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Exon 700
WEF EiE EOEE| Exon 8 |FS Eikcs
MYHS  |Myosin, Heavy Chain 9 229131 67  |MYH-related disease MHA, SBS, FTNS, EPTS
GPlba  |Glycoprotein Iba 17pter-p12 2 Bernard-Soulier syndrome BSS
GPIER | Glycoprotein IBR 22q11.2 2 Bernard-Soulier syndrome B33
GPIX | Glycoprotein IX 3g21.3 3 Bernard-Soulier syndrome BSS
ACTNT  |Actinin, Alpha 1 14q24 .1 36  |(Autcsomal dominant macrothrombocytopenia)
. Friend Leukemia Virus Parig-Trousseau type thrombocytopenia, Jacobsen's
FLI Integration 1 11924.3 1 syndrome TCRT
FLMNA  |Filamin A Xq28 67  |(X-linked dominant thrombocytopenia)
GATA1 | GATA Binding Pratein 1 ®p11.23 g |*linked thrambocytopenia and dyserythrapaiesis with | 1
or without anemia
ITGAZB |Integrins alpha 2B 17g21.32 35 |Glanzmann thrombasthenia
ITGB3 |Integring beta 3 17g21.32 14 |Glanzmann thrombasthenia
NBEALZ |MNeurobeachin-Like 2 3p21.31 81 |Gray platelet syndrome GPS
TUBB1 |Tubulin beta-1 20g13.32 3 {Autzsomal dominant macrothrombocytopenia)
VWF on Willebrand Factor 12p13.3 61 Montreal platelet syndrome MP3
ATP-Binding Cassette, Sub- . . . N
ABCGS Family G (WHITE], Member 5 2p21 13 |Thrombocytopenia associated with sitosterolagmia
ATP-Binding Cassette, Sub- ; . L _
ABCGE Family G (WHITE}, Member & 2p21 13 |Thrombocytopenia associated with sitosteralaemia
MYL9  |Myosin Light Chain & 20g11.23 4
Myeloproliferative Leukemia ! .
oMPL |\ s Oncogene 1p34.2 11 |Amegakaryocytic thrombocytopenia CAMT
REMBA |RNA Binding Motif Protein 84 1921.1 B Thrombocytopenia with absent radii TAR
Runt-Related Transcription Familial platelet disorder with predispasition to acute
RUNX1 Factor 1 21922.3 18 myelogenous leukemia FDPIAML
AMKRDZ6 |Ankyrin Repeat Domain 26 10p121 31 |ANKLD26-related thrombocytopenia
HOXA11 |Homeobox A11 7p15.2 p  |Amegakaryocytic thrombocytopenia with radio-ulnar |~ rp) 1o
sv¥nostosis
{Autesomal dominant nonsyndromic
CYCS | Cytochrome C Tp21.2 3 thrombocytopenia)
WAS Wiskott-Aldrich Syndrome Xp11.23 18 |Wiskott-Aldrich syndrome, X-linked thrombocytopenia |WAS, XLT
WASWASL Interacting Protein .
WIPF1 Family, Member 1 2931.2 5] Wiskatt-Aldrich syndrome 2, XLT WASZ, XLT
. Familial platelet disorder with predispasition to acute
CBL Chbl Proto-Oncogene 11q23.3 14 myelogenous leukemia FDP/AML
Acyl-coenzyme A binding . . . .
ACBDS domain containing protein 5 10p12.1 22 |(Autesomal dominant inherited thrombocytopenia)
Microtubule asscciated serine . . . .
MASTL threonine like kinase 10p12.1 18 |{Autcsomal dominant inherited thrombocytopenia)
5BF2 |SET Binding Factor 2 11p154 40 |Charcot-Marie Tooth Disease typedB2
W-Ets Avian Erythroblastosis ) A ,
ETS1  |Virus E26 Oncogene Homolog 110233 1 Paris-Trousseau type thrombocytopenia, Jacobsen's
q syndrome
22q11 deleticn syndreme {which includes velo-cardio-
COMT | Catechol-O-methyltransferase 22q11.21 17 |facial (VGF) syndrome) and DiGeorge syndrome
{DGS)
22011 deletion syndrome {which includes velo-cardio-
TBX1 Testis-Specific T-Box Protein 22g11.21 10 |facial (VCF} syndrome) and DiGeorge syndrome
{DGS)
MDS1 And EVIT1 Complex Deletion of the 3926 (region including the EVI1 and
MECOM Locus 3q26.2 3 MOS1 genes )
Protein Tyrosine Phosphatase, Amegakaryocytic thrombocytopenia in Moonan
PTENT MNon-Receptor Type 11 120241 18 syndrome

12




(iii)

Surface marker 2009.6 [2012.2 |2013.11 Gate
T cell CD3 87.17 48.60 62.25 [%Lym
Helper T cell CD4 43.83 46.03 30.80 (%CD3Lym
Cytotoxic T cell CD8 35.15 46.35 27.44 [%CD3Lym
CD4/CD8 1.25 099 112
Memory T cell CD4+CD45RO 0.03 2891 25.29 |%CD4CD3Lym
Thymic naive T cell |CD45RA+CD3 1+ 69.05 61.76 | 52.45 |%CD4CD3Lym
Central naive T cell |CD45RA+CD31- 1.56 551 7.78 |%CD4CD3Lym
Treg CD25+CD127-+ 0.00 7.28 8.93 [%¥CD4CD3Lym
ALPS criteria (DNT) |CD4-CD8-CD3+afT+ 090 1.57 |%CD3TCRap
y8T cell y8T 13.08 3.28 15.11 [%CD3
NKT cell CDI+TCRV24a+ TCRVI 1+ 0.05 0.09 0.10 [¥CD3
B cell CD19 3.98 28.34 11.13 [%Lym
Transitional B cell CD38+lgM+high 0.83 [%¥CD19Lym
Plasma cell CD38+lgM-high 0.56 [%CD19Lym
pre-B2 cell (CSR B) |CD18+lgD-IgM- 0.68 |%CD19Lym
Naive B cell CD19+CD27-1gD+ 8172 9728 97.70 [%CD19Lym
Memory B cell CD19+CD27+ 14.28 1.94 2.27 [%CD19Lym
IgM memory B cell |CD19+CD27+1gD+ 8.57 1.79 1.64 [%CD19Lym
Switched memory B cell |CD19+CD27+1gD- 5.1 11.79 0.63 |%CD19Lym
IgK 46.49 4457 43.46 [%CD19Lym
Il 44.97 44.05 45.54 (%CD19Lym
KL positive 209 027 0.05 |%CD19Lym
CD38-CD24++ 22.03 6.02 4.23 |%CD19Lym
CD38+CD24+ 37.37 1019 | 81.74 [%CD19Lym
GCD38+CD24++ 39.31 69.91 10.08 |¥CD19Lym
NK cell CD3-CD16+CD56+ 0.88 431 31.94 [%Lym
pDC Lin~HLADR+CD123+ 023 0.16 |¥WBC
mDC Lin-HLADR+CD11¢+ 029 0.21 |%WBC
L TREC 0 0 0
turnover/proliferation |gjKREC 3.19E+03| 3.80E+03| 2.91E+04|
arker SIKREC 5.30E+03) 2.90E+04] 1.39E+04
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Kunishima S, Okuno Y, YoshidaK,
Shiraishi Y, Sanada M, Muramatsu H,
ChibaK, TanakaH, Miyazaki K, Sakai
M, Ohtake M, Kobayashi R, Iguchi A,
Niimi G, Otsu M, Takahashi Y, Miyano
S, Saito H, Kojima S, Ogawa S.
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macrothrombocytopenia. Am JHum
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Noris P, Favier R, Alesst MC, Geddis
AE, Kunishima S, Heller PG, Giordano
P, Niederhoffer K, Bussel JB, Podda M,
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1. Combined
T and B cell
PIDs, 15, 7%

1 2013

160

patients

P1

P2

Year of birth

1986

1990

Age of onset

2yrs

5 months

Main clinical features

Recurrent LRT infections,
liver damage,

Recurrent LRT infections
bronchiectasis,

HMG, SMG, chronic diarrhea,
lymphadenopathy failure to thrive
HMG, SMG
Cytopenia Neutropenia
Main biological features | Lymphopenia Lymphopenia
age 2yrs 5yrs
IgM g/1 (N) 4.25 (0.58-1.53) 4.5 (0.54-1.55)
IgG g/1 (N) 5.7 (3.35-8.96) <1.9 (5.49-11.54)
IgA g/1 (N) 0.65 (0.27-1.22) 0.82(0.41-1.57)
subclasses g/1
IgG1 (N) | 3.71 (>3)
IgG2 (N) | 1.5 (>0.30)
IgG3 (N) | 0.64 (>0.12)
1gG4 (N) | 0.3 (>0.04)
Malignancies High grade DLBCL of biliary Hodgkin lymphoma stage II1
tract (EBV-, Bcl-6+; age 8yrs) ;
High grade DLBCL of the colon
(EBV-, Bcl-6-; stage IVB;
age 19yrs)
treatment IVIg from 3yrs on IVIg from 7 yrs on
Chemotherapy, rituximab Chemotherapy, radiotherapy
(11 yrs)
outcome Died from large bowel In remission, alive
perforation and bleeding post
chemotherapy
#*1—1:PIK3CD 2

Clin Immunol. in press

20

Kracker et al, J Allergy and
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patients P3 P4 P5 P6 P7 (sister of P2} P8
Year of birth 2006 1991 1992 1998 1984 1999
Age of onset 2yrs 8yrs Syrs 4yrs 8yrs 2yrs
Main clinical Recurrent LRT Recurrent LRT Recurrent LRT Recurrent LRT Recurrent LRT
features Recurrent LRT infections, infections, infections, infections infections,
infections, chronic diarrhea | chronic diarrhea, Bronchiectasis Bacterial
chronic diarrhea, HMG, SMG, HMG, pneumonia,
SMG polyadenopathy | polyadenopathy chronic diarrhea
macro crania SMG, HMG,
polyadenopathy
Cytopenia Thrombocytopenia Neutropenia, AIHA, Neutropenia Neutropenia
Thrombocytopenia
Immunological Lymphopenia Lymphopenia Lymphopenia Lymphopenia Lymphopenia
features
age 2yrs 9m 4yrs Syrs 4yrs 8yrs 2 yrs 8m
IgM g/1 (N) 3.9 (0.58-1.53) 7.23 (0.54-1.55) | 1.18 (0.54-1.55) 2.65 (0.5-2.0) 2.28 (0.54-1.55) 1.57 (0.58-1.53)
1gG g/1 (N) 0.12 (3.35-8.96) 4.77 (5.49- 3.98(5.49-11.54) | 9.7 (549-11.54) | 8.98 (549-11.54) | 1.30 (3.35-8.96)
11.54)
IgAg/l1 (N) <0.06 (0.27-1.22) 0.7 (0.41-1.57) N.D. (0.41-1.57) 0.51 (0.4-2.0) 0.30 (0.41-1.57) <0.1(0.27-1.22)
subclasses g/1
IgG1 (N) | 0.08(>3) 3.56 (>4) 8.88 (>4)
1gG2 (N) | 0.06 (>0.30) 1.61 (>0.40) 0.1 (>0.40)
IgG3 (N) | 0.02 (>0.12) 0.89 (>0.16) 0.11 (>0.16)
IgG4 (N) | 0.001 (0-2.10) <0.075 (0-2.10) <0.01 (>0.04)
treatment IVIgG from 3 yrs HSCT at 8 yrs, IVIgG from 6 years, | SCIgG from 4 yrs IVIgG from 19 yrs 1VIg from 3 yrs
IVIgG from 8 yrs | Splenectomy,
HSCT at 13 yrs
outcome alive alive dead (septic shock, | alive alive alive
mutli organ failure,
14 yrs)
#1—2:PIK3CD P5 Kracker et al, J Allergy and
Clin Immunol. in press
Age at Age at . polyaden .
case Diagnosis | transplant cytopenia opathy SMG,HMG | Infections Others
. Recurrent
1992ST003 5 13 pancytopenia + + LRT splenectomy
lymphopenia, Recurrent middle ear
1994MT001 2 7 thrombocytopenia + * LRT cholesteatoma,
lymphopenia Recurrent bronchiectasis,
199617003 6 16 T + + ;
thrombocytopenia LRT Nephrotic
) Recurrent
1998FK002 3 1 lymphopenia - + LRT hematorrhea
Recurrent | macro crania, mild
2004KHG001 0.75 8 - + - LRT L
mental retardation
Recurrent
1989KG001 3 - - + + LRT EBV-BLPD
Recurrent | malakoplakia of the
2000FU001 8 - lymphopenia + - L
ymphop LRT colon, Listeria
Recurrent
20018Y001 0.75 - - + + LRT hematorrhea
Recurrent | MALTlymphoma s/
2003YT0O01 2 - - + +
003YTO0 LRT 0, E525A, mother
lymphopenia Recurrent
2005FK001 3 - ymphopenia, + - -
thrombocytopenia LRT
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STAT1-GOF scoring system

Score | cMC Viral . Autoimmune disease,_ Lym_phopenia, Other_ _
Infection | or Hypogammaglobulinemia complication
1 + — — —~
2 + + -~ —~
3 + + =
4 + + + +
Molecular Defect coiteEll fBNRamelng | e age
domain domain
1 4 - 15 (0~40)
Innate immunity
2 1 2 22 (2~33)
3 Innate + acquired immunity 2 3 18( 0~43)
4 Inngte + acquired immunity 3 _ 15 (7~28)
+ visceral organ
TREC/KREC Group
STAT1-GOF
Score A% B#F CH¥ DEf
TREC+/KREC+ | TREC+/KREC- | TREC-/KREC+ |[IF{EeTA(RI=0
1 2
2 2 1
3 2 1 2
STAT1 TREC,KREC
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1) Morishima T, Watanabe KI, Niwa A,

Hira H, Saida S, Tanaka T, Kato I,
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Matsubara K, Adachi S, Kobayashi M,
Nakahata T, Heike T. Genetic correction
of HAX1 in induced pluripotent stem
cells from a patient with severe
congenital neutropenia  improves
defective granulopoiesis.
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2)

3)

4)

5)

Haematologica 2013 Aug.23. doi
10.3324/haematol .2013.083873 in
press

Saida S, Watanabe K, Sato-Otsubo A,
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Morishima T, Fujino H, Umeda K,
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[to M, Nakahata T, Heike T.: Clonal
selection in  xenografted TAM
recapitulates the evolutionary process
of myeloid leukemia in Down
syndrome. Blood.; 121(21):4377-87,
2013. May 23; doi:
10.1182/blood-2012-12-474387.

Yanagimachi MD, Niwa A, Tanaka T,
Ozaki F, Nishimoto S, Murata Y,
Yasumi T, Ito J, Tomida S, Oshima K,
Asaka |, Goto H, Helke T, Nakahata T,
Saito MK: Robust and highly-efficient
differentiation of functional monocytic
cells from human pluripotent stem cells

under serum- and feeder cell- free
conditions. PLoS ONE. 4/3/ 2013;
8(4): €59243.

doi:10.1371/journal .pone.0059243

Tomizawa D., Tawa A., Watanabe T.,
Saito A.M., Kudo K., Taga T., Iwamoto
S., Shimada A., Terui K., Moritake H.,
Kinoshita A., Takahashi H., Nakayama
H., Koh K., Kigasawa H., Kosaka Y.,
Miyachi H., Horibe K., Nakahata T.,
Adachi S. Appropriate  dose
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2003;362:1628, Blood 2003;102:916, N
Engl J Med. 2005 352: 1413) DKC

AA  MDS

(immunosuppressive therapy: IST)

BMF
DKC
DKC DKC
BMF
7
40%
exon

Hoyeraal-Hreidarsson syndrome(HHS)

DKC
DKC
20
DKC1 TERC
TERT NOP10 NHP2 TINFZ TCABI

ABI
on PGM™
direct sequence

[llumina  GAIl, GAIIx, HiSeq2000
exon (2013 7
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3. Shelterin
Shelterin
ACD(TPP1)
Shelterin DKC
( TINF2

DNA
— ATM 1

FILS syndrome
1 DNA
POLE 1

1. DNA
DNA WRN 1
1 RECQL4 3

P/F-Z 2 BLM 2 Clinical Daiganosis Mutation 1 Mutation 2 Mutation 3
1 HHS PIF1 P109S
2 DKC
R TEL'Z 3 R TEL'Z 3 DKC ACD F461L RECQL4 G1105R
4 DKC
2 (14 15) RTELI 5 o
6 cryptic DKC BLM G1129R PIF1 P109S ATM V1260M
7 tic DKC BLM L716F
102+1G>A 8 23&12 DKC
9 cryptic DKC TEP1W1079fs
10 cryptic DKC
102+ 1G >A F 709 L 11 cryptic DKC WRN 3139-1G>C RECQL4 T465M
12 cryptic DKC RECQL4 A72V
13 cryptic DKC TEP1 R1237X
14 cryptic DKC RTEL1 102+1G>A RTEL1 F709L
15 cryptic DKC RTEL1 102+1G>A RTEL1 F709L
6 16 cryptic DKC POLE R266X
17 cryptic DKC
BL M PIFl 18 cryptic DKC RTEL1 V643G

11 WRN
RECQL4 D.

2. DNA

TEP1 2 1 Shelterin
nonsense mutation 1 frameshift
mutation
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DNA E.

RTEL1 HHS
DKC DKC
2013
DKC HHS DNA
Shelterin
RTEL1
HHS
2

( 14 15) 102+1G>A F.
F709L

RTEL1 1) Fukuhara A, Tanino Y, Ishii T,
Inokoshi Y, Saito K, Fukuhara N, Sato

bKC S, Saito J, Ishida T, Yamaguchi H,
HHS Munakata M. Pulmonary fibrosis in
14 15 dyskeratosis congenita with TINF2
DKC gene mutation. Eur Respir J. 2013; 42:
1757-1759.
RTEL1
2) ) :
.2013; 23(6): 816-820.
9/18 (50%) DNA
6 11
DNA
2 G.
DKC
TEPI
Shelterin ACD(TPP1)
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