CHERE4)
[FREHE %2 16ek0109133h0002]
Rk 294 5H 17H

ko2 8 A EFLAHFSE B JE K R W E

I EAER

X 4 (AAGE) EHeMREFEMEAE RS

(# &) Practical Research Project for Rare/Intractable Disease

MFERRREEES © (HARGE) e RMARIFERES (Diamond-Blackfan &) O FHURIKER T DIRIE & Wik
fiERZ BE 9 2 R
oo FE) Study for identification of novel causative genes for Diamond-Blackfan

anemia and clarification of the pathology

IR RS Y (BHAGE) Bk DiBd
FrlE &k K4 © (¥ EE) Department of Pediatrics, Hirosaki University Graduate School of

Medicine, Professor, Etsuro Ito

o HORl: ERk284F 4H 1H ~ k294 3H31H



II. FBROME (RIEHERE)

@ Diamond-Blackfan £ IfiL > KT K & A O [ E & I AESFE A

B b/ MRS 2 3 & LT/ NR LK - 8 AF 2181 5 TRBITEEIC BT 54 =7 |
V=7 = A FE LT, BEARRIC Diamond-Blackfan £ifl & F2Hr S 4v7z 26 B 12 6] (46%) (ZEEH D
BAR AR ZRDT,

FHEREE T2 AET 5720, FIREE TSR DBA BRBRIKIC O\ T, WEbane kU A
K (14%R) ORTr Y ov—r oA (WES) #{T-o7z, &5HIT, WES THEERAHD MU ARk (1
3ER) DEH J LMENTF L 19 B0 DBA IZOWT, RNA-— 7 > At & b 7,

WES T RPS154 % & e HT LR INERRAGE T2 [RE LTz, RPSISA G T OMIERT 2 7 57 1 v o2k
TRFERMAR EZ V2R TIT o7z, 7 BBURIRGHIR IR T RPS16A DER DR ZH 5720, & MR
FERRES &MY K562 (Z CRSPR/Cas9 v AT L TH /) ARE LEE THONIEAREZEA L, ¥ —F >
NP —=T V= AT3HIL 1 2 HHETHRMRZMIT L L 2 A, BE TBD LI RPSI5A %
BAHA LMo G T 2380, - 0L RS OMENC @ - LR Shi, Sbic, ¥
J DHREE T RPSI6A 55 % ~7 (T L7z K562 Mifd Tid, 7L U AR Y — A RNA (pre-rRNA) D7 't
VT OREERRDIZ, RIS, RPSISA DAT T4V PERERT T 7 4 vy 2 lZBAL, RiERE M
BEDIER T LRI B AHEESND 2 2M LN Lz, THEOFERL Y | RPSI5A 25HH10> DBA #
IGFTHDHZERHSMNL 72 | &I Haematologica I[ZHRE L7,

@ DBARRE T — # N — 25 (BRIRTE Hds L UMR{RIEE)

Fex 134 F TITHERMAREFERRS (Diamond Blackfan &ifi; LAT DBA) BBEIZIIT H2Wi A A~ —T1—
ELTHRINERT 7 7 77 I —81EME (eADA) . ZBuB 7 &2 F 4 (GSH) OFRIRFHIENFH TH 2D
ZLEWALMCLTE L, SHEEILHT-IC DBA BV 10 JEFI 2T L. ARMEEZHER LIz, k. 20|
ARG, R A MR B BORMI RS B RMEE B A 2HFIEEE] 0 DBA 2WrEEHEIZ/NCRpEEL LT
BRI Z LithkoT,

DBA DI AKAFEN X L Tld, MRIG D7 I & AR HELE T D, Z4UE T DBA 1ok LTl
B BEERRTALE IC X D& MM 3 TO CTE 72, EEMIEETHY , BRAY A7 DH 2 DBA
TIEL, BREE 2 L7 AL E I X A MR N B B Th 5, - DIk, ElikiED kPS19 BRI X
% 3D DBAIZxE L, RN T AL 7 7 > (BU) OMLHFRERIE 21TV, Bk G- Eix & 21T > 72 target
BU+Z VAT B+ HY LR a7 ) N K BRILEO DL FEfkxE e B A fEf T LT, 2
BICTHEEDG DT, 1 BHEREE 720 | I BRI X 2 BB 2 8 L LTz, DBA WSXFd 2 i il
TR OO IR & RiTALEE ORGT 2 ke CTd 5,

DBA % | BEADOEOVEBRELEY AT LA TH D AA/NTMIK « BSAFREREBEET — 2 M5
THEHMARALIEVT 2006 E2 5 2015 FE TOWRBEZBIRT 5L, ZOMIZ 8 8HIABMr 4L, 7 6-9
BT otz Foxld, BIRIERE BIEHEREZ ST 180 0D DBA BFHEF —F N— 225 L=, £ TOIE
Bl CHEE 2 A T L, 103 # (57%) TIREEE 72 FE L, 1EHE&EZ SO0\ CEMGRE 21T
S72,  DBA DITfRIREHIDINEE HHED TV 5,



Summary of the research progress
1. Identification of novel causative genes for Diamond-Blackfan anemia and clarification of the pathology
We conducted a target sequence for rare pediatric hereditary hematological disorders as the central review
project of the Japanese society of pediatric hematology / oncology. Of the 26 patients who had clinically diagnosed
Diamond-Blackfan anemia (DBA), 12 (46%) had previously known genetic mutations. To identify new mutations
responsible for DBA, we performed whole-exome sequencing (WES) of 14 trio-samples including patients and
their parents with no documented mutations/deletions involving known DBA genes. Furthermore, we carried out
whole genome sequencing for 3 trio samples and RNA-sequencing for 19 DBA patients, whose causative mutations
we failed to identify by WES.

Novel DBA candidate genes including RPS15A were identified by WES. We used a human erythroid cell line
and zebrafish as model systems to determine the consequences of the DBA-associated mutation. We first performed
CRISPR/Cas9 genome editing in the human erythroid cell line K562 to validate the effect of the
RPS15A-deficiency on erythroid lineage cells. We analyzed allele frequency in bulk DNA of each culture by
targeted next generation sequencing once every 3 days up to 12 days. The allele frequency of the DBA-associated
RPS15A mutation was significantly decreased. These results suggested that the RPS15A mutation observed in the
patients suppressed cell proliferation. Furthermore, a stable K562 subline with a heterozygous RPS15A mutation
showed disturbed pre-ribosomal RNA processing. We inhibited the splicing of the DBA candidate gene in
zebrafish, whose mutation was identified by exome sequencing of the patients. The zebrafish showed a
marked reduction of erythrocyte production and morphological abnormalities. These results suggest that this gene
is in fact responsible for DBA onset. These findings were recently published in Haematologica.

2. Construction of DBA database of clinical information with patients’ samples

We have elucidated that simultaneous measurement of red blood cell adenosine deaminase activity (eADA)
and reduced glutathione (GSH) is useful as diagnostic biomarker for patients with DBA. In this fiscal year, we
analyzed 10 new cases suspected of DBA and showed the usefulness of simultaneous eADA/GSH measurement.
Finally, the Congenital Bone Marrow Failure Syndrome Study Group supported by Research on Intractable
Diseases of the Ministry of Health, Labour and Welfare adapted the discriminant using eADA/GSH as minor
supporting criteria for the diagnosis of DBA.

Allogeneic hematopoietic stem cell transplantation (HCT) has been recommended to transfusion-dependent
patients as the curative treatment. Although myeloablative conditioning regimens have been used for patients to
avoid the graft failure, reduced intensity conditioning (RIC) regimens may be suitable for the patients because of
the cancer predisposition. We conducted HCTs from unrelated donors with RIC regimens consisting of targeted
busulfan, fludarabine and anti-thymocyte globulin (rabbit) for 3 patients. Complete donor chimerism was
successfully achieved in all patients, although one needed consecutive umbilical cord blood transplantation because
of the early graft failure. We have continued to explore the optimal timing and HCT regimens for DBA.

DBA patient numbers was referred to the patient annual registration system conducted by Japan Society of
Pediatric Hematology Oncology (JSPHO). Between 2006 and 2015, total 88 DBA patients have been registered.
Average patient number is 6-9 per year. We constructed database of clinical and genetic information for 180DBA
patients. We performed genetic analysis for all these patients. The causative genes were identified in 103 patients
(57%). We conducted follow-up survey including treatment progress for these patients. We also collected samples
for DBA-related disorders.
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