SN 8 K& LUI=5H FERLE [ER- 54D
?%ik L7=#X (%%LE ) %E%E% (3%%{:‘ . %.Ea;g%%) H'.-I-f,ﬁﬂ 2
Microhomology-mediated end- Nakade S, Tsubota T, Sakane | Nature Communications. 2014 = 4t

joining-dependent integration of Y, Kume S, Sakamoto N, 5: 5560.
donorDNA in cells and animals Obara M, Daimon T, Sezutsu
using TALENsand CRISPR/Cas9. [H, Yamamoto T, Sakuma T
and Suzuki K.
Stochastic promoter activation Ochiai H, Sugawara T, Scientific Reports. 2014 ESPAN
affects Nanog expression Sakuma T and Yamamoto T. 4: 7125.
variability in mouse embryonic
stem cells.
Multiplex genome engineering in  |Sakuma T, Nishikawa A, Scientific Reports. 2014 E 4+
human cells using all-in-one Kume S, Chayama K and 4:5400.
CRISPR/Cas9 vector system. Yamamoto T.
FAST-id system for enrichment of [Tokumasu D, Sakuma T, Genes Cells. 2014 = 4t
cells with TALEN-induced Hayashi Y, Hosoi S, Hiyama E 19: 419-431.
mutations and large deletions. and Yamamoto T.
Current Understanding of Kubota T, Miyake K, Hirasawa Intech (Open Access 2014 El 4+
Epigenomics and Epigenetics in  |T. Publisher), 2014, [SBN 978-
Neurodevelopmental Disorders. In 953-51-1363-8, edited by
" Epigenomics and Epigenetics”. Christopher J. Payne.
Chapter 24: Mental disorders and |Kubota T, Hirasawa T, Miyake | Elsevier (Academic Press) 2014 = 5t
Transgenerational Epigenetic K. p343-354.
Inheritance. In " Transgenerational
Epigenetics: Evidence and
Debate”.
Epigenetics as a basis for Kubota T, Miyake K, Hariya M, Expert Rev Mol Diagn 2014 5+
diagnosis of neurodevelopmental |Mochizuki K. 14:685-697.
disorders: challenges and
opportunities.
Putative PPAR target genes Hariya N, Miyake K, Kubota T, J Nutr Sci Vitaminol 2014 [ESE
express highly in skeletal muscle |Goda T, Mochizuki K. in press
of insulin-resistant MetS model
SHR/NDmc-cp rats.
Two novel gain-of-function Yamazaki Y, Yamada M, J. Immunology. 2014 [E3P2Y
mutations of STAT1 responsible Kawai T, Morio T, Onodera M, 193: 4880-4887.
for chronic mucocutaneous Ueki M, Watanabe N, Takada
candidiasis disease: Impaired H, Takezaki S, Chida N,
production of IL-17A and IL-22, Kobayashi |, Ariga T.
and the Presence of anti-IL-17F
autoantibody.
Interstitial lung disease with Kawai T, Watanabe N, J Clin Immunol. 2014 =4t
multiple microgranulomas in Yokoyama M, Nakazawa Y, 34: 933-940.
chronic granulomatous disease. Goto F, Uchiyama T, Higuchi
M, Maekawa T, Tamura E,
Nagasaka S, Hojo M, Onodera
M.
Palivizumab use in Japanese Mori M, Onodera M, Morimoto Pediatr Infect Dis J. 2014 E 5
infants and children with A, Kosaka Y, Morio T, Notario 33: 1183-1185.
immunocompromised conditions. |GF Sharma S, Saji T.
Basiliximab treatment for steroid- |Shigeta T, Sakamoto S, Pediatrics Transplantation 2014 ESPaY
resistant rejection in pediatric Uchida H, Sasaki K, Hamano 18: 860-867.
patients with acute liver failure K, Kanazawa H, Fukuda A,
after liver transplantation. Kawai T, Onodera M,
Nakazawa A, Kasahara M.
Chronic granulomatous disease  |Katsuya Y, Hojo M, Kawai S, J Med Case Rep. 2014 [= 41
with pulmonary mass-like opacities |Kawai T, Onodera M, 8:242.
secondary to hypersensitivity Sugiyama H.
pneumonitis.
Stage-specific roles for Cxcr4 Lai CY, Yamazaki S, Okabe Stem Cells 2014 [ESERY

signaling in murine hematopoietic
stem/progenitor cells in the
process of bone marrow
repopulation.

M, Suzuki S, Maeyama Y,
limura Y, Onodera M, Kakuta
S, lwakura Y, Nojima M, Otsu
M, Nakauchi H.

32: 1929-1942.

132




2 N7 S =) %% LT:i%Fﬁ %i L= |EW- 5o
*Elﬁ Lf_uﬁﬂi (%iég) %E%E% ($%5$ . ;ﬁgﬁ%%) E#%ﬁ 7)']
Expression of N- Onuki K, Sugiyama H, Ishige J Gastroenterol. 2014 =4+
acetylglucosaminyltransferase V in |K, Kawamoto T, Ota T, 49:702-714.
the subserosal layer correlates Ariizumi S, Yamato M, Kadota
with postsurgical survival of S, Takeuchi K, Ishikawa A,
pathological tumor stage 2 Onodera M, Onizawa K,
carcinoma of the gallbladder. Yamamoto M, Miyoshi E,
Shoda J.
A case of macrophage activation |Akagi K, Kawai T, Watanabe J Pediatr Hematol Oncol 2014 ESPAN
syndrome developing in a patient |N, Yokoyama M, Arai K, 36: e169-172.
with chronic granulomatous Harayama S, Oana S,
disease-associated colitis. Onodera M.
Augmentation of antitubercular Takeda K, Nakazawa Y, Clinical Immunology. 2014 [ESEAY
therapy with IFNy in a patient with |Komuro H, Yamamoto M, 151: 25-28.
dominant partial IFNy receptor 1 |Shoji K, Morita K, Miyairi |,
deficiency. Katsuta T, Ohya Y, Ishiguro A,
Onodera M.
KLRG+ invariant natural killer T Shimizu K, Sato Y, Shinga J, | Proc Natl Acad Sci U S A. 2014 [ 4}
cells are long-lived effectors. Watanabe T, Endo T, Asakura 111(34):12474-9.
M, Yamasaki S,
Kawahara K, Kinjo Y,
Kitamura H, Watarai H, Ishii
Y, Tsuji M, Taniguchi M,
Ohara O, Fuijii S.
Sox5 and c-Maf cooperatively Tanaka S, Suto A, lwamoto T, J Exp Med. 2014 = 4}
induce Th17 cell differentiation via |Kashiwakuma D, Kagami S, 211(9):1857-74.
RORYyt induction as downstream  |Suzuki K, Takatori H, Tamachi
targets of Stat3. T, Hirose K, Onodera A,
Suzuki J, Ohara O, Yamashita
M, Nakayama T, Nakajima H.
Successful treatment of Koura U, Sakaki-Nakatsubo J Investig Allergol Clin 2014 = 4t
systemic cytomegalovirus infection {H, Otsubo K, Nomura K, Immunol.
in severe combined Oshima K, Ohara O, Wada T, 24(3):200-2.
immunodeficiency using Yachie A, Imai K, Morio T,
allogeneic bone marrow Miyawaki T, Kanegane H.
transplantation followed by
adoptive immunotherapy.
A complement factor B mutation in |Funato M, Uemura O, J Clin Immunol. 2014 [ 5%
a large kindred with atypical Ushijima K, Ohnishi H, Orii K, 34(6):691-5.
hemolytic uremic syndrome. Kato Z, Yamakawa S, Nagai
T, Ohara O, Kaneko H, Kondo
N.
Basophil-derived interleukin-4 Motomura Y, Morita H, Moro Immunity. 2014 =4+
controls the function of natural K, Nakae S, Artis D, Endo TA, 40(5):758-71.
helper cells, a member of ILC2s, in{Kuroki Y, Ohara O, Koyasu S,
lung inflammation. Kubo M.
AT-rich-interactive domain- Saito Y, Kagami S, Sanayama Arthritis Rheumatol. 2014 E4
containing protein 5A functions as |Y, lkeda K, Suto A, 66(5):1185-94.
a negative regulator of retinoic acid|{Kashiwakuma D, Furuta S,
receptor-related lwamoto |, Nonaka K, Ohara
orphan nuclear receptor yt-induced|O, Nakajima H
Th17 cell differentiation.
The Menin-Bach2 axis is critical for]Kuwahara M, Suzuki J, Nat Commun. 2014 [ESE
regulating CD4 T-cell senescence |Tofukuiji S, Yamada T, Kanoh 2;5:3555.

and cytokine homeostasis.

M, Matsumoto A, Maruyama
S, Kometani K, Kurosaki T,
Ohara O, Nakayama T,
Yamashita M.

133




s 4oza B & LT=5BH #xRLZ |ERA - 540
BE L= (FEREB) RREK% (Lt . k) R P il
Whole-exome sequence analysis |Hasegawa S, Imai K, Yoshida | Journal of the neurological 2014 E3Pa

of ataxia telangiectasia-like K, Okuno Y, Muramatsu H, sciences.
phenotype. Shiraishi Y, Chiba K, Tanaka 340, 86-90.
H, Miyano S, Kojima S,
Ogawa S, Morio T, Mizutani S,
Takagi M.
Myoclonic axial jerks for Nakayama T, Sato Y, Brain & development. 2014 =4t
diagnosing atypical evolution of Uematsu M, Takagi M, In press
ataxia telangiectasia. Hasegawa S, Kumada S,
Kikuchi A, Hino-Fukuyo N,
Sasahara Y, Haginoya K, Kure
S.
A novel WTX mutation in a female |Fujita A, Ochi N, Fujimaki H, Am J Med Genet A. 2014 [E3F
patient with osteopathia striata withfMuramatsu H, Takahashi Y, 164A(4):998-1002.
cranial sclerosis and Natsume J, Kojima S,
hepatoblastoma. Nakashima M, Tsurusaki Y,
Saitsu H, Matsumoto N,
Miyake N.
Gene alterations involving the Hanada |, Terui K, lkeda F, Genes Chromosomes 2014 =4t
CRLF2-JAK pathway and recurrent|Toki T, Kanezaki R, Sato T, Cancer.
gene deletions in Down syndrome- |Kamio T, Kudo K, Sasaki S, 53(11):902-910.
associated acute lymphoblastic Takahashi Y, Hayashi Y,
leukemia in Japan. Inukai T, Kojima S, Koike K,
Kosaka Y, Kobayashi M,
Imaizumi M, Mitsui T, Hori H,
Hara J, Horibe K, Nagai J,
Goto H, Ito E.
Clinical characteristics and Hasegawa D, Chen X, Br J Haematol. 2014 EEE2Y
treatment outcome in 65 cases Hirabayashi S, Ishida Y, 166(5):758-766.
with refractory cytopenia of Watanabe S, Zaike Y,
childhood defined according to the | Tsuchida M, Masunaga A,
WHO 2008 classification. Yoshimi A, Hama A, Kojima S,
lto M, Nakahata T, Manabe A.
Whole-exome sequence analysis |Hasegawa S, Imai K, Yoshida J Neuro! Sci. 2014 =5+
of ataxia telangiectasia-like K, Okuno Y, Muramatsu H, 15;340(1-2):86-90.
phenotype. Shiraishi Y, Chiba K, Tanaka
H, Miyano S, Kojima S,
Ogawa S, Morio T, Mizutani S,
Takagi M.
Clinical characteristics of 15 Honda Y, Tsuchida M, Zaike Br J Haematol. 2014 EIN
children with juvenile Y, Masunaga A, Yoshimi A, 165(5):682-687.
myelomonocytic leukaemia who Kojima S, Ito M, Kikuchi A,
developed blast crisis: MDS Nakahata T, Manabe A.
Committee of Japanese Society of
Paediatric Haematology/Oncology.
Germline mutation of CBL is Hyakuna N, Muramatsu H, Pediatr Blood Cancer. 2014 = 4t
associated with moyamoya Higa T, Chinen Y, Wang X, In press
disease in a child with juvenile Kojima S.
myelomonocytic leukemia and
Noonan syndrome-like disorder.
RUNX1 mutation associated with [Ilsmael O, Shimada A, Int J Hematol. 2014 = 44

clonal evolution in relapsed
pediatric acute myeloid leukemia
with t(16;21)(p11;922).

Elmahdi S, Elshazley M,
Muramatsu H, Hama A,
Takahashi Y, Yamada M,
Yamashita Y, Horide K,
Kojima S.

99(2):169-174.

134




N = KL I-BFT #EXLRE ER SO
*‘E%ﬁ Lf_nmi (%a’irﬁﬁ) %i%&% (i,%.a:g . ﬁaﬁ%%) ﬁ%ﬁ 2
Long-term outcome after Jeong DC, Chung NG, Cho B, Haematologica. 2014 =4t

immunosuppressive therapy with  [Zou Y, Ruan M, Takahashi Y, 99(4):664-671.
horse or rabbit antithymocyte Muramatsu H, Ohara A,
globulin and cyclosporine for Kosaka Y, Yang W, Kim HK,
severe aplastic anemia in children. |Zhu X, Kojima S.
Prognostic impact of gained Kato M, Imamura T, Manabe Br J Haematol. 2014 =5+
chromosomes in high-hyperdiploid |A, Hashii Y, Koh K, Sato A, 166(2):295-298.
childhood acute lymphoblastic Takahashi H, Hori H, Taki T,
leukaemia: a collaborative Inoue M, Hayashi Y, Horibe K,
retrospective study of the Tokyo - |[Tsuchida M, Kojima S, Oda M,
Children's Cancer Study Group Ohara A.
and Japan Association of
Childhood Leukaemia Study.
Choreito formula for BK virus- Kawashima N, lto Y, Sekiya Y, Biol Blood Marrow 2014 = 4+
associated hemorrhagic cystitis Narita A, Okuno Y, Transplant.
after allogeneic hematopoietic Muramatsu H, Irie M, Hama A, In press
stem cell transplantation. Takahashi Y, Kojima S.
Bloodstream infection after stem |Kobayashi R, Yabe H, Kikuchi Biol Blood Marrow 2014 E4st
cell transplantation in children with |A, Kudo K, Yoshida N, Transplant.
idiopathic aplastic anemia. Watanabe K, Muramatsu H, 20(8):1145-1149.
Takahashi Y, Inoue M, Koh K,
Inagaki J, Okamoto Y,
Sakamaki H, Kawa K, Kato K,
Suzuki R, Kojima S.
Simple diagnosis of STAT1 gain- |Mizoguchi Y, Tsumura M, J Leukoc Biol. 2014 E 5
of-function alleles in patients with |Okada S, Hirata O, Minegishi 95(4).667-676.
chronic mucocutaneous S, Imai K, Hyakuna N,
candidiasis. Muramatsu H, Kojima S,
Ozaki Y, Imai T, Takeda S,
Okazaki T, Ito T, Yasunaga S,
Takihara Y, Bryant VL, Kong
XF, Cypowyj S, Boisson-
Dupuis S, Puel A, Casanova
JL, Morio T, Kobayashi M.
Dual roles for the telomeric repeats|Ohye T, Inagaki H, lhira M, Sci Rep. 2014 E 4
in chromosomally integrated Higashimoto Y, Kato K, 4:4559.
human herpesvirus-6. Oikawa J, Yagasaki H,
Niizuma T, Takahashi Y,
Kojima S, Yoshikawa T,
Kurahashi H.
Peripheral blood lymphocyte Sakaguchi H, Nishio N, Hama Haematologica. 2014 [ 4+
telomere length as a predictor of |A, Kawashima N, Wang X, 99(8):1312-1316.
response to immunosuppressive  {Narita A, Doisaki S, Xu Y,
therapy in childhood aplastic Muramatsu H, Yoshida N,
anemia. Takahashi Y, Kudo K,
Moritake H, Nakamura K,
Kobayashi R, Ito E, Yabe H,
Ohga S, Ohara A, Kojima S,
Japan Childhood Aplastic
Anemia Study G.
Long-term parvovirus B19 Suzuki M, Ito Y, Shimada A, J Pediatr Hematol Oncol. 2014 =4

infections with genetic drift after
cord blood transplantation
complicated by persistent CD4+
lymphocytopenia.

Saito M, Muramatsu H, Hama
A, Takahashi Y, Kimura H,
Kojima S.

36(1):65-68.

135




s . %k LI 15/ #RLE |EN- 50
*’E%ﬁ L _nﬁﬂj{ (%ii&ag) %i%&% (?%E.‘.‘i . B gl;g%%) E#,ﬁ}i |
Clinical course of juvenile Ueda S, Sakata N, Muramatsu Int J Hematol. 2014 ESPAN

myelomonocytic leukemia in the H, Sakaguchi H, Wang X, Xu 100(5):502-6
blast crisis phase treated by acute |Y, Kojima S, Yamaguchi T,
myeloid leukemia-oriented Higa T, Takemura T.
chemotherapy and allogeneic
hematopoietic stem cell
transplantation.
Loss of function mutations in Wang R, Yoshida K, Toki T, Br J Haematol. 2014 E4t
RPL27 and RPS27 identified by Sawada T, Uechi T, Okuno Y, In press
whole-exome sequencing in Sato-Otsubo A, Kudo K,
Diamond-Blackfan anaemia. Kamimaki |, Kanezaki R,
Shiraishi Y, Chiba K, Tanaka
H, Terui K, Sato T, Iribe Y,
Ohga S, Kuramitsu M,
Hamaguchi |, Ohara A, Hara
J, Goi K, Matsubara K, Koike
K, Ishiguro A, Okamoto Y,
Watanabe K, Kanno H, Kojima
S, Miyano S, Kenmochi N,
Ogawa S, Ito E.
Immunosuppressive therapy with  |Yagasaki H, Shichino H, Ann Hematol. 2014 =4
horse anti-thymocyte globulin and [Ohara A, Kobayashi R, Yabe 93(5):747-752.
cyclosporine as treatment for H, Ohga S, Hamamoto K,
fulminant aplastic anemia in Ohtsuka Y, Shimada H, Inoue
children. M, Muramatsu H, Takahashi
Y, Kojima S.
First-line treatment for severe Yoshida N, Kobayashi R, Haematologica. 2014 = 4+
aplastic anemia in children: bone |Yabe H, Kosaka Y, Yagasaki 99: 1784-1791
marrow transplantation from a H, Watanabe Ki, Kudo K,
matched family donor vs. Morimoto A, Ohga S,
immunosuppressive therapy. Muramatsu H, Takahashi Y,
Kato K, Suzuki R, Ohara A,
Kojima S.
Successful treatment of systemic |Koura U, Sakaki-Nakatsubo J Investig Allergol Clin 2014 Elst
cytomegalovirus infection in severe|H, Otsubo K, Nomura K|, Immunol.
combined immunodeficiency using {Oshima K, Ohara O, Wada T, 24:200-2.
allogeneic bone marrow Yachie A, Imai K, Morio T,
transplantation followed by Miyawaki T, Kanegane H
adoptive immunotherapy.
Risks and prevention of severe RS [Mori M, Morio T, Ito S, J Infect Chemother. 2014 =4t
virus infection among children with |Morimoto A, Ota S, Mizuta K, 20:455-9.
immunodeficiency and Down's lwata T, Hara T, Saji T.
syndrome.
Transcription activator-like effector |Matsubara Y, Chiba T, Scientific Reports. 2014 = 4}
nuclease-mediated transduction of |Kashimada K, Morio T, 4:5043.
exogenous gene into IL2RG locus. |Takada S, Mizutani S, i
Asahara H.
Palivizumab Use in Japanese Mori M, Onodera M, Morimoto Pediatr Infect. Dis. 2014 EZEN
Infants and Children with A, Kosaka Y, Morio T, Notario 33:1183-85.
Immunocompromised Conditions. |GF, Sharma S, Saji T.
Molecular and virological evidence |Endo A Watanabe K, Ohye T, Clin. Infect. Dis. 2014 = 4t
of viral activation from Matsubara T, Shimizu N, 59:545-8.
chromosomally integrated HHV-6A |Kurahashi H, Yoshikawa T,
in a patient with X-SCID. Katano H, Inoue N, Imai K,
Takagi M, Morio T, Mizutani S.
Whole-exome sequence analysis |Hasegawa S, Imai K, Yoshida J Neurol Sci. 2014 E4t
of ataxia telangiectasia-like K, Okuno Y, Muramatsu H, 340:86-90.

phenotype.

Shiraishi Y, Chiba K, Tanaka
H, Miyano S, Kojima S,
Ogawa S, Morio T, Mizutani S,
Takagi M.

136




SN o & LUI-5m #xRLZ |EA- SO
BE LAY (RRER) RRERA (st . L) B 2
Cord blood transplantation is Nakatani K, Imai K, Shigeno Bone Marrow Transplant. 2014 E 4
associated with rapid B cell M, Sato H, Tezuka M, Okawa 49:1155-61.
neogenesis compared with bone [T, Mitsuiki N, Isoda T,
marrow transplantation. Tomizawa D, Takagi M,
Nagasawa M, Kajiwara M,
Yamamoto M, Arai A, Miura
O, Kamae C, Nakagawa N,
Homma K, Nonoyama S,
Mizutani S, Morio T.
Current research on chronic active |[Fujiwara S, Kimura H, Pediatr Int. 2014 E s
Epstein-Barr virus infection in Imadome K, Arai A, Kodama 56:159-66.
Japan. E, Morio T, Shimizu N,
Wakiguchi H: )
Pneumothorax in patients with Hoshino A, Imai K, Ohshima Pediatr Int. 2014 E 4t
severe combined Y, Yasutomi M, Kasai M, Terai 56:510-4.
immunodeficiency. M, Ishigaki K, Morio T,
Miyawaki T, Kanegane H.
Successful treatment of non- Koga Y, Takada H, Suminoe Pediatr Transplant. 2014 = 4t
Hodgkin's lymphoma using R- A, Ohga S, Hara T. 18(6):E208-11.
CHORP in a patient with Wiskott-
Aldrich syndrome followed by a
reduced-intensity stem cell
transplant.
Early progression of Yamamura K, Takada H, Uike | Rheumatology (Oxford). 2014 E3f)3
atherosclerosis in children with K, Nakashima Y, Hirata Y, 53(10):1783-7.
chronic infantile neurological Nagata H, Takimoto T,
cutaneous and articular syndrome. |Ishimura M, Morihana E,
Ohga S, Hara T.
The structural basis for receptor  [Tsutsumi N, Kimura T, Arita K, Nat Commun. 2014 =4t
recognition of human interleukin-  |Ariyoshi M, Ohnishi H, 15;5:5340.
18. Yamamoto T, Zuo X, Maenaka
K, Park EY, Kondo N,
Shirakawa M, Tochio H, Kato
Z.
Purification, crystallization and Kimura T, Tsutsumi N, Arita K,| Acta Crystallogr F Struct 2014 El 4t
preliminary X-ray crystallographic |Ariyoshi M, Ohnishi H, Kondo Biol Commun.
analysis of human IL-18 and its N, Shirakawa M, Kato Z, 70(Pt 10):1351-6.
extracellular complexes. Tochio H.
A complement factor B mutation in |[Funato M, Uemura O, J Clin Immunol. 2014 [= 4+
a large kindred with atypical Ushijima K, Ohnishi H, Orii K, 34(6):691-5.
hemolytic uremic syndrome. Kato Z, Yamakawa S, Nagai
T, Ohara O, Kaneko H, Kondo
N.
Characterization of Crohn disease |Aguilar C, Lenoir C, Lambert J Allergy Clin Immunol. 2014 [EZES
in X-linked inhibitor of apoptosis- [N, Bégue B, Brousse N, 134(5):1131-1141.e9.
deficient male patients and female [Canioni D, Berrebi D, Roy M, :
symptomatic carriers. Gérart S, Chapel H, Schwerd
T, Siproudhis L, Schéappi M,
Al-Ahmari A, Mori M, Yamaide
A, Galicier L, Neven B, Routes
J, Uhlig HH, Koletzko S, Patel
S, Kanegane H, Picard C,
Fischer A, Bensussan NC,
Ruemmele F, Hugot JP,
Latour S.
Sustained elevation of serum Wada T, Kanegane H, Ohta K, Cytokine 2014 =4t
interleukin-18 and its association |Katoh F, Imamura T, 65(1):74-8.

with hemophagocytic
lymphohistiocytosis in XIAP
deficiency

Nakazawa Y, Miyashita R,
Hara J, Hamamoto K, Yang X,
Filipovich AH, Marsh RA,
Yachie A.

137




2 YN a %ﬁbf:i’g‘ﬁﬁ %% LT: @W - 9*0)
*’Eﬁ L _nﬁﬂjc (%iﬂ‘g E ) %ﬁ%&% (i,%.aﬁ . %‘Eg'%%%) H#% 1
XIAP Restricts TNF- and RIP3- Yabal M, Mller N, Adler H, Cell Rep 2014 B4

Dependent Cell Death and Knies N, GroR CJ, Damgaard 7(6):1796-808.
Inflammasome Activation. RB, Kanegane H, Ringelhan

M, Kaufmann T, Heikenwélder

M, Strasser A, Grof O,

Ruland J, Peschel C, Gyrd-

Hansen M, Jost PJ.
Activation induced deaminase C- |Zahn A, Eranki AK, Patenaude] Proc Natl Acad SciU S A 2014 ESPaN
terminal domain links DNA breaks |AM, Methot SP, Fifield H, 18:E988-E997
to end protection and repair during [Cortizas EM, Foster P, Imai K,
class switch recombination. Durandy A, Larijani M, Verdun

RE, Di Noia JM.
Temporal Lineage Tracing of Aire- |Nishikawa Y, Nishijima H, J Immunol. 2014 E 5
Expressing Cells Reveals a Matsumoto M, Morimoto J, 192, 2585-2592
Requirement for Aire in Their Hirota F, Takahashi S, Luche
Maturation Program. H, Fehling HJ, Mouri Y,

Matsumoto M.
Simple diagnosis of STAT1 gain- |Mizoguchi Y, Tsumura M, J Leukoc Biol. 2014 E3bAN
of-function alleles in patients with |Okada S, Hirata O, Minegishi 95, 667-676
chronic mucocutaneous S, Imai K, Hyakuna N,
candidiasis. Muramatsu H, Kojima S,

Ozaki Y, Imai T, Takeda S,

Okazaki T, lto T, Yasunaga S,

Takihara Y, Bryant VL, Kong

XF, Cypowyj S, Boisson-

Dupuis S, Puel A, Casanova

JL, Morio T, Kobayashi M.
Selective expansion of regulatory T|Horino S, Sasahara Y, Satoh Pediatr Transplant. 2014 E 4t
cells in mixed chimera after M, Niizuma H, Kumaki S, 18(1):E25-30.
allogeneic bome marrow Abukawa D, Satoh A,
transplantation in a patient with Imaizumi M, Kanegane H,
IPEX syndrome. Kamachi Y, Kobayashi I, Ariga

T, Tsuchiya S, Kure S.
Hereditary interstitial lung diseases|Akimoto T, Cho K, Hayasaka Pediatr Research 12014 =
manifesting in early childhood in |, Morioka K, Kaneshi Y, 76(5):453-8.
Japan. Furuta |, Yamada M, Ariga T,

Minakami H.
HENFEHICRSEEZRTRE ([ XESH, MEE—mK. INBRE. 2014 E R
T&2fE (MSMD7E £).
BEERFORBBEAD=X L |ERET RIELRIE 2014 EHX

22, 18-62
EXRMI/MUBRDEDRZH & ST [HEEZ. INEF 2014 ERN
R AR (FaER) Vol.55
No.01: 105-114.
AN ARBRE - BRREERT BRI ENGGE 2014 B
RETFE. (—i%) Vol.46
No.10 : 1475-1481.
RELRLEICHT HEMeHETE [HEE=. AA/NRIE - BA 2014 EXn
HE.(#2E5%) B Vo151
No.03: 244 —250.

B REEERECSITSF b |BhRF, iR, $8F EENEETETE B 2014 E®X

Y 0—LCODEET

B, BEBEEEF PREE W
g

27:106-106.

138




IV BEEREROTATY - Bk



Bone Marrow Transplantation (2014) 49, 1155~1161
© 2014 Macmillan Publishers Limited Al rights reserved 0268-3369/14

G

www.nature.com/bmt

ORIGINAL ARTICLE
Cord blood transplantation is associated with rapid B-cell
neogenesis compared with BM transplantation

K Nakatani’, K Imai%, M Shigeno', H Sato®, M Tezuka? T Okawa?, N Mitsuiki', T Isoda? D Tomizawa?, M Takagi?, M Nagasawa?,
M Kajiwara®, M Yamamoto®, A Arai®, O Miura®, C Kamae®, N Nakagawa®, K Honma®, S Nonoyama®, S Mizutani'? and T Morio™?

Hematopoietic cell transplantation (HCT) is used for treatment of hematopoietic diseases. Assessment of T- and B-cell reconstitution
after HCT is crucial because poor immune recovery has a major effect on the clinical course. In this study, we retrospectively

analyzed T-cell receptor excision circles (TRECs) as well as signal and coding joint kappa-deleting recombination excision circles
(sjKRECs and cjKRECs, respectively) as markers of newly produced lymphocytes in 133 patients (56 ptimary immunodeficient and 77
malignant cases, median (range): 12 (0-62) years old). We analyzed the kinetics of TREC and KREC recovery and determined the
factors that contributed to better immune recovery. KRECs became positive earlier than TRECs and increased thereafter. Younger
recipient age had a favorable effect on recovery of sjKRECs and ¢jKRECs. Compared with BM and peripheral blood, our data

suggested that cord blood (CB) provided rapid B-cell recovery. (B also provided better B-cell neogenesis in adult HCT recipients.
Chronic GVHD was associated with low TRECs, but not increased sjKRECs/cJKRECs. Finally, positive s]KRECs 1 month after HCT were
associated with fewer infectious episodes. Monitoring of TRECs and KRECs may serve as a useful tool for assessment of immune

reconstitution-post HCT.
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INTRODUCTION

Hematopoietic cell transplantation (HCT) serves as a curative
treatment for diseases such as hematopoietic malignancy,
congenital BM failure and primary immunodeficiency (PID).
Selection of a suitable donor by HLA matching and/or an
appropriate conditioning regimen has improved the outcome of
HCT for leukemia patients' and PID patients.>® Recently, success-
ful outcomes of cord blood transplantation (CBT) and BM
transplantation (BMT) have been observed even in HLA-
mismatched conditions.*®

Despite these improved outcomes, transplantation-related
morbidities such as graft failure, GVHD and infection are still
major problems that affect the prognosis and/or quality of life.
Infection monitoring after HCT is important for the initiation of
preemptive therapy at the appropriate time, while assessment of
immune reconstitution is essential because it is considered to be
associated with post-transplant infection, relapse of primary
disease and 0S.°

CD4+ T-cell counts, T-cell proliferative capacity, B-cell number
and serum lgG have been used as parameters of immune recovery
after HCT. Recently, more direct assessment of T- and B-cell
neogenesis has become feasible by analyses of T-cell receptor
excision circles (TRECs) and kappa-deleting recombination exci-
sion circles (KRECs), respectively.

DNA fragments between rearranging V, D and J gene segments
are deleted as circular excision products during rearrangement of
the T-cell receptor gene.'® These products are called TRECs.
Quantitative detection of TRECs enables direct measurement of

thymic output. The recovery of TRECs is associated with survival
and infection after HCT for treatment of malignancies."”™"® In a
previous study, TREC levels were lower in patients post CBT than
in those receiving BMT or PBSC transplantation (PBSCT)."*

KRECs are formed by lg kappa-deleting rearrangement during
B-cell development. Coding joint KRECs (cjKRECs) serve as an
indicator of B-cell numbers,'” and signal joint KRECs (sjKRECs) are
an indicator of B-cell neogenesis. However, the kinetics of KREC
recovery post HCT are largely unknown. A correlation between
KRECs and survival or infection after HCT has not been reported
previously. In addition, whether B-cell recovery as assessed by
KRECs is different among graft sources is still unknown.

Here, we investigated the kinetics of TREC and KREC recovery
post HCT and factors contributing to better recovery of TREC and
KREC levels, mainly focusing on KRECs. We also assessed the
association of KRECs with infection after HCT in patients with
malignancies or PID.

MATERIALS AND METHODS
Patients

A total of 133 patients who underwent allogeneic HCT from March 1996 to
August 2013 were enrolled in this study. The patients were followed up at
the Department of Pediatrics or Department of Hematology at Tokyo
Medical and Dental University or the Department of Pediatrics of the
National Defense Medical College in Japan. The median age at
transplantation was 12 years (range, 0-62 years). Table 1 shows the
patient characteristics, information on HCT and events associated with
transplantation. This study was approved by the ethics committees of
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Table 1. Patient characteristics and clinical course

PID (56) Malignancy (77) All (133)

Patient characteristics
Recipient age

< 18 years 45 44 89
> 18 years 11 33 44
Sex
Male 42 44 86
Female 14 33 47
Conditioning
RIC or minimal 33 10 43
conditioning
MA 23 66 89
Donor age (BM)
< 18 years 5 8 13
> 18 years 25 38 63
Cell source
BM 35 47 82
CB 19 17 36
PB 2 13 15
HLA allele
<5/6 20 31 51
6/6 23 33 56
Relation
Related 13 30 43
Unrelated 43 47 90
Steroid use 28 (52%) 32 (42%) 60 (46%)
ATG use 26 (48%) 5 (6%) 31 (24%)
Clinical course
Acute GVHD
Grade 0-2 44 53 97
Grade 3-4 8 10 18
Chronic GVHD 15 (28%) 35 (45%) 50 (38%)
Infection 29 (53%) 48 (62%) 77 (58%)
Bacterial infection 11 (20%) 20 (26%) 31 (23%)
Fungal infection 4 (7%) 6 (8%) 10 (8%)
Viral infection 18 (33%) 35 (45%) 53 (40%)
Relapse — 30 (39%) —
Survival 51 (91%) 49 (64%) 100
(75%)

Abbreviations: ATG = antithymocyte globulin; CB= cord blood; MA =mye-
loablative; PID=primary immunodeficiency; RIC=reduced-intensity
conditioning.

Tokyo Medical and Dental University and National Defense Medical
College. Informed consent was obtained in accordance with the
Declaration of Helsinki.

Measurement of TREC and KREC levels

TREC, sjKREC and cjKREC levels were measured by real-time PCR as
described previously®™® at 1, 3 and 6 months, and yearly after HCT.
RNase P was used as an internal control. Primer and probe sequences
are listed in Supplementary Table |. The minimum detectable limit was
10 copies/ug DNA. TRECs or KRECs < 10 copies/pug DNA were defined as
negative, and TREC or KREC levels of > 10 copies/ug DNA were defined as
positive.

Monitoring of infections

Genomic DNA of eight human herpes virus species, BK virus, JC virus and
parvovirus B19 in peripheral blood was measured by multiplex PCR and
real-time PCR as described previously.”® Adenovirus, hepatitis A virus,
hepatitis B virus, hepatitis E virus, Norwalk-like virus, Coxsackie virus, ECHO
virus, enterovirus, human metapneumovirus and human bocavirus were
measured by real-time PCR as described elsewhere?' The minimum
detectable limit was at least 30 copies/ug DNA.
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Definitions

Patients treated with a >5 Gy single dose of TBI, >8 Gy fractionated TBI or
>8mg/kg body weight of BU in addition to other cytoreduction agents
were categorized as receiving myeloablative (MA) regimens.? HLA typing
was performed by genotyping for HLA-A, B and DRB1 loci. GVHD was
graded according to standard criteria.®® We defined the incidence of
infection as having symptoms of infection with detectable pathogens and
severity > grade 3 as defined in the Common Terminology Criteria for
Adverse Event (CTCAE) version 4.0, National Institutes of Health and
National Cancer Institute.

Statistical analysis

Recipient age, recipient sex, disease, conditioning regimen, donor age, cell
source, HLA disparity, relationship, acute GVHD, chronic GVHD, and the use
of steroids or antithymocyte globulin (ATG) were chosen as clinical
parameters. We categorized the diseases of enrolled patients as PID or
malignancy. A MA regime was evaluated in comparison with reduced-
intensity conditioning regimens and minimal conditioning regimens. HLA-
mismatched HCT was compared with 6/6 HLA-matched HCT. Acute GVHD
was graded as 0-4 and divided into two groups (0-2 and 3-4). The
proportion of surviving patients was estimated by the Kaplan-Meier
method and compared using the log-rank test. Factors that were found to
be significant (P < 0.05) in univariate analysis were included in the
multivariate analysis. Multivariate analyses of factors contributing to better
TREC/KREC recovery were performed by excluding or including acute and
chronic GVHD, steroid use, and ATG use, because these factors are post-
HCT events and associated with other factors. Donor age was also
excluded because it is restricted for BMT.

RESULTS
Levels of sjKRECs and cjKRECs recover faster than those of TRECs

First, we evaluated the recovery of TREC, sjKREC and cjKREC levels
post transplantation.

One month after HCT, TRECs, sjKRECs and c¢jKRECs were
detectable in 17 (17.5%), 34 (35.1%),and 28 {28.9%) of 97 patients,
respectively. The median copy number was low ( < 10 copies/ug
DNA) in all assays (Figures 1a and b).

Eighty-two patients were examined 3 months after HCT. TRECs
were positive in 15 (18.3%) patients, whereas sjKRECs and ¢jKRECs
were positive in 57 (69.5%) and 59 (72.0%) patients, respectively
(Figures 1c and d).

TRECs became positive in 41.3% of patients at 6 months and in
66.7% of patients 1 year post HCT. SJKRECs and ¢jKRECs were
positive in 77.8% of patients at 6 months and in >90% of patients
at 1 year post HCT. The median level of TRECs was < 10 copies/ug
DNA at 6 months and reached up to 1270 copies/ug DNA at
1 year. Interestingly, sjKRECs continued to increase for at least
1 year, while ¢jKRECs peaked at 6 months, and then started to
decline (Figures 1e-h).

The recovery of sjKREC and cjKREC levels correlated as shown in
Figures 1b, d, f, and h. This finding indicates that B-cell maturation
is intact once B-cell engraftment is achieved. On the other hand, a
considerable number of patients exhibited B-cell neogenesis in
the absence of T-cell neogenesis, especially at the early stage post
HCT (Figures 1a, ¢, and e).

We examined the trend of TRECs and KRECs in individual
patients, of whom 71% had positive sjKRECs at 1 month and
showed increased sjKRECs at 3 months. Similarly, the levels of
sjKRECs detectable at 1 month increased at 6 months in 80% of
the patients (Figure 2b). On the other hand, positive TRECs at
1 month did not indicate further T-cell recovery at a later period.
When we examined patients with positive TRECs at 3 months, 10
of the 11 patients had increased TREC levels at 6 months,
suggesting that positive TRECs at 3 months may serve as a
predictor of T-cell reconstitution after 6 months (Figure 2a).

Longitudinal analysis showed that the recovery course of TRECs
from 1 month to 15 years post HCT is at least not inferior to CBT
when compared with that of BMT and PBSCT. Compared to BMT,
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KREC levels recovered more rapidly after CBT (Supplementary
Figures 1 and 2). Final sjKREC/cJKREC levels reached the levels of
the age-matched control when KRECs were fully recovered (data
not shown).

Younger recipient age and CB favor increased levels of sjKRECs
and ¢jKRECs
Next, we evaluated the factors that contributed to the levels of
TRECs, sjKRECs and cjKRECs by regression analysis, including the
factors listed in Materials and Methods (Supplementary Table [I).
A younger recipient and donor age was defined as < 18 years old.
In univariate analysis, a younger recipient age was a favorable
factor for increased levels of TRECs, sjKRECs or ¢jKRECs post
HCT. In fact, only the ¢jKREC levels of older recipients became
close to those of younger recipients at 2 years after HCT (Figure 3).
In BMT recipients, a younger donor age was a favorable factor
for increased levels of TRECs, sjKRECs and cjKRECs (Supplementary
Table 1l and Supplementary Figure 3). Compared with BM or PB,

© 2014 Macmillan Publishers Limited

the use of CB was a favorable factor for increased levels of
SJKRECs and cjKRECs after HCT (Figure 4 and Supplementary
Table 11).

A MA regime, PID, no or mild acute GVHD (grade 0-2), no
chronic GVHD, no use of steroids, and no use of ATG were also
favorable factors for increased levels of TRECs, sjKRECs or ¢jKRECs
at various time points after HCT (Supplementary Table II).

On the basis of the results obtained from the univariate analysis,
the following factors were used in multivariate analysis: recipient
age, disease, conditioning regimen, cell source and relationship.
Our results concerning TRECs largely reconfirmed previous
reports,'*** indicating that a younger recipient age, no ATG use
and a MA regime are associated with better TREC recovery. When
focusing on B-cell recovery, we found that a younger recipient age
was a favorable factor for increased levels of sjKRECs at 6 months
to 2 years and ¢jKRECs at 6 months to 1 year after HCT. In addition,
compared with BMT, CBT favored increased levels of sjKRECs at 1,
3 and 48 months. A MA regime was a favorable factor for
increased levels of sjKRECs at 3 to 6 months (Table 2).
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By including acute GVHD, steroid use and ATG use in the
analysis, grade 0-2 acute GVHD, no steroid use and no ATG use
were identified as factors favoring better KREC recovery at various
time points (Supplementary Table [ll). The analysis further
including chronic GVHD suggested that the condition does not
affect B-cell neoproduction (Supplementary Table V).

We then performed multivariate analysis of a group of patients
with malignancy. Compared with BM recipients, the results
showed that sjKRECs and ¢jKRECs were more frequently detect-
able in CB recipients at 3 months (Supplementary Table V).
Compared with BM recipients, in adult patients of > 18 years of
age (n=44), the use of CB was a favorable factor for increased
levels of sjKRECs at 1T month (Supplementary Table VI). These data
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Figure 3. Recipient age and the levels of TRECs and KRECs. Recipient

age and the levels of TRECs (a), sjKRECs (b) and ¢jKRECs (c). Closed
circles indicate < 18 years old, and open squares indicate > 18 years
old. Arrows show the detectable limit of the real-time PCR (10
copies/pug DNA). Values under this limit are considered ‘negative’
Numbers in parentheses indicate the number of subjects who show
a negative value (< 10 copies/ug DNA) for the indicated products.

show that CB use contributes to early recovery of neogenesis. In
contrast, we observed no significant difference of T-cell recovery
in adult patients when CB use was compared with BM at any time
point after HCT (Supplementary Figure 4).

Positivity for sjKRECs 1 month after HCT is associated with
decreased infectious episodes

We next investigated whether the levels of TRECs, sjKRECs or
CJKRECs were associated with the occurrence of infections. We
found that positive sjKRECs or TRECs 1 month after HCT correlated
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Figure 5. Cumulative incidence of infection after HCT. Cumulative

incidence of infection and the levels of TRECs (a), sjKRECs (b) and
¢jKRECs (€) 1 month after HCT. Solid lines indicate the positive levels
of TRECs (a), sjKRECs (b) and ¢jKRECs (), and the dotted lines
indicate their negative levels.

not correlate with negative TRECs, sjKRECs or ¢jKRECs at 3 months
after HCT (data not shown).

DISCUSSION

In this study, we examined TRECs and sjKRECs/cjKRECs in post-
transplantation patients with malignancies or PID. Our data
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showed the following. (1) The levels of sjKRECs and ¢jKRECs
increase earlier than those of TRECs. (2) A younger recipient age is
favorable for better recovery of sjKRECs and ¢jKRECs post HCT.
(3) The use of CB achieves rapid recovery of sjKRECs and ¢jKRECs
compared with that of BM or PB as a graft source. (4) Detectable
sJKRECs 1 month after HCT is related to a decreased frequency of
infectious episodes.

Patients with positive sjKRECs at 1 month had increased levels
of sjKRECs at 3 and 6 months, suggesting that positivity can
predict sound B-cell immune reconstitution. In addition, the levels
of sjKRECs and ¢jKRECs increased earlier than those of TRECs
(Figure 1, Supplementary Figures 1 and 2).

There have been no reports of the factors that contribute to
better KREC reconstitution. Compared with BM and PB, we found
that the levels of sjKRECs and cjKRECs recovered rapidly in
patients who received CB. Faster B-cell reconstitution after CBT has
been reported previously.'*** CB itself does not have high sjKREC/
¢JKREC levels. Our results suggest that rapid B-cell recovery by CBT
is because of B-cell neogenesis and not B-cell expansion in the
periphery.

A previous study has demonstrated that sjKREC levels are the
highest in < 1-year-olds and then declines with age in healthy
children.”” Thus, it is likely that younger donors have an
advantage in terms of B-cell reconstitution. Our results indicated
that a younger recipient age also contributed to increased levels
of sjKRECs and c¢jKRECs.

In addition, our data showed that acute 0-2 GVHD, no steroid
use and no ATG use were associated with positive sjKRECs and
CJKRECs (Supplementary Tables lll and IV). These data indicate that
steroid or ATG use affects not only T-cell recovery but also B-cell
immune reconstitution.

As expected, patients with chronic GVHD showed significantly
lower levels of TRECs at 6 months and 1 year. On the other hand,
and in contrast to our expectation, we observed lower sjKRECs and
GJKRECs from 3 months to 2 years in patients with chronic GVHD
(Supplementary Figure 5). This observation does not support the
data of Allen et al.,*® which revealed increased numbers of B cells
and expression of BAFF (B-cell-activating factor belonging to the
TNF family) in patients with chronic GVHD. This discrepancy may
be because the patients with chronic GVHD were on more active
immunosuppressants compared with those without chronic
GVHD. Additionally, there may be relatively high levels of KRECs
in patients with the severe extensive type of chronic GVHD.
However, we would need more patients and additional analyses of
B-cell numbers and activation to reach a conclusion.

Our study suggests that patients with positivity for TRECs or
sjKRECs at 1 month are less likely to develop post-transplant
infections. The contribution of earlier B-cell recovery to overall
immunity, especially anti-microbial immunity, needs further
investigation. Patients with early B-cell neogenesis may attain
early myeloid recovery. B-cells may also serve as antigen-
presenting cells in addition to antibody-producing cells.

A correlation between KREC levels and prognosis has not been
addressed previously. Although there was a tendency toward
better survival for the KREC-positive group at 1 month, we
observed no statistical significance. Further study with a larger
cohort is required to determine whether the difference can be
significant.

It is still unclear whether TREC levels are lower in patients post
CBT than in those receiving BMT.®> Our data focusing on aduit
patients showed that T-cell recovery was at least not inferior and
appeared to be similar in CB and BM recipients (data not shown).
On the other hand, compared with BM and PB, CB was superior for
B-cell recovery. This observation suggests quantitative superiority
of B-cell recovery following CBT. Further study should investigate
the repertoire diversity and somatic hypermutation of B-cell
receptors to evaluate qualitative differences and determine
whether rapid qualitative maturation has an effect on improved
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Abstract X-linked thrombocytopenia (XLT) is a mild form
- of the Wiskott-Aldrich syndrome (WAS) caused by mutations
in the WAS gene. A recent retrospective study of the clinical
outcome and molecular basis of a large cohort of XLT patients
demonstrated that although overall survival is excellent, event
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between 1990 and 2011 at 14 transplant centers in the United
States, Italy, Germany, Canada, and Japan. The engraftment
rate was 100 % and the overall survival rate was 83.3 %. Of
the four non-survivors, 2 underwent splenectomy prior to
HSCT and died of sepsis, and two of aspergillus infections
associated with severe GVHD. In all but one patient,
pretransplant complications were resolved by HSCT. Our data
indicate that HSCT following myeloablative conditioning is
curative and associated with acceptable risks as a treatment
option for XLT.

Keywords X-linked thrombocytopenia - hematopoietic stem
cell transplantation - Wiskott-Aldrich syndrome

Introduction

X-linked thrombocytopenia (XLT), caused by mutations in
the Wiskott-Aldrich syndrome (WAS) gene [1], is defined as a
mild WAS phenotype with symptoms limited to thrombocy-
topenia, absent or mild eczema and mild to moderate infec-
tions (WAS-score 1-2 [2]). While hematopoietic stem cell
transplantation (HSCT) is curative and the treatment of choice
for patients with classic WAS (WAS-score 3—4) [3-5], the
therapeutic recommendations for XLT are less clear and in-
clude avoiding contact sports, wearing a helmet, and possibly
undergoing splenectomy or HSCT. A recent retrospective
study of the clinical outcome and molecular basis of a large
cohort of XLT patients demonstrated that although overall
survival is excellent, event free survival is severely affected
[6]. With conservative treatment, nearly 75 % of XLT patients
reported complications throughout the course of the disease,
including life threatening intra~cranial hemorrhage, systemic
infections after splenectomy, autoimmune diseases and malig-
nancies [6]. This observation raises the question whether
HSCT offers a viable alternative therapeutic option in XLT.
Here, we retrospectively investigated the outcome of HSCT in
a cohort of 24 patients with the XLT phenotype and mutations
in the WAS gene.

Methods
Data Accrual

We enrolled patients with clinically defined XLT who had
reliable information and were transplanted between 1990
and 2011 at 14 transplant centers in the United States, Italy,
Germany, Canada, and Japan including those reported previ-
ously [6, 7]. Patient data were acquired by retrospective chart
review and then anonymized by the submitting physicians.
The study was either approved or a waiver of consent was
issued by the local ethics committee of each institution.

@_ Springer
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Patients

To be enrolled, patients had to meet all of the following criteria

[6].

(I) classified by their treating physician as XLT,

(II) WAS gene mutations consistent with an XLT phenotype
(either previously reported for XLT [6], or missense
mutations in exon 1-3, or variant splice site mutations),

(II) WAS score of 1, 2 or 5; we included patients with a

score of 5 if they were scored as 1 or 2 before the
development of autoimmunity or malignancy.

In this study we wanted to enroll all patients with a muta-
tion in the WAS gene and a mild WAS phenotype (Score 1-2)
at the time of HSCT, so patients<2 years of age were included.

Definitions

Life threatening infections were defined as requiring hospital-
ization such as meningitis, or pneumonia needing oxygen
supply or mechanical ventilation. Serious bleeding was de-
fined as a fatal or life-threatening bleeding episode requiring
hospitalization or red blood cell transfusion. Other serious
complications were a diagnosis of autoimmunity, malignancy
or death. Mutations are described according to the nomencla-
ture recommended by den Dunnen and Antonarakis [8].

Statistical Analysis

Kaplan Meier survival estimates were compared using the log
rank test (GraphPad Prism Version 5.0a; GraphPad Software,
San Diego, California, USA).

Results and Discussion

To be enrolled, patients had to meet the criteria described in
the method section, including an initial WAS/XLT score of ]
or2 %6,

Patient characteristics are shown in Table 1. Three patients
(patient 19, 20 and 24) had progressed to a score of 5 before
undergoing HSCT because they developed autoimmunity or
malignancy. WASp was expressed in all 19 patients studied by
Western blot or FACS, while the remaining 5 patients had
mutations expected to express at least some WAS protein [9].
Median age at the time of HSCT was 7.5 years (range, 1.3—
37 years). All 24 patients underwent myeloablative condition-
ing before receiving fully or partially matched hematopoietic
stem cells (Table 2). Post-transplantation follow-up ranged
from 21 to 204 months (median, 50 months). 20/24 patients
(83.3 %) enrolled are alive without serious post
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Table 1 Patient characteristics and disease status

No. cDNA mutation (predicted protein  WASP  Pre-transplant complications® Age and year of  Donor and TNC HLA
change) HSCT (x10%kg) match
Severe Infections Eczema Others
hemorrhage
1 464-2A>G (splice defect®) positive — - - - 1.3 BM-URD 4.1 11/12
2005
2 559+5G>A (splice defect®) positive Melena - + absence of isohemagglutinins - 1.5 UCB-URD 0.7 5/6
1998
3 1508-1511delGAGT (X502Trp)  positive — - - - 1.8 BM-URD 2.5 11/12
2004
4 91 G>A (Gly31Llys) positive ICH mild pox lesions after chickenpox + anti-platelet antibody 1.8 UCB-URD 0.47 /6
vaccine 2010
5 919A>G (Met307Val) not - - - - 2 BM-URD 6.6 12/12
done 2007
6 256C>T (Arg86Lys) positive — - - - 2.8 BM-URD 7.9 10/10
2011
7 257G>A (ArgB6His) positive Melena MRSA enterocolitis, CMV + - 3 BM-URD /6
hepatitis 2001 42
8§ 314 T>C (LeulO5Phe) positive — - - - 33 BM-URD 4.5 8/8
2002
9 361-1G>A (splice defect®) positive Melena - + - 3.5 UCB-MSD 1.0 717
1997
10 116 T>C (Leu39Pro) positive Melena - + - 4 BM-URD 6.5 9/9
1999
11 256C>T (Arg86Cys) positive — - + reactive airway disease 4 BM-URD 4.4 5/6
1998
12 1075-1079delC not - - - - 7 UCB-MSD 0.7 8/8
(Pro360HisfsX444) done 1999
13 256C>T (Arg86Cys) positive -~ CMV hepatitis - - 8 BM-MSD 4.2 6/6
2005
14 559+5G>A (splice defect?) positive ICH viral encephalitis + - 10 BM-MSD 4.1 6/6
2006
15 18G>A (Metblle) positive ICH Pneumococcal meningitis - MDS, splenectomy 11 BM-URD 2.3 516
2002
16 559+5G>A (splice defect®) positive — - - - 11 BM-URD 2.4 10/10
2011
17 559+5G>A (splice defect®) not ICH - - - 11.7 BM-MSD 1.4 8/8
done 1998
18  399G>T (Glul33Asp) not - - - - 11.8 BM-URD 718
done 1998 1.8
19° 1453G>A (Asp485Asn) positive — - + IgA nephropathy, atypical LPD, 14 BM-URD 0.34 6/6
urticaria 2008 (MNC)
20 71C>T (Ser24Phe) positive Melena - + IgA nephropathy, HSP, arthritis 19 BM-MSD 3.2 6/6
1999
21 257G>A (Arg86His) positive — bacterial lymphadenitis, + - 19 BM-URD 4.7 6/6
preumonia 1995
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HLA
match

Donor and TNC

(x10%kg)

Age and year of
HSCT

change)

No. c¢DNA mutation (predicted protein  WASP  Pre-transplant complications®

Table 1 (continued)
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Eczema Others

Infections

Severe

hemorrhage

10/10

BM-URD 1.4

20

vasculitis

not

22 777+1G>A (splice defect’)

2012

done
positive Melena

5/6

BM-MMFD

2.7

Pneumococcal pneumonia

1075-1079delC

23

2005
37

(Pro360HisfsX444)
143C>T (Thr48lle)

BCP-ALL, splenectomy

o/

PB-MSD 16

multiple episodes of sepsis and

positive —

24

meningitis

2004

ICH intracranial hemorrhage; MDS myelodysplastic syndrome; CMV cytomegalovirus; MRS4 methicillin-resistant Staphylococcus aureus; HSP Henoch-Schonlein purpura; BCP-4LL B-cell precursor

acute lymphoblastic leukemia; LPD lymphoproliferative disease

#Complications other than mild upper respiratory infections, eczema, and petechiae

® Reported by Otsubo et al. '°

¢ This splice site defect is expected to result in truncated WASP

94 This splice site defect in intron 6 that results in the production of some normal WASP in addition to a insertion of 36 nt from intron 6, resulting in frameshift and stop at amino acid 190 (ref 9)

© This splice site defect results in the insertion of intron 3, resulting frameshift and stop at amino acid 201 (ref. 9)

“This splice site defect results in the deletion of exon 8, resulting frameshift and stop at amino acid 246 (ref 9)
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transplantation events (Fig. 1). There was no statistically
significant difference in survival between patients<10 years
of age (85.1 %) and those 10 or older (78.8 %). Engrafiment
rate was 100 % and 23/24 patients achieved more than 95.8 %
donor chimerism (supplementary table 1). Although the num-
ber of patients suffering from grade II-IV acute GVHD (10/
24, 42 %) and chronic GVHD (10/24, 42 %) was high, all
surviving patients are presently free from chronic GVHD, are
off immunosuppressive medications, are fully immune
reconstituted and immunoglobulin independent. All 4 patients
who developed extensive chronic GVHD following HSCT
(patients 2, 11, 15, 21) had received grafts from unrelated
donors who were typed only at 6 HLA-loci. The 7 patients
(patients 1, 3, 5, 6, 10, 16, 22) who received grafts that
matched better than 9/10 HLA-loci did not develop extensive
chronic GVHD. It is therefore possible that the 4 patients with
extensive chronic GVHD had a donor that was mismatched by
today’s standards. Patient 24, who had a splenectomy during
infancy, died at age 37 years of overwhelming pneumococcal
sepsis 9 months after successful HSCT for acute B cell lym-
phoblastic leukemia, while off prophylactic antibiotics. Pa-
tient 15, who was splenectomized at age 6 years, died of
overwhelming pseudomonas sepsis 12 months post-transplan-
tation. Because his GVHD treatment had to be reduced due to
tacrolimus-induced encephalopathy, his GVHD exacerbated,
causing profound immunosuppression, which, in combination
with splenectomy, likely contributed to sepsis, despite being
on prophylactic antibiotics. Patient 2 and 11, who had severe
chronic GVHD, died of Aspergillus infections 8 and
24 months post-transplantation, respectively. Thus, three of
the 4 patients who died post-transplantation had extensive
chronic GVHD, and the two who had been splenectomized
prior to HSCT succumbed to systemic infections. Splenecto-
my prior to HSCT and chronic GVHD afier HSCT have been
recognized as risk factors for premature death following trans-
plantation especially from overwhelming sepsis [4]. More-
over, the recent retrospective study of 173 XLT patients dem-
onstrated the association of splenectomy with severe infec-
tions, independent of HSCT: 14 0f 41 splenectomized patients
developed systemic infections, two being fatal [6]. Risks and
benefits of splenectomy should therefore be weighed carefully
in XLT patients, especially if HSCT is being considered as a
future treatment. If splenectomized prior to HSCT, long term,
possibly life-long, antibiotic prophylaxis has to be considered.

None of the transplanted patients developed lympho-
proliferative [10] or autoimmune diseases following
HSCT, and pretransplant complications, such as hemor-
rhage secondary to thrombocytopenia and recurrent mild
to moderate infections resolved in all but one patient.
Patient 23 had one episode of pneumococcal pneumonia
after HSCT, but responded promptly to intravenous anti-
biotics. The median platelet count at last post-transplant
visit was 246x10° /ul (range, 39-387x10° /ul) and all
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Table 2 Patient transplant details

No. Conditioning® GVHD prophylaxis, Transplant related toxicity Symptoms® (post- Acute  Chronic GVHD Outcome (cause of death)
treatment transplant) GVHD
1 BUQ0)/CY (200/ATG CyA none none none none Alive, 40 months
(10
2 BU{20)/CY (200ATG CyA+mPSL none E.coli sepsis 2 extensive (no Dead, 8 months (Disseminated
©0) response to Aspergillosis)
therapy)
3 BUQ0YCY 200/ATG CyA none none none none Alive, 45 months
(10)
4  BU(16)/CY (200)/ATG CyA+MMF MRSA Cellulitis none 2 limited (resolved) Alive 50 months
90)
5 BU(16)/CY (200) CyA+MTX none none 1 none Alive, 60 months
6 Mel (140)/FLU (150) CyA+mPSL+MTX, Acute Nephritis none 1 AIHA (resolved) Aive 21 months
Campath (45) Rituximab
7 BU(16)/CY (200) CyA+MTX none none none none Alive, 105 months
8  BU (20)/CY (200/ATG CyA none none 1 none Alive, 60 months
(10
9 BUQ0)Y/CY (200¥ATG CyA+PSL,PUVA  none none 2 limited (resolved) Alive, 204 months
(90
10 BU (16Y/CY (150¥ATG CyA+PSL, MMF  none none 2 none Alive, 132 months
(309
11 BU(16)/CY (200/ATG CyA+MTX+ATG  Polyserositis, Adenovirus hemorrhagic cystitis, CMV  none 4 extensive (no Dead, 24 months (Aspergillus
(60) viremia, Pulmonary aspergillosis response to pneumonia)
therapy)
12 BU (16)/CY (200) CyA none none 2 none Alive, 124 months
13 BU (16)/CY (200) CyA+MTX none none none none Alive, 62 months
14 BU (16)/CY (200) CyA+MTX none none none none Alive, 36 months
15 BU (16)/CY (200)/ATG  Tacrolimus+MTX  Tacrolimus-induced encephalopathy, Bronchiolitis none 3 extensive (no Dead, 12 months (Pseudomonas
(40) obliterans, TMA response to aeruginosa sepsis)
) therapy)
16 BU (16)/FLU (160) CyA+MMF none none none none Alive, 34 months
Alemtuzumab (0.6)
17 BU (16)/CY (200)/ATG CyA+PSL Brief GI bleeding none none none Alive, 144 months
(60)
18  BU (16)/CY (200ATG CyA+PSL Adenovirus infection none 2 limited (resolved) Alive, 89 months
(60)
19 BU (12.8)/CY (200)/TBI Tacrolimus+MTX  viral cystitis none 2 none Alive, 38 months
(3Gy)
20 BU (16)/CY (200) CyA+MTX an inflammation of the glans penis and the prepuce none none extensive (resolved)  Alive, 124 months
21 BU (16)/CY (200) Tacrolimus® PRCA, ARF, hemorrhagic cystitis none I extensive® (resolved)  Alive, 144 months
22 BU (16)/FLU (160)/ CyA+MMF hemorrhagic cystitis, BK virus nephropathy, CMV none none none Alive, 25 months
Alemtuzumab (0.6) viremia
23 BU((16)/CY (200/ATG  Tacrolimus+MTX  hemorrhagic cystitis, TMA Pneurnococcal 2 extensive (resolved)  Alive, 50 months
(40) ‘pneumonia
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