder (FPD) with a
predisposition to acute myeloid leukemia (AML)

NATURE REVIEWS | CANCER 376 | MAY 2005 | VOLUME 5



Patientin 9 Jahre

Bisher keine ernsthaften Erkrankungen. Seit einer Woche
Epistaxis bei Tonsillitis, Schmerzen im linken Arm -
zunehmende Blutungszeichen, V.a. ITP, 1x Ig Gabe

Guter Allgemeinzustand, < 100 Petechien, 5 kleine
Hdmatome bds. Unterschenkel, Schulter und Ellbogen
links bewegungseingeschrdnkt und Schmerzen bei
Bewegung, keine Ln Vergroferungen, keine
Organomegalien, neurologisch unauffallig



BEFUNDE

Leukozyten
Erythrozyten
Hdmoglobin
Hamatokrit
MCV

MCH

MCHC

RDW
Thrombozyten
MPV

LDH
Harnsdure
Kreatinin

Blasten
Metamyelocyten
Neutrophile
Lymphozyten
Monocyten

12.01 6/1
215 T/I
6.3 g/dl
17 %
79fl
29pg
374q/dl
154 %
19 G/I

8 fl

582 U/I
2.6 mg/d|

4.50-13.00
4.00-5.20
12.0-16.0
33-45
78-96
25-35
30-37
11.5-14.5
150-450
7-11

120-300
0.0-6.0

0.33 mg/dl 0.20-0.70

6.49 G/I
0.24 G/I
0.36 G/l
4.80 G/l
0.12 6&/I

1.50-8.10
1.30-7.00
0.15-1.40
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APL-BFM Empfehlung Standardrisiko

FAB M3 (PML/RARA): ATRA + ATO bei Pat. mit WBC < 10 000/pl

Induktion CR ) i Dauertherapie WennPCR pos. Kontrolle nach
bei NR Rilcksprache Molekulare nachstem Kurs, wenn weiter
‘L Remission pos. Ricksprache
Tag 10 bis Tag42 4 Wochen |y 4 Wochen
2 Wo. e 4 Wochen 5 insgesamt 4x ATO
ATO Pause ATO Pause ATO ab CR
ATRA 14 Tage dann 14 Tagen Pause

Tog 1-14 Tag 21-42 Tag 56 - 70 Tag &4 —398 Tag 112 - 126 Tog 140 - 154 insgesamt 7x

[ATRA| [ ATRA ATRA ab CR
KMP 4 A A A A DannKMP alle 3 Monate bis 12. Monat
ith i.th. ab10. Tag, alle 4 Wochen, insgesamt 7x t ' t
MRD MRD MRD MRD MRD MRD .
Tag 1 28 56 84 112 MRD alle 3 Monate bis 12. Monat

Bei Hinweisen fiir ein beginnendes ATRA-Syndrom (Kopfschmerzen, Pleura/Perikarderguss, pulmonale Infiltrate, Fizber)
sofort Therapie mit Dexamethason (10-15 mg/m?) zinleiten

ATRA: Alltrans-Retinol Sdure 25mg/m?¥Tag oral in 2 Nebenwirkungen ATO:

geteilten Dosen fiir 14 Tage, dann 14 Tage Pause, Gewichtszunahme, Flissigkeitsretention, Leukozytose,

insgesamt 7x ab CR (Ausnahme 2. ATRA Block!) Verl&ngerung des QT-Intervalls.
ATO: Arsentrioxid 0.15 mg/kg/Tag f.v Gber 1-2 Stunden EKG Kontrolle jeweils vor ATO Kurs

beginnend am Tag 10 bis zur CR. Méglich: Periphere Neuropathie, Hyperglyk&mie, Hautreaktionen.
Nach 2 Wochen Pause: Montag — Freitag jeweils 0.15 mg/kg/Tag
iwv fir 4 Wochen — 4 ATO Zyklen je 4 Wochen — 4 Wochen Pause  CR Komplette Remission

MRD: Minimal residual diseasa
AMLBFM 03/2013 KMP: Knochenmarkpunktion

i.th. Intrathekal Cytarabin altersabhingig



d>KISCHULE
Riesneralm

ATRA-arsenic trioxide

=i ——

Survival Rate (%)

ATRA—chemotherapy

T T T T T
36 48 60 72 84

Months

N ENGL ] MED 374;12

NEJM.ORG MARCH 24, 2016









Hdmolytisch urdmisches Syndrom (HUS)

= Typisches HUS (STEC-HUS), Shiga-Toxin von entero-
hdmorrh. E.coli -> 25% STEC-HUS -> 25% chron.
Niereninsuff., 1-5% Mortalitat

= Atypisches HUS (aHUS), chron. Rezidivierend, >50% end-
stage Nierenversagen, bis 25% Mortalitdt - gebessert seit
Ezulicumab

HUS with coexisting disease / condition

Bone marrow transplantation

Solid organ transplantation®

Malignancy / cancer chemotherapy

Autoimmune disorders (SLE, antiphospholipid syndrome,
scleroderma, dermatomyositis)

Drugs (calcineurin inhibitors, sirolimus and anti-VEGF agents)
Malignant hypertension

HIV infection

Thrombotic microangiopathies

N T

Congenital Thrombotic Streptococcus pneumoniae -HUS
ADAMTS13 thrombocytopenic HELLP Hemolytic Influenza A / HIN1-HUS
deficiency \ purpura syndrome® uremic ' .
syndrome ~4 1 . -
ADAMTS13 Y STEC-HUS Post-infectious
Anti-ADAMTS13 / activity <10% I |
antibodies .
Cobalamin C defect-HUS
H d . A . DGKE mutation-HUS
Cre ltary Utonnlnune Mutations in CFH, CFl,

Alternative complement pathway MCP, C3, CFB, THBD

dysregulation-HUS® '
Anti-CFH antibodies

Pediatr Nephrol (2016) 31:15-39
Blood. 2015;126(18):2085-2090

, Unexplained HUS



Hdmolytische Andmien

» Himolyseparameter (indirektes Bili + LDH erhaht,
Ahaptoglobindmie)

 Urinteststreifen: Himoglobinurie - sofortige
Klinikeinweisung




AIHA — Direkter Antiglobulin Test (DAT, Coombs Test)

Ccad
a
b |
4 1
. o d
Patient's RBCs  Anti-C3d Agglutination 1+ I 3+ 4+

IgG

Agglutination g(’l S 2::: ‘Cg;i :

Anti-C3d: —

Jdger U, Lechner K. Autoimmune Hemolytic Anemia. Hematology-Basic Principles
and Practice.; 6th Edition, 2013, Hoffman R, Benz EJ, Silberstein LE, et al.
editors, Elsevier




Patient

¢ la alter Knabe mafiger AZ

« Anamnestisch seit 2 Tagen Fieber und
zunehmender Ikterus, kein Auslandsaufenthalt,
lebt seit 4 Monaten bei Pflegeeltern wegen
schwerer Vernachldssigung

e klin. Status: Sklerenikterus, Tachykardie (Hf
156/min), Af normal, O, Stg. 100%, keine
Organomegalie



Blutbild

HAMATOLOGISCHE BEFUNDE

Leukozyten

Erythrozyten

Hadmoglobin

Hdmatokrit

MCV (mittl.Zellvolumen)

MCH (mittl.Zell-Hb)

MCHC (mittl.Zell-Hb-Konz.)
Erythrozytenverteilungsbreite
Retikulozyten

Thrombozyten

MPV (mittleres Plattchenvol.)
Diff. BB: unauffallig
Normoblasten

11.326/I
1.56 T/l
4.5 g/dl
12 %
77 fl
29 pg
38 q/dl
153 %
44 %o
295 G/I
7 fl

3.0



Labor

Harnsdure 3.1mg/dl
Bilirubin gesamt 8.8 mg/dl
Bilirubin direkt 0.55 mg/dl
Bilirubin indirekt 8. 25 mg/d| i
GOT (ASAT) 44U/| | _.
GPT (ALAT) 23U/l ; '
Gamma-GT 6 U/l -~ . </
LDH 407 U/ = ) N a
Creatinkinase 206 U/l
Cholinesterase 7.6 kU/I e
Alpha Amylase (Serum) 35V/I i ety g
. monosp. Anti-igG.
Haptoglobin 2 mg/dl i sl ol 6
Anti-igM: —
SC{ Anti-C3¢c.— 'SC‘
.. Anti-C3d: —
Coombstest direkt positiv B

Direkter Coombstest: monospezifische Anti-Ig6 +++, Anti-Ig61 +++, Anti-
IgG3 -, Anti-IgA -, Anti-IgM -, Anti-C3c -, Anti-C3d -
Virologie: HSV, Hepatitis, HIV, VZV, CMV, Adeno, etc. NEGATIV



Schweiz Med Forum 2010;10(37):626-633



Blutgruppenserologie Rhesusprotokoll: AB positiv (D+),

Erythrozyten Ak: Pan- und Autoagglutinin (indirekter Coombstest).
Transfusionsempfehlung fir Erythrozytenkonzentrate: Blutgruppe AB,
Rhesus positiv (D+, K-)

nach Durchfiihrung der biologischen Vorprobe nach Oehlecker.
Direkter Coombstest (polyspezifisch): +++

147
13
12-:
11-
107

Hamoglobin g/dI

O T

1 T T T 1 I. T 1 T ; T 1 T T T 1
H.03.201M 20072011 1112011 02032012 19.07.

Steroide 7-9/2011

+ Ig (4x) + Rituximab (9-
10/2011) (4x) + EK (4x)

Azathioprim
9/2011 - 1/2012
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Autoimmun hdmolytische Andmie (AIHA)
Seltene Erkrankungen im Kindes- und Jugendalter

Inzidenz AIHAs: 0.2/Mill/Jahr (wahrscheinlich 10-

fach hoher?)

haematologica | 2011; 96(5)

30 -
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i
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Age
M Male 0O Female

Number of AIHA patients
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Autoimmunhdmolytische Andmien

PRIMARY AIHA*

>
>
>

Warm-reactive AIHA
Paroxysmal cold haemoglobinuria
Cold agglutinin disease, usually IgM

SECONDARY AlHAt

>
>

>

Evans’ syndrome

Autoimmune and inflammatory diseases

(eg, systemic lupus erythematosus)
Immunodeficiency (eg, autoimmune
lymphoproliferative syndrome)

Infection (eg, Mycoplasma pneumoniae or
Epstein-Barr virus)#

Malignancy (eg, haematological-leukaemia or
lymphoma or solid tumours)§

Drug-induced§

Vagace JM, et al. Arch Dis Child 2014;99:668-673.



Empfohlene Untersuchungen bei ATHA

» Complete blood count (including reticulocytes)

» Blood smear.

» Biochemistry: urea, creatine, aspartate aminotransferase,

alanine aminotransferase, bilirubin, haptoglobin and LDH.

Immunoglobulins dosage (IgG, IgA and IgM)

ANA and anti-DNA if ANA is positive.

Immunophenotyping of peripheral lymphocytes (should

include the quantification of ‘double-negative T cells:

CD3CD4-CD8-TCRo/B+" if an ALS is suspected)

» Lupus anticoagulant and antiphospholipid antibodies (if
antiphospholipid syndrome is suspected or systematically
before splenectomy)

» Bone marrow aspiration (if pancytopenia, lymphadenopathy
or visceromegaly)

» Chest X-ray and abdominal sonography (if a secondary AIHA
is suspected).

» Serological test for Epstein-Barr virus and/or Mycoplasma
pneumoniae (if cold agglutinin disease has been djagnosed)

Vagace JM, et al. Arch Dis Child 2014;99:668-673.
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Autoimmunhdmolytische Andmie (ATHA) und
Riesenzellhepatitis

2 Monate altes Mdachen, Hb 4g/dl, normochrom-
normozytar, DCT pos, Ig6++++, Steroid, 6-MP,
Rituximab, Blutaustausch

obin \\r/\‘

GPT

7

— L T T  — L T T T T T T T T T
204214 2052014 20082014 22072014 20052014 28012015 11.06.2015 2608 21

JPGN 2014;58: 669—-673




B-Zell Depletion durch

Rituximab
(Anti-CD20 Ak)

CDz20
L\

Macrophage
Natural killer cell
Kupffer cell

FcR
Anti-CD20

|

—_— Dead B cell

Complement-dependent cytotoxicity mechanism

B cell

NATURE REVIEWS [ DRUG DISCOVERY

Complement (

binding and
actlvatlon

Direct apoptosis

CD20 ét
translocation

to lipid rafts?

Membrane
attack
complex

I

Apoptotic
B cell
\ /

VOLUME 5 [ JULY 2006 | 569



Patientin

e 4q altes Mddchen, dzt.
unbeeintrdchtigt

* Anamnestisch bei Fieber immer
wieder ,gelbe Skleren’ - bei
Vater die gleichen Zeichen
(keine Diagnose bisher)

 klin. Status: Splenomegalie 4cm
unterhalb des Rippenbogens



Blutbild

Leukozyten 12.736/I 5.00-15.00
Erythrozyten  3.77 T/I 4.00-5.20
Hdmoglobin 96 g/dl 11.1-14.3

Hdmatokrit 27 %o 32-43
MCV 76fl 75-85
MCH 26 pg 25-35
MCHC 36qg/dl 30-37
RDW 25.0 % 115-145
Retikulozyten 92 %o 2-28
Thrombozyten 642 G/I 150-450

Coombstest direkt hegativ

Haptoglobin 0 mg/dl 30-200
CHEMISCHE BEFUNDE
Bilirubin total 2,1mg/dl 0.2-15

Bilirubin indirekt 1.69 mg/dl 0.00-0.75
LDH 335 U/l 120-300






Patient Kontrolle

Bestdatigung der Diagnose

FACS-Analyse (EMA-Test)

' Reduzierte Intensitdat der

5-Eosin-Maleimid Farbung
(5-EMA)
1 i ) . “3:;:%"*“5

Osmotische ? ! &!__ * i |
Resistenz '
Reduzierte o T 1 ‘3':
osmotische rt .1 ' ' ! &"
R@SISTZHZ |n HS I "" Control
Zellen

.s 0.7 06 0.5 0.4 03
NaC | concentration (%)

Pediatr Clin North Am. 2013 December ; 60(6): 1349-1362



Schweregrade der Spharozytose

Mittelschwere Spharo- Schwere Spharozytose® Sehr schwere
zytose Spharozytose”
Anteil an Patienten (%) 60-70 ~ 10 3-4
Hamoglobin
(g/dl) 8-11 6-8 <6
(mmol/l) 5-6,8 3,7-5 <3,7
Retikulozyten (%) >6 > 10 (meist > 15)° >10
Bilirubin
(mg/dl) > 2 > 2-3 >3
(umol/1) > 34,2 >34,2-51,3 >51,3
Spharozyten u.a.im Deutlich vermehrt Deutlich vermehrt Mikrospharozyten und
Blutausstrich Poikilozyten
Transfusionsbedarf 0-2 >3 Regelmaliig

Indikation zur , near-total
splenectomy”

S.Eberund O. Andres

Bei mehreren hamolyti-
schen Krisen (Hb < 8 g/d|,
5 mmol/l; > 2 Transfusio-
nen) oder ausgepragter
Leistungsminderung

Alle Patienten, nicht vor
dem 6. Jahr

Alle Patienten, nicht vor
dem 6. Jahr

Monatsschr Kinderheilkd 2016 - 164:59-72



Membranopathien

Glycophorin A Glycophorin B Glycophorin A Glycophorin C/D

Ankyrin-1 1 ___/f\ >

_a;—v.

Adducm
Tropomyosin
Tropomodulin —

Pediatr Clin North Am. 2013 December ; 60(6): 1349-1362



Band 3 oder Solute carrier 4A1 (SLC4A1) oder
Anionenaustauscher 1 (AE1)

Erythrocyte Kidney — collecting duct

HQO e H20
CcO CO,

2
( \DCO?,_

Cl-

AE1
\_ (SLC4A1)

Hereditdre Sphdrozytose

Distale renale tubuldre Azidose (dRTA)
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“ Anti-pand 3
St.Anng ——

Kinderkrebs

Fout.'hnng
- Anti-actin
Anti-PROXZ
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Band 3 null VIENNA




(Embden-Meyerhof pathway)

(Hexose monophosphate shunD

Glucose 6-phosphogluconate
dehydrogenase
ATP ~ [Hexokinag€} 6-phosphogluconolactone Ribulose-5-phosphate
ADP Glucose-6-phosphate NADP NADPH
|__dehydrogenase |
Glucose-6-phosphate 6-phosphogluconate

.
NADP NADPH

Glucosephosphate
isomerase

Fructose-6-phosphate

ATP ,
ADP Dl|Phosphofructck|nase| R-OOH + 02 [Glutathione reductase| ¥
V»Oxidized glutathione NADPH
Fructose-1,6-diphosphate Glutathione
peroxidase |\_geqyced glutathione NADP
R-O0H

Dihydroxyacetone
phosphate Glyceraldehyde-3-phosphate -

(Glutathione pathway)

| Triosephosphate isomerase|

NAD Glyceraldehyde-3-phosphate

NADH dehydrogenase

(RapoporbLuebering shunt)

1,3-bisphosphoglycerate

ATP
ADP

[Phosphoglycerate kinase |

3-phosphoglycerate —=

Bisphosphoglycerate
mutase

2,3-bisphosphoglycerate

Bisphosphoglycerate
phosphatase

[Monophosphoglycerate mutase|

2-phosphoglycerate

Pyruvate kinase

N:g: [Lactate dehydrogenase|

Lactate

(Nucleotide metabolism)

Adenine
Adenine
phoshoribosyltransferase
AMP  ceeeeiiinaanns,

Adenosine
monophosphatase

tdenylate Adenosine
kinase kinase

5'-nucleotidase

Adenosine
deaminase '

AMP DC ATP x Adenosine —m= Inosine
ADP ADP AMP

5'-ribonucleotide ——= ribonucleoside

Enzymopathien

Kongenitale nicht-
sphdrozytische
hdmolytische
Andmien (CNSHA)

Int. Inl. Lab. Hem. 2014, 36, 388-397



Glucose 6-Phosphat
Dehydrogenase Mangel

Normal G6PD
(class IV and V alleles)

OH
—>
N % OH
RJ\N/ NH,
—

Isouramil/divicine

Broad beans G6PD deficiency
(class I, Il and Il alleles)

namre

M Relling & WE Evans 2015 | VOL 526 | NATURE | 343
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Oxidative stressors Hb e e
Drugs (Dose, schedule of 2 ’ the G6PD gene
administration), flava beans, infections
At Hb 1
- N
H 0< GSSG \ // NADPle Q\ ;1) 6PG
Glutathion | 1 \ GSR v
production | GPX l oo |
" HzozT J \ os | < \$ NADP / WANEC:
ROS
Damage of erythrocytes
Acute hemolytic anemia (AHA)
4 » Tissue hypoxia

Co-morbidities 3

Malaria, ALL, methemoglobinemia

L Kager & WE Evans. Pharmacogenomics in Hematologial Disease. | - E[,(EMIQL?AGY
Hematology-Basic Principles and Practice. Eds. Hoffman et al. 7th
Edition, 2016, Elsevier /n press

RONALD HOFFMAN



Glucose 6-Phosphat Dehydrogenase Mangel

» Haufigste Enzymopathie (> 400 Mill.)
« Subtropischer Glirtel/Malariagebiete

e X-linked, schwere Formen fast immer
sporadisch, > 140 Mutationen in 66PD

 Neonataler Ikterus
» Hamolytische Krisen

il
e 4

=Sool A Lancet 2008; 371: 64-74



Class |
Severely deficient, associated with chronic non-spherocytic
haemolytic anaemia

Class i
Severely deficient (1-10% residual activity), associated with
acute haemolytic anaemia

Class i
Moderately deficient (10-60% residual activity)

Class IV
Normal activity (60-150%)

ClassV
Increased activity (>150%)

Lancet 2008; 371: 64-74



Definite association

Possible association

Doubtful association

Antimalarials

Sulfonamides

Sulfones
Nitrofurantoin

Antipyretic or analgesic

Otherdrugs

Other chemicals

Lancet 2008; 371: 64-74

Primaquine
Pamaquine
Sulfanilamide
Sulfacetamide

Sulfapyridine
Sulfamethoxazole

Dapsone
Nitrofurantoin

Acetanilide

Nalidixic acid
Niridazole
Methylthionium
Phenazopyridine
Co-trimoxazole

Naphthalene
2,4,6-trinitrotoluene

Chloroquine

Sulfadimidine
Sulfasalazine
Glibenclamide

Aspirin

Ciprofloxacin
Chloramphenicol
Vitamin K analogues
Ascorbic acid
Mesalazine

Acalyphaindica extract

Mepacrine
Quinine
Aldesulfone

Sulfadiazine
Sulfafurazole

Paracetamol
Phenacetin

Aminosalicylic acid

Doxorubicin
Probenecid
Dimercaprol
0]
“SNH
~ /L
Uric aC|d

HN—__~©

0

© )L

N NH

H N 2
H

Rasburlcase
Allantoin
+

H
N S

Hydrogen peroxide

PharmGkB

The Pharmacogenelics and Pharmacogenomics Knowledge Base
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Targeted Sequencing:

A successful strategy to identify genetic
causes of hematological disorders

Lab Kaan Boztug
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Linking the phenotype: The role of genetics in disease

o § lymphadenopathy

&  disorder Warts ichtyoisis :
o radiosensitivity v psorirasis :
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Adapted from Manolio et al. Nature (2009)



Next Generation Sequencing (NGS) approaches for

the identification of rare gene defects

incoming patient material | ——>

Whole Genome
Sequencing (WGS)

BOWNH s om
SR

68 @ 4@ en v 48
g7 Bg e 8 g
19 20 21 22 ?ﬁ a

Exome Sequencing
(ES)

i

I

Genetic screen via targeted next-generation-sequencing
(NGS) technology: Hematology Panel

Targeted Sequencing

example: SCID Genes

IL2Rg ADA
JAK3 PNP
IL7RA DNA ligase IV
PTPRC DCLRE1C
CD3g DNAPkcs
CD36 AK2
CD3e,0 CD8 alpha chain
CD247 ORAI-
Coronin-1A STIM-1
CIITA NHEJ1
RFX5 ZAP70
RFXAP FOXN
RFXANK TBX1
RAG1 MST1
RAG2 LCK

Data complexity

|

Ce-M-M-



Targeted sequencing of hematological relevant genes

Facts about our custom designed PID gene-panel:

* Currently 438 relevant genes targeted which are causative or potentially causative for monogenic
hematopoetic disorders
e all known hematological disease genes > diagnostic
e several unpublished interesting candidate genes > discovery
e Simultaneous analysis of up to 48 samples (patients) on HiSeq3000 platform

SCID
s ~N aHUS
IL2RG  NBN
IL7ZR  ORAI1 LAD ALPS CFHR3 IBMF
JAK3  PRKDC EE:Rl
LIG4  PTPRC CASP10 DKC1  TERC
MST1  RAG1 'FTEiE;/ZIB CASP8 iEigD CFB NHP2  WRAPS3
\ NHEL . )1 siesser FADD CD46 NOP10 TINE2
RAC2 CARD11 GAR1  RTEL1
TERT
CVID FHL
LRBA  CD19 >CN PRF1 LYST Fanconi
TWEAK CD20 ELANE TCIRG1 UNC13D AP3B4 anemia
TACI CD21 HAX1 SBDS STX11 RAB27A
BAFFR ... G6PC3  LYST/CHS STXBP2 .. FANCA  FANCF
JAGN1 AP3B1 FANCB  XRCC9
TYK2  AP3D1 FANCC  FANCI
WASP  AP3S1 FANCD2 BRIP1
GCSFR ... BRCA2  PHF9
FANCE

Examples of targeted disease groups

Ce-M-M-



Patient /S.P.

Patient information & clinical data

Patient Code:
Gender/Age (y): Male/3.5
Consanguinity: No
Age at onset: Birth

Clinical Features/Symptoms: Initially transfusion dependent, developmental delay
Immunophenotyping: -

Incoming Diagnosis: Chronic ‘normocytic (upper range)’ hemolytic anemia
Therapy & Response: none
Previous tests/analysis: EMA (-), Enzymes (-), screening for metabolic diseases (-)
Additional information: Parents refused BM analysis, FISH (MDS) (-), PNH (-), DEB (-)
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There was no homozygous variant identified.
The table lists 2 heterozygous variants which are likely causative for the phenotype.

Genetic analysis: Hematology gene panel screen

I T Y A T AT

CDAN1 43022926 rs375339408 A STOP_GAINED R682* ENSTO0000356231

CDAN1 15 43016798 . A G MISSENSE L1192S ENSTO0000356231 NA 88
LEGEND
GENE gene name R base in reference genome ID Transcript ID
CHR chromosome A alternative base in sample MAF minor allele frequency
POS chromosomal position (bases) IMPACT consequence of variant READS number of sequencing reads covering the variant
SNPID rs number AA change on amino acid level NA not annotated
Predictions of variant impact References
chr15:43022926 G>A chr15:43016798 A>G http://www.omim.org/entry/224120
Polyphen-2: NA Polyphen-2: probably damaging http://genetics.bwh.harvard.edu/pph2/
SIFT Score: NA SIFT Score: deleterious http://sift.jcvi.org/
CADD Score: 38 CADD Score: 27.3 http://cadd.gs.washington.edu/

CDAN1 = CODANIN1

Dyserythropoietic anemia, congenital, type la (OMIM #224120)

CDA type | is a rare inherited red blood cell disorder characterized by macrocytic anemia, ineffective erythropoiesis, and
secondary hemochromatosis. It is occasionally associated with bone abnormalities, especially of the hands and feet
(acrodysostosis), nail hypoplasia, and scoliosis. Striking morphologic abnormalities of erythroblasts include the 'Swiss-
cheese' abnormality of erythroblasts on electron microscopy. The inheritance is known to be autosomal recessive; the
patient comprises compound heterozygosity. — confirmed via Sanger sequencing of patient and parents. The novel
missense variant is inherited from the father, the known stop gained variant from the mother.
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Zusammenfassung

Neu diagnostizierte normozytdr-normochrome
Andmie mit Hb < 8g/dl (< 5 mmol/l) ist fast immer
ein Notfall

Bei Zeichen einer Hdmolyse sofortige weitere
Untersuchungen einleiten

Bei zusdtzlichen Zytopenien und/oder Vergroéflerung
von lymphatischen Organen - Onkologie

Migrantion: bedenke hamolytische Krise bei G6PD-
Mangel (und Milzsequester bei SDC)

S.Eberund O. Andres Monatsschr Kinderheilkd 2016 - 164:59-72
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