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1. BRERFEBUEGRICBD SRS « (B, SH. BAMK, FH)

BRI AUERRE (MDS) 13, PHRARDZ o — MEMEE TH 5, MDS (23R4 B LTI
HHRBETANRL, FHBREEZHETDHZOOY — LR ERVONRBURTH S, FxiTEko
MDS KX MDS 75847 L7z kM Ar g irE A s iE o Bm 7 o — o S 7R R B iPS filia &
BISE U, RIS U7 BAFRAY 1PS MM & OiE M bR 2 feSr U, S bEGAEE 72 & O RERBLN
AARZRIRRE T VAR U e, BRI iPS Mifla & e BE O MDS fiflad = Y v —7 T A
ZATV, MDS OFJE - #ERICEE L EON 2B FAERZFE Lc, Eo, REFRA IPS Hiju & [F—
B RO IES iPS M % A L CAF 5 a7 3 i g BRAT AR 43 18] O ME R 70 18 T R BUARNT 21TV, IR
FERR LA iPS HIREL R B 72 B s TR B E DSER D DAL, & B IHRBERRAY iPS HI H Sk i iR A
Jaz AW ToNAg ZA—"y NEEFIR 7V —=2 T REFESL LT, FEHA TV —=2 T %G LT,

F 7, A, BB B RRE BEREMDS) O — L T & 2 18R BE FLERTE (1555 (CMML) 0> 3% S A 2>

B % HUER B 1PS i (CMML-iPSC) A #6537 L 72, VEGF #1 Fiz31) 5 C3H10T1/2 BV HlA & oo 4tk
F#IZ k> T, CMML-iPSC 75 CD34,CD43 Btk o0& maTBima 23 s biFiE Sz, Z OfMiZTo
CMML #HfE DR - B -CHERE T, REPURRBL R & OREZ HELL Tve, Z OfMifla % 7o i
BRBIGTHRELL T 5 ) LMEHTIC L > T, CMML OJFREICEI 5 L TV A BERIE G T2 < ol
L7z, ZD7)C, SLITRK4 D% B> CMML FEFEBIETHILHE LT\ D Z & 28 L7z, Bk
WWZ &1, CRISPR/Cas9 ¥ A7 4T CMML-PSC (2BWC SLITRK4 % 7 v 7 77 b4 5 &, 1Eiff
ERAIN~D SN E BTN S D 2 L3 0 | T OBIG T2 1S & 54 TR L - T CMML %
AT & 2 ATREMEDS RIB S T,



2. B MEn ARSI b 5HFZeR% : (FR)

FeR AN BRI (aplastic anemia: AA) 13, ARG EME T Hifi (cytotoxic T lymphocytes: CTLs)
\Z k> CHC DM - BiESHIN (hematopoietic stem/progenitor cells: HSPCs) 23HE S 2 b FL%¢
FET DM B O RERBE TH D, Zhid, 5B 6 RAEERERO A BMES A Y I —I12L % loss of
heterozygosity (6pLOH) O#E%:, #5ED HLA 7 7 A2 1T 7 LLOXREL7-MmE (HLA allele-lacking
leukocytes: HLA-LLs) 2SEHEREROK 25% I D Z &b < #HEH ST 223, CTL OFERY
PURRAHTH D, ZNEW LT H720121%, OHLA-LLs Z#FF2>EE )6, 348 HSPCs &, HLA
/R L7z HSPCs O Z ¥4 %, @R U~EE O LB AR HSPC #7219 CTL Ok,
HLA &2 HSPCs #55E L2V CTL 7 v — 2 &/ 9 5.0 Z D CTL 7 v — 2 % W848 HSPCs
cDNA AT TV —%RA7 V== TF5, WHTavARKLETHD,

% Z T, Fxid 6pLOH & HLA-B*40:02 AR |2 L VY B4002 % K& L7 BERIER 2 FFIER] 1 &, [A]

U< 6pLOH & HLA-B*54:01 A %2 X Y B5401 Z/KI L7JERF] 2 D 2 il AA BAEHER) S 1iPS iz
(iPSC) %ML L7z, TORER, ThEnn B4R 6pLOHG), B4002 % 721X B5402 O Hfl K KD
3 ¥ 2 #0D iPS MR OBILIZER B LT, N2 o iPS a5, 23 K < CD34 BEkiiia 2 7554
% Invitro DY FIEERT Lo & 2 A, BEFOY A N A 17 74 (StemPro) E5i TOREHE L [FlkE
(2, OP9 fifaissE ki & WEHI3B #ifld D552 LI 2 A 72 Coss# T b 3 HfH HIZiZ CD34*
AIEAS, BRI IR D) TO%FEEIZET 5 Z ERIA LN o7z, Z OEFEMIE O Mk L7z CD34*
#MiE GPSC-HSPC) #%. Sirpa %/ v 7 A > L7 C57TBL/6.Rag2 ¥~V A (BRGS ~ 7 Z) O'EHINIZKE
L7 & 2 A, Btk 9 B I3 ERER, JRIMER, B, T HIAIZ/E L., 8.5-8.9%HiItD ¥ A U X A
N/FHND Z LRSI,

JiER] 1 D iPSC-HSPCs T D CD8 T a4 2 [l L7= & Z A, 6pLOHH)HMIAER> B4002 K KA
Rl 5 Lp s, BRI O A2 % 5595 CTL MM S v7-723, CTL 7 v — > O K HIHERF )3 R #
Thole, 2Dz, CTL K EER] 1 OIERRTIOE#E T Mifd2> 5, PD-1*CD8* T flifu Z H—Hifu Y —7
47 L, THilRLEZ%— (TCR) O B#HEMIT LI=& 2 A, B Cit bHEENEV CDR3 EF— 7
ZFEFO T HIfEO B 85, o SHOMIEASNIL, CTL BT 3 HFHITMD K LOSEENE B 81, o DS &
FERIZ—F L Tz JE ] 1 O CTL THE D ED - 7o AL 4 FEfH & JEE] 2 OO B #f CD137+PD-
1*CD8* T ffifiads L O CD137PD-1-CD8&* T A7~ & Bl L 7 i — T Ml 5 &, TCRVB Dk v ik LA
EDEW 4 FEHO TCRa 84 « B #1 cDNA %, L b 7 AL AT X —% T Jurkat fIlIC k5 o &
Tl ML, EBI2DTCR T AT =72 b 4FHE, HEHO CD34HI LR LTI L 2 A,
By A JPSC-HSPCs (kT DRI 70 A X —T =1 v y FEAENI LIV, BUEER] 2 084 i PSC-
HSPCs 7°5 ¢cDNA 74 77 U —%/Ef L, HLA-B*54:01 3 A COS ffifid k7> A7 =7 %> k& HWN
7oA ) == TR ERTH D,

3. ERMELARRICED MRS « ()

S RVEE AT RANCIMIE 2 EFICEATERVIKBRTHL N, BRENTWDLMERED 3 Rk
N 1 R E TEL OFBNEFEET D, EREEDREDOL  ITEEFRFICERNTS EEX 5T
DM, EOREEFE UM 2RBET AN o2 2 LD, FIBRIEOBRBEIIRES BT
Too BAITERMEEMARD S H 7 7 a =g, MEEERIE ¥A4T7E N7 7y 777 CEL, 5
RYEAFHRERRAIEDBFE DD 1PS MIRa OB LR BFFEA iPS MIDICHTh L, F7o. Fx X iPS A
Jad 7 & T A 8% C D ILAE PN B2 /i BRAL @ RTBR AR A . @A R M ARG, @RI AS T & 5 EfRIZ >
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WTHFE 2B > THIS T 2R 2L L TE 7, THEMWT, 77 ra =&MW\ Tid, MmER - N
SR AERTERAAL > & & M ATEGHAL ~D 3 EIEE 2B TH 5 Z & MEEEZAVEICR L T | RRE DL
PERIAD I L ONT U o SERIAD (IR E (SRR 2 Z L 2 b LT,

We have worked on the following 3 projects.
1. Research on Myelodysplastic syndrome (Takaori-Kondo, Yoshida, Chonabayashi, Arai)
2. Research on autoimmune bone marrow failure (Nakao)

3. Research on congenital bone marrow failure (Nakahata)

1. Research on Myelodysplastic syndrome (Takaori-Kondo, Yoshida, Chonabayashi, Arai)

Myelodysplastic syndromes (MDS) are a heterogeneous group of clonal stem cell diseases
characterized by inefficient hematopoiesis with poor prognosis. There are currently no useful tools for
identifying new therapeutic targets of MDS mainly because of a lack of good disease models. Here we
generated multiple 1PS cell lines from several patients with either MDS or secondary acute myeloid
leukemia that progressed from MDS. We successfully developed hematopoietic differentiation
systems from the disease specific iPS cells and constructed the disease model recapitulating the MDS
disease phenotypes such as maturation defect. We performed whole-exome analysis of disease-
specific iPS cells and MDS cells derived from the original patients to find somatic mutations which
are crucial for the pathogenesis and progression of MDS. Next, we performed microarray analysis in
hematopoietic progenitor cells induced from the disease-specific 1PS cells and isogenic normal iPS
cells, identifying MDS-specific expression changes. Furthermore, we had established a high-
throughput screening system utilizing hematopoietic progenitor cells derived from disease-specific
1PS cells and started drug screening.

Arai has also established induced pluripotent stem cells GPSC) from CMML CD34 positive leukemic
cells (CMML-iPSC) as a new disease model. Co-cultured with C3H10T1/2 stromal cells in the presence
of vascular endothelial growth factor, CMML-iPSC generated CD34 CD43 double-positive
hematopoietic progenitor cells (CMML-HPC). CMML-HPC have recapitulated important disease
features of parental CMML cells in terms of genetic abnormalities, acceleration of cell proliferation,
and aberrant surface markers expression. With comprehensive gene expression and DNA methylation
profiling analyses using CMML-HPC, we identified several candidate genes related to the
pathogenesis of CMML. Among them, the expression of SLITRK4 was up-regulated in other CMML
patients’ CD34+ leukemic cells compared to normal CD34+ bone marrow cells. Interestingly,
disruption of this gene via CRISPR/Cas9 system dramatically attenuated generation of CMML HPC
from CMML iPSC, which suggested an intriguing possibility that targeted molecular therapy of this

gene would eradicate CMML leukemic cells.

2. Research on autoimmune bone marrow failure (Nakao)
Acquired aplastic anemia (AA) is considered to be a typical auto-immune disease that targets
hematopoietic stem/progenitor cells (HSPCs) by cytotoxic T lymphocytes (CTLs). This hypothesis is
4



mainly based on current findings that HLA class I allele-lacking leukocytes (HLA-LLs) due to loss of

heterozygosity of the 6p chromosome are detected in approximately 25% of patients with AA. However,
this theory has not been proven due to lack of knowledge with regard to the autoantigens presented

by particular HLA alleles. To identify autoantigens on HSPCs that are involved in the development

of AA, the following three processes are required; 1. Preparation of both wild-type and HLA class I

allele-lacking HSPCs from AA patients possessing HLA-LLs; 2. Isolation of CTL clones capable of

killing only wild-type HSPCs; 3. Screening of cDNA library transfectants derived from the wild-type

HSPCs using the CTL clones. First, we generated induced pluripotent stem cells GPSCs) from

peripheral blood (PB) monocytes of two patients (Case 1 and Case 2) who possessed HLA-LLs as a

result of 6pLOH and HLA-B allele mutations. Two sets of three different iPSC clones were established

which included wild-type, 6pLOH(+), and HLA-B(-) (B4002[-] or B5401[-]) clones. Three-week cultures

of the iPSCs in the medium containing various growth factors (StemPro) or in the OP9 or WEHI3B

cell-conditioning medium produced hematopoietic cells comprising 70% CD34+ cells. 106 CD34+ cells

were injected into the femoral bone of C57BL/6.Rag2 mice harboring NOD-Sirpa (BRGS) and the mice

were sacrificed at 9-12 weeks after the injection. 3.5 to 8.9 % human CD45* cells were detected in the

BM, spleen, and PB, and all retained original phenotypes. Stimulation of Case 1’'s CD8* T cells with

autologous iIPSC-HSPCs gave rise to CTL lines that killed WT-HSPCs but spared HLLA-lacking HSPCs.
However, stable CTL clones with the same specificity could not be established from the CTL lines. We

then analyzed T cell receptor (TCR) V[ Jrepertoire using a single PD1*+ T-cell sorting followed by

sequencing of the following three cell population; 1) a CTL line from Case 1; 2) bone marrow (BM) T

cells from Case 1 seven years ago when the patient relapsed with pancytopenia; 3) BM T cells from

Case 2 before any treatment. Several TCR V[ ] motifs were recurrently detected, and one of recurrent

TCRV[] motifs that was the third most frequent was identical to a TCRV[Jmotif detected most
frequently in the BM of the patient. cDNA of four different TCR[T] chains that were more frequent
than the others in Case 1’ CTL line and Case 2’s BM T cells were transduced into Jurkat cells and

their reactivity to autologous iPSC-HSPCs were assessed using IFN-[T]secretion as a marker. Case
2’s TCR transfectants secreted IFN-[]in response to wildtype iPSC-HSPCs but not to B5401-lacking

HSPCs. We are currently preparing cDNA library from Case 2’s wild-type CD34* cells for its

transfection into B*5401-COS cells and screening by the TCR transfectants.

3. Research on congenital bone marrow failure (Nakahata)

We generated multiple iPS cell lines from patients with congenital bone marrow failure including
Fanconi anemia, reticular dysgenesis, Diamond-Blackfan syndrome, and congenital neutropenia. We
also successfully developed hematopoietic differentiation systems from the disease specific iPS cells
and constructed the disease model recapitulating the disease phenotypes. Using this system, we found

that Fanconi anemia-specific iPS cells show the differentiation defect from HAPCs to HPCs.
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