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IT #FERR3E DIE

ABFZEEHENZ IV T, BHAMEMAR - SR B A kg s LT, HREIPS flaz AW, A7 U —= 7%
DREFEZATV, 2O OB OZWHEIEIEDHF 2 B LTz, WFFEH TREO ISR BT, JRF M RN AE R,
R PEREGERE (Nakajo-Nishimura syndrome: NNS) | Blau SEfERE, F I & B E R, B R AUE B,
2HMET Y 7~ h—7 A(SLE), RAS B A it ) o BHEER R (RAS-associated ALPS-like disease,
RALD) MRy = —7 L e fRRE(SS) T 5.

MERR - WERITEHIIHMALTEY, TOREITEG O A IEREZEE L, B S AOERCIHFED IR
BB LW, E oG MaslE R 2 & et kR B 0% < BRIGHTRR 2 & MBI > T D Z b,
LV RREOFFEBEN R BEN TN D, MIEEBOMENT I LI L 72 5 1E M aiiE 2 B8 S AL +5
BT L, E KRBT E E FTRIEVAT ANRRD Z NS BT T VOMBENEE LW
ZEbB, —Ji ZReMEEII & OMmEKE T, SMEFEEIEOMSIEA TEY | S ERTERE RS Ofifa 4
3. TOFHMAEITO 2L bAEETH D, £ 2 TAMIZEGHE TIE, K& iPS Mz A7 BHEME MK - SR E O
I RERRAT & 2B IRIE DB 21T o 7c. LU FIZHRRB T & ORUR OIS 2777,

JEUJE MG R 41>\ T Chédiak-Higashi fEfERE (CHS), DNM1L Je#f 45 & 08 MIRAGE JE (it 7>
ORI L72 iPS fifd % invitro TofbE®, I har R 7, FA4 VY —A A= 77TV —Ah T RFY—
L7 EORIPEAN/ IR E REIZOWTHRE L, TOWEBRELRIEL T2A7 ) —=0 7 ROREEITo T,
CHS i%. LYST s -2 81T 1 0l & 2 R P R AEMRE CTd 5, LYST 2512 K 0 Ml ek o R E A E
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DL ENHEESIN TN, GEAEORIEITIA LN TRV, ZHEBH LT 572912, CHS6 SER] A5 1PS
AR 2 RIS U 7o, RS H2R APS Mlliu ) B bihE Lo fifa 2 - W =g ©, 7 1 Y >~ — 4@ Exocytosis H%EE{K
T, A= 77V —28N, I ba R TREBREDNEE TN L2 AN L, Zo/#ERN~5, CHS Tix
LYSTERIZEV T4 Y Y =L BENEZY, A= 77 AY =5 I bay U7 2@ ef k3 /e r
NEEOENMET LTS B b, £z, ERY Y Y —2OHBBIOA— M7 7 TV — LD %,
BMEDEN T —T2HWHET, MENORFICKEREZFNTT DA ) —= T ROBELITo T,
DNMI1L #HJE 2 B2 OWTH iPS MlaZ B L, sk L7/l T, X b= RUTIREN, S h 77 o—, &
FHEEE (Oxygen Consumption Rate:OCR)Zfi#HT L, I b= U TR FARE TWb 2 L2 /R LT,
IHlz, I har NUTHREERE L ATP FEARR EOBEBIRTZ, FEQELTn—7%2H05H T, f#ifE)
ORI KRBEMRE LTI 5 27 U —=0 7 ROWE AT - 72, MIRAGE JEfEREL, &1 525 (Myelodysplasia) |
Gyi&Gett (Infection) . FiE [ (Restriction of growth) . JERMEIBEAE (Adrenal hypoplasia) . MEBYE
fk (Genital phenotypes) | H{LEHEIR (Enteropathy) % HHuls & L7e 2R RER 2 R T RIEEE CTH 5, SAMD9
B TFORFENPHEKRTH D Z LIEHA LN SN TWDN, EREDOIIEA 1 = X LLE OFEMR R BIE &7
[ZSN TRV, Fx T ET . MIRAGE JEMBRE 10 Bl ORFRE 2 Mt L, SefE 8 S Ml OREE D4l O 5H & 4L
MTPHRPHEBEAL TS Z L, FAMMRANEE TEY HORIERBROFREDLHHFEL WL EL A L
(Mitsui-Sekinaka, J Clin Immunol 2021), &IZ, BFH K iPS fMfdz B L, #\is HEE M E AV TR AR
K 1PS Ml D28 BAEIG R X ONER 1PS Ml OZE FUE AR ZER L7z, T b L IER iPS Ml 2 fo 18 4 i i
~ofb &, FACS, B FBAMEE, LESPMEHC L5t 21To7c, £7o, = RY —LABRBORF LR
A b=V ARROEEZ, FEOENT v —TEHWHHET, BE ORI KEREK LT 5227 ) —=
VRO AT T,

NNS %, #E7u 77 Y —AB{E T PSMB8 O Tl Z 518 MERIE & A5 - fhiZEii 2 Fe & 3 2% T,
ZDAN=ANIFELLHONTE LT, RIEADNLRIGHRIEN 2V, PSMB8 ZRAELSMNIB T RE L SR
7 iPS/ES #lifa %z CRISPR/Cas9 7/ AfmEd 2 WV TERL L, NNS B3 S A H3K iPS/ES flifa s o /Ef L 7= B
BRCRAMAE 2 - - AT K W NNS OfFBEFBLIZ AL L 72 (Honda-Ozaki, Stem Cell Rep 2018), NNS A#H XA
H1c iIPS/ES Alifa s & FERL U 7 BRERR MR, IBKAT 2> O 18R 7o G e R DO PEAE 278D . IFN-y + TNF-a JlIZ
L0 B2 JAK/STAT #%#. p38MAPK #&#8 DIEMELokk 2 22 RIS OGRS A TUHE LT, 72, ZORE
ET NN, NAZAN—=Ty b AT V== TN K DR LI O R il AT, TORRRH S
7ok A bR F AR ES CUDC-907 iX, NNS OBE S A TRENZEASNDFEHA 0 MCP-1
KON IP-10 220 BA9ic il L 72 (Kase, Stem Cells Transl Med 2020),

Blau JEBHEIE NOD2 B FARICE > TRIET 2 HORIERETH Y . ZORIEMTFITARATH Y | K
BRI L2V, Blau JEBEREOBFE S AVHK IPS fifa L & AREENT 2 VT, RIERIGORE Z27~3E
TV EAEZE L7z (Takada, J Allergy Clin Immunol 2017), Blau JEERED BH S A K iPS Ml SER L~
rma7y—vbk BEIANVERUBRETREEZFHA LT HF B IPS Mlaro/flLic~r e 7y —I0d,
IFN-y iINZ 80 . NFxB 285@FNIEHAL L. 2O RKIEEY A SO A OPEADNFEI NI, £z, #HEHEN
B THATIZ LY, Blau JEEBEBE S ADO~ 7 087 77— TlE, IFN-y (KFMNRH CRIERKGNEEE 52 L
PLTNF FUATRIFRIC LV ZCOBRENLESIND Z & &2 50 L= (Kitagawa, J Allegry Clin Immunol 2021),

FHIFEIZ DUV T, 2 D FLTS ZEBEGME S E B By (AML) B30 b R ERFEA) AML-1PS a2 4
S U, MERIMEFFE ATV, ARG in vitro, in vivo TOJFEEFHH % 1T - 7=(Chonabayashi, Ann Hematol.
2019), AML-iPS #fan» & 434k U 7238 du i B i X E 5 1PS AlAE > 01 MBI AL & kel LT, in vitro TO
BHECR SOOI Y L OH CAEREED TTHEN GO bivlz, FR—ERID B BIL L7250 AMLAPS #% H»
% 2 & THRIBIIZZER R — 7 v — BBk A MR~ U 2 OER K OSEIESTRE DT A FTRE & 72 0 | 72 AML 3§
JER DRBHE~ 7 A0 D SR Z B L CREE TR 7 7 7 A VEO R ZTWY 7 7 2 — O in vivo T
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DIROLEENDZEZBIET DT ) LEFEO—H 2P NI T L5 &N TE, & 5I2 AML-APS 2k B i jm#ifaik
Z W TGN AR S FTRE R AR 7 ) — = TR A LT,

FI5 OFFIR R CThd D X U EICH O 2 — i A $E 2 5 H5EE (Transient abnormal myelopoiesis: TAM)

(ZOWT, TAM FIEIZI T M ATEE a0 & DBERE D & D4y B Oy GATAl ZROZEZ b3 T 50

B L, B IPS Mifaz AW CTRT 217 o 72, TAM 3N L TV 5 X 7 AR R OA FREIZA DR 2
ﬁﬁﬁmﬁfﬁ%f\ Je BRSO trisomy21 & MLATENHINE S GATAL ZBRA2BE+ 5 2 L1 JZOT%EE?‘Z) e
W, ZORH O M2 2 1PS Mg kG iy fbRiE, TAM OREBMAT~ICH T2 OIZE LI #E R TH
HEERD, FT. FUERNOAER LI IPSMild L 7/ AREICEY GATAL BREBE LT A VP ==
> 77 72 1PS i~ 7 %ﬂﬂb‘“CJﬁlEk HMbEAT o 7o, ZOFER, GATA1 287 v — 2 Tld, FREFERA~D A,

FUAZHF R TOMBILE, BRERR~OMUMEE RS S, KR IPS #ifdz 7z TAM 7 /L ORI R
L7z, &bz m 91:5’_7 vEAIZEY, 2D ORFEIEIHOEXBIAT, P-erymk41(+) & EF L 7= MERATEX
AR ENICHER L TWnad Z &N R S, TAM FIE O B LM 52 B O R EICE S L7z, (Nishinaka-Arai,
Haematologica. 2021), ZAuZ XLV, TAM FRIERFIC GATA1 28 52 28155 2 M a7 mix, FE Ly

B &0 b &0 RMERSENCR BT & F 2 D, RIS, RIEIRGHC 1T 25848 K GATAL & /37 (GATA1f])
DTAYT7H—LThbD, NKIRRGIEMHL KA A > 2RO O GATAL # > 737 (GATA1s) O &=IHEIMNN
MERG AT 2 DB N9 5 2 & T, GATALs ORBLL L) TAM ORBANZ ED L 5 7050 B% 52 5
ZIENT UTc, RIEAPS Ml Re P 7 U Va8 MED GATALs 28 A Lol g VT GATALs O BLE %
AL S8, BT 21T o7, T OFEE. GATALls DFEIELL~ULiE TAM OFKEANZ I TASb 75 ML AT AR o>
PEERAHINSE, £72 DS-AMKL OV 27 & 720 152 BERFEIE RSN O pEA= D 75 & AL o & 517%

FICBE H 25 2 LRI Sz (Matsuo S. PLoS One. 2021), 24156 OFEFM G, GATALls % > /37 |21,
GATA1fl % /37 LR D2MB OB E 2R 5 2 L DR Sz,

BT RIEBRE IS OW T, PR TRRRIEER EVIL #5/% 2 £ MDS-1PS #iffdn: b3k S 72
MM 2 VT 21 e = — B R B0 R L ERGR 70 (bE T e SR 00 MDS SEGIZ R0 72 &% in vitro
THET LI ENARETH -7, MDS-1PS Mk Ot S 72 & MLATEEGHIIE OMEFERI 72 7 ) I« =85 ) Lif
M 47T0 5B F oA ER B2 EVIL ERBUIES L T b= o — oM % FE LT-, & 512 MDS-
iPS Bk OIS MLATHGHAL CIZ, BET FREAE 512 &0 EVILI ORBIAMEI S, 7R b=y 2ARFHEIND Z &
THER LT,

RALD |3& e - gilkfifaizisid 5 RAS #ia T (KRAS/NRAS) OJEMAIZE BICERE L CRIET HEE 2D
NTWDED, HDEBOTDEETERIZL 5L[f[L$/1§ - SRR O RFEZ L DI LIZZ L < A 072 35175 B 38
STV, RALD Z x4 &7 2 $EAIFEARIZ . A7 SRV ARG T 5 & & b, il ATER R o 5y
ﬂﬁ‘ BIEOMEL 2 72, KRAS ﬁ;@\%ﬁﬁ‘é RALD 2% X v RALD ¥ b b iPS a2 83 L, Z OFifE)>

SHAEREE L 7o E AL 2 3V T RAS fREEOTEME LIS X OVE RHER R M O 43 LR E « 7R b — 2 AR
%Eﬁ; L 7= (Stem cell reports, 2018; Stem Cell Research & Therapy, 2019), Z ®%17.% 5512 RALD (Zx%f L T
TEWRN R Z AT A DR E 2D KRAS 285 4 479 % 1 . BTSSRI o> SR A2 A 20 72 70 TR RO A 2 il
H U7 GRsCieRn), I, IGRANROEWEER 2R E S 572D, FHIFHR O 2 Lv—7"y MMER D72 O
ATV, 7 4 — X —HIRITARAE L 72 s 2h 2 70 i i pi M D S0 (L8 R & B - (oS L7, £7-. RALD 8%
ICBWTERRENH D NRAS ([ZHOWT, 7/ AREILC IV IREET Ve b iPS Mld AL L, 7/ LfRSE
NRAS % B D & AT~ 3 baB 2 A3 5 2 & i L, KRAS 3 XU NRAS £ # % A4 %5 RALD & /&
b b iPS A SRV AREEE Lz, LI E XY | RALD %8 hiPS Ml Sk L& xt% &4 5 A0 —7 » MEDEWIE
mm%ﬁm®%ﬁ7/?4 A BTN L, AR 7 ) —= 2 T D=0 ORMEE R LT,

SLE (38 =iV ZA & B fiﬁ’]%.ﬁ‘#ﬁﬁ‘é HOERETH D08, BFRIFRIEIC X 2 FifERcRIT 2 BIRRE
&+ T BREITPHRUGED FTRE CRIEH O WETHIRR SR 3 iR < SR T D, ABFFETIEL, SLE
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DIEFNA 7 ) —=2 72Nt FIREO® % SLE BH OBIn 7T LV SLE OBEH I A7 LEZE2x N5 LT
NY 7 hEEEL, SLE B3k iPS Ml LV AFEIC L 2BETEREEKEHNT, L7 AT
v N OFEAEBRANIEI T 5 Z L 2 B L7c, Wikl SLE & DR F Y AFH, HFRKFME ITHEE L
e RIBBE DT ) 5T — 2 ~N—Z (ImmuNexUT) & HW7=fi#tr X 0 | SLE JWRBIC R 2R 5Bl 4 7= 97 1
BA s —7zn (IFN) BEBETFOLTAN) T o M EEEREE Lz, LLEX v, e b iPS il & @is
T A B oE 7~ SLE P& s - OAIHE R 7 ) — = I I >\ T PoC 2R L7-, BifE. in silico fi#
W X Db WEO Y A N7 v 7 m5E T L, BEEE b iPS Ml X 2MflgER 7 UV —=2 7 %23 B Th 5,

SSIZOWTORMRITLLTD LY Th D, 1) SS BH(HLA-A24, A31, DRB1 14:54, DRB1 15:02) A& A5 M.7> 5
M3R it Thl Mfa(IFN-y FEA) & 7 m—H A b A b U —iE2 O THBEL, 35 D7 n— 2RI LTz, 2)
DTRIZ L7z 5o Thl flifar v — il 4 W15 XA VANV AZHWVTEIEFEAL, 7O T-1PS
RR 2 BINE L7z, 3) MISZ L7z T-1PS M2 9 2% TCR &5 173, iPS Mk 9 5 A10> Thl fMifar v —> &Ja—
DOFHAERL L7= TCRVB i&fs . TCRVa &5 T D Z & % sequence IE THER L7=, 4 T-iPS s> 5 CD34+
HMAE 2 TP ~ D LiFE 3 % = L 12pkEh L 7= (Tizuka-Koga, Stem Cell Reports 2017), 5) T-iPS #fifd %
in vitro T CD34+CD43+flfliC /3L E L, NSG ~ 7 ATHIB AT D Z L&Y 60 H HO~ 7 ARMIMLIC
BWTE FHE CD4+T M~ 2R T2 Z E N TE -, b MEF# M S O foxp3+Treg Ml ~DF5E(Z
%2h L 7= (Takahashi, Clin Exp Immunol 2021), 6) In vitro (23 T, & s memory CD8+T #Hifd7> 5 CD8+Treg
Ml 2 358 5 2 LITHED LT, T) 50% 0> SS B AAN MLIZ M3R st Th17 Mild A3 7E/EY 5 Z & % ELI-SPOT
#ETH 5 M2 L7=(Abe, J Clin Invest Insight 2020),



In this research plan, we targeted intractable hematological and immunological diseases, analyzed them
using disease 1PS cells, and constructed a screening system, aiming to innovate diagnostic and therapeutic
methods for these diseases. The target diseases at the end of the study were primary immunodeficiency
syndrome, Nakajo-Nishimura syndrome (NNS), Blau syndrome, leukemia and related diseases,
myelodysplastic syndrome, systemic lupus erythematosus (SLE), RAS-associated autoimmune
lymphoproliferative syndrome (RALD) and Sjégren's syndrome (SjS).

The hematopoietic and immune systems are distributed throughout the body, and abnormalities in these
systems cause a variety of systemic symptoms, and many of these diseases are very painful and exhausting
for patients. In addition, many intractable hematologic diseases, including hematopoietic tumors, rely on
hematopoietic stem cell transplantation for curative treatment, and more minimally invasive and specific
therapies are highly desirable. It is difficult to obtain enough hematopoietic stem progenitor cells from
patients for analysis of blood diseases. In addition, it is often difficult to construct animal models for
immunological diseases because the immune systems of animals and humans are often different. On the
other hand, in the differentiation of blood cells from pluripotent stem cells, differentiation induction methods
have been established, and it is possible to obtain and evaluate cells in the progenitor stage of differentiation.
Therefore, in this research project, we analyzed the pathogenesis of intractable hematological and
immunological diseases using diseased 1PS cells and developed diagnostic and therapeutic methods. The
following is a summary of the results for each disease.

For primary immunodeficiency diseases, 1PS cells established from patients with Chédiak-Higashi
syndrome (CHS), DNM1L deficiency, and MIRAGE syndrome were differentiated in vitro, and intracellular
organelles such as mitochondria, lysosomes, autophagosomes, and endosomes were examined for
abnormalities.

NNS is a disease characterized by chronic inflammation and fat and muscle atrophy caused by mutations
in the immunoproteasome gene PSMBS8, the mechanism of which is not well understood and for which no
effective treatment is available. The monocyte lineage cells generated from NNS patient-derived iPS/ES cells
showed excessive ROS production even before stimulation, and IFN-y + TNF-a stimulation enhanced
activation of inflammatory pathways (Honda-Ozaki, Stem Cell Rep 2018). Using this disease model, we
attempted to comprehensively search for potential therapeutic agents by high-throughput screening and
identified a histone deacetylase inhibitor CUDC-907, as a candidate (Kase, Stem Cells Transl Med 2020).

Blau syndrome is an autoinflammatory disease caused by mutations in the NOD2 gene, the inflammatory
mechanism of which is unknown and no specific treatment exists. iPS cells derived from patients with Blau
syndrome and genome editing technology were used to construct a model showing an abnormal inflammatory
response (Takada, J Allergy Clin Immunol 2017). Comprehensive genetic analysis also revealed that IFN-y-
dependent autoinflammatory responses occur in macrophages from patients with Blau syndrome and that
this abnormality is ameliorated by anti-TNF antibody treatment (Kitagawa, J Allegry Clin Immunol 2021).

For leukemia, disease-specific AML-1PS cells were established from two FLT3 mutation-positive acute
myeloid leukemia (AML) patients, and hematopoietic differentiation was induced to recapitulate the
pathogenesis of leukemia in vitro and in vivo (Chonabayashi, Ann Hematol. 2019)

We also focused on which fractions of hematopoietic progenitor cells are most affected by GATA1 mutations
in the development of transient abnormal myelopoiesis of Down syndrome (TAM) and found a responsible
progenitor fraction named P-erymk41(+) (Nishinaka-Arai, Haematologica. 2021).

In myelodysplastic syndromes, hematopoietic progenitor cells differentiated from MDS-iPS cells with
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atypical EVI1 translocation, which have a very poor prognosis, could be used to reproduce in vitro
pathological conditions characteristic of MDS cases from which they were established, such as colony
formation defects and impaired erythroid lineage differentiation. We performed comprehensive genomic and
epigenomic analyses of MDS-1PS cells and differentiated hematopoietic progenitor cells, and identified
candidate enhancers involved in EVI1 upregulation on the long arm of the translocation partner chromosome.

In order to evaluate drugs for RALD, we established a useful cellular panel and develop a new drug for the
treatment of RALD. We established a panel of human iPS cells from RALD patients with KRAS mutations
and differentiated them into hematopoietic progenitor cells, which showed activation of the RAS pathway,
abnormal differentiation of myelomonocytic cells, and accelerated apoptosis.

For SLE, we identified rare variants that are considered to be a genetic risk for SLE based on genetic
analysis of SLE patients with family history of SLE, and experimentally elucidated the effects of rare variants
using 1PS cells derived from SLE patients and genome-edited strains with corrected genetic mutations for
drug screening for SLE. We aimed to experimentally elucidate the effects of rare variants using SLE patient-
derived iPS cells and genome-edited gene mutation-corrected lines. Based on the analysis of all exon
information of sister case SLE patients and the genome database of immune disease patients (ImmuNexUT)
originally constructed by the University of Tokyo, we identified several rare variants of type I interferon
(IFN)-related genes that play a central role in SLE pathogenesis and enhance type I IFN production in
response to dsRNA stimulation.

Results for SS are as follows: 1) M3R-reactive Th1 cells IFN-y producing) were isolated from peripheral
blood of SS patients (HLA-A24, A31, DRB1 14:54, DRB1 15:02) using flow cytometry, and 35 clones were
established. 2) Five Th1 cell clones established in 1) were transfected with Yamanaka 4 factors using Sendai
virus, and seven T-iPS cell lines were established. 3) We successfully induced differentiation of T-iPS cells
into dendritic cells via CD34+ cells (Iizuka-Koga, Stem Cell Reports 2017).4) T-iPS cells were differentiated
into CD34+CD43+ cells in vitro and transferred into mice, and differentiation into human-derived CD4+ T
cells was confirmed in peripheral blood of mice on day 60.6) In vitro, we successfully induced CD8+ Treg cells
from human memory CD8+ T cells. 7) In the peripheral blood of 50% of SS patients, we found M3 R-reactive
Th17 cells in the peripheral blood of 50% of SS patients by ELI-SPOT method (Abe, J Clin Invest Insight
2020).



