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(1) B 1 > Th % FEER ML D%
REPEERMIE D & ORISR 2 s L, [RIHER
PRI DR AR, bRk, Sk & O 4y
THEWFA =X LW LNTH L,
(2) HHEHEEDO N TEREMHHIIRGPS M) 2
SL, ENEMNTT S Z & THEBEOFIA - JRERE
IR 5 2 L,

3) V7 ur T I v T ORI

ES and iPS cells are pluripotent stem cell lines
which undergo unlimited growth with pluripotency
and can give rise to various cell lineages including
three germ layers. However, in vitro cell
differentiation culture is still very complex as
various cell types are simultaneously generated in
the culture. This is one of disadvantage of this
system. Our lab is studying the differentiation and
manipulation of pluripotent stem cells, in particular,
is focusing on three specific aims;

(1) To elucidate the differentiation pathways and
molecular mechanisms of tissue stem cells
including mesenchymal stem cells (MSCs)

(2) To establish disease-derived iPS cells from
intractable diseases and to develop new
therapeutic concepts based on the results of iPS
cell studies

(3) To elucidate mechanisms
reprograming in iPS cell generation

underlying
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1R E Staff (2018.3)

A4 WA Name and Position
LR REE bz Takumi Era, Professor
Bk 3k BhZ Minami Soga, Assistant professor
BN HBIE PEEE N IE R Tadahiro Numakawa, Postdoctoral Fellow
TSR EHEN WrgER Sayaka Watanabe, Postdoctoral Fellow
Bl H3E Hitite B Yumi Soezima, Technical Assistant
TTHE  Eik KEEPEA Shinya Eto, Graduate Student
AN i) Kb Haruki Odaka, Graduate Student
BTF AT KEFBRAE Youko Mashimo, Graduate Student
BT = KEFPEAE Kouzo Matsushita, Graduate Student
e E IR R T Jun Kido, Medical Assistant
fEE e RS A Yuhei Tokuda

RS

Staff in the past (2011.4~2018.3)

44 il Name TEFEHAM TEFER %A g ot
%wiE BEE Mizuki Goto 2014.4.1-2016.12.31 | E5FRHFF7ER KOKF
Kb HZ Takayuki Kiboku 2014.4.1-2017.3.31 J= 55 B 52 B
W —pk Kazunari Yamaguchi | 2009.4.1-2016.4.22 el =
=W e Hiroyuki Miwa 2010.4.16-2016.3.31 | pesErmfenffsc B | BatiRpl %
FRIEL & ER Ryutaro Kajiwara 2014.4.1-2015.3.31 =5 R R HEAR K%
NI = Jun Ogawa 2014.1.1-2014.9.30 TEMTE YI)T v —A
INCEE Yasuaki Oda 2013.4.1-2014.8.31 ) =] EARE R
B B—BS | Yoichiro Takami 2010.11.16-2011.6.30 | S35 RHFHFZE B BERY
e Toyoko Tsuru 2013.1.7-2017.12.31 | #ifitlite &
ik FH Kaori Yamagami 2015.6.8-2017.10.31 | Hifraitc B
&1 BT Naoko Kaneko 2014.421-2016.3.31 | Hfliwitz &
g W Yuko Endo 2014.5.19-2016.3.31 | #ffrafite B JUN R
B R Kayo To 2014.10.1-2015.9.30 | Hefirfite B(URiE) | JLB)
K it Kazuko Onga 2014.4.1-2014.9.30 Betrwfite B
%Ik PEE Rie Goto 2013.12.1-2014.3.31 | HffrmlitE B
TS Saori Ikeda 2013.7.1-2014.8.31 Fetfielite B (/i)
B OER Mika Tsuruta 2013.1.15-2014.2.28 | H:ffrmiite &
ANT &+ Takako Irie 2012.10.1-2013.6.30 | #fliite B
FEA Hoh Eishi Nishimoto 2011.4.1-2012.3.31 Betlrife B
K B Yousuke Suzuki 2009.4.1-2017.3.31 RFBiE REA R
R Makoto Hamasaki 2012.4.1-2017.3.31 KFped SONY
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il LBV Shiori Tochihara 2015.4.1-2017.3.31 KEFRAE KaEth 7 KB T
EfEERE - #—

AR fd Kenji Fuzimoto 2015.7.1-2016.12.31 KFFEA REAR K F

el FBK Yukimoto Ishi 2015.8.1-2016.10.31 KFRBEA biEE K

Sherif 2012.4.1-2017.3.31 KA, Dept of Molecular

Khodeer Bt B Microbiology, Oslo
University Hospital

gz —F Ippei Date 2011.4.1-2016.3.31 KR A B A F A= ¢
TV Ya—ay

VL R Yasumitsu Fujie 2010.4.1-2015.10.31 KA BR) hovAvz=
v 7

ST Tomohiko Katayama | 2010.4.1-2015.3.31 Kb NN

R SRR Yumika Nakamura | 2013.4.1-2015.3.31 KA B~V A=A

wE O FHE Marie Douzono 2012.4.1-2014.3.31 KRFbeE —fEAEEEAN O B
i A

Wk ] Eri Matsunaga 2013.4.1-2014.3.31 KREFRBEA

B ZK Genta Tsuzuki 2009.4.1-2014.1031 | KA/t

N Bl Shuji Hamauchi 2013.4.1-2014.3.31 KR Je s K

¥ WE Yumi Kaneko 2011.4.1-2013.3.31 KA (k) B2

¥l WA Yuusuke Kakaki 2010.4.1-2012.3.31 KFPA

I FEE Yoshinori Yamada 2009.4.1-2011.6.1 KB4 15 A1 )
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HRBEE  Projects

(1) FEIHERE A~ I A BT 7
[HESEASH g N G 1T i (e
LEENE b OB TH L, HIE, BHidko
B R M DN B DR ~ D IS A3 E D STV B,
F7=BiE, =7 R ES fiflaz T Sox1 Bk d
Fie b R SR & PDGFR o I B2 R A i
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FRIZR W T b BRI 2SR B R & 384
THEWVWIREFRITH LWa 7 M E R
L7 (Fig. 1), L2>L722203 HARER BRIk O
BE SR R AR C DB R ok oD R BE SR i
I8 b L TN E BB NE R0
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Fig. 1 Differentiation pathway of Mesenchymal
Stem Cells
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< A &AERL L7 (Fig. 2), Z O Cre (32857
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EEE2ER 72 roRbEICkYVary be—
NTED AR L7~ U A% ROSA26-LacZ L 7R
— =< 7 AT E DY, BIFORFR BB
THEXFV 720 5FE LT LacZ Getb%17 9
Z & T, AR C OMIE R MR 0 BB 23 FT
RELD, £, FlAxD flox vV ALHITAED
5L CHIBERSMARE RN 2T 1 e
TN I T YT ABERTE S,
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Fig. 2 Strategy for studying MSC origin

ZDVAT LEM T TORBERGHN
73 PDGFRafGEDMIfEN S HBT 522, £ L
THAR OB & BRI AAE T 5 [ 3E R
M3 IRZE R K CTHRAETHIC wave 25 - TH
HLTLKAZEEHALMNE LTz, SHITHET.
FERETE S 70 & OFRRRIGE T LV ICB N TEDE
712 PDGFRauf5 1 0D [#]HE R wep il e 73 B 22 70 %K
ERfOZ L EHLMNE LT,

(2) ZRetEm ML 2> & O LFFEIE DB & %
D&
IBERERAINE 3 . i 72 & oo HE Rk D

BIEICEET 52 b, HEERSOICHN

SN TWD, LLRns, BEND DR

BUITME R ZE D B 0 & IS TR I B B O e A3

BRINCTE 2 LENE 60, —J5 ES/PS i

N OREERBMRE AL ICHFETESUL, Zh

SOMBIMFR SN D, £ 2T, & b iPS filg

26 MHRE N A2 Z L E TOmMRIZEESNT

P AT,

b b iPS i 2 BB N Tl B e S RIS T
T L EFHE 6 HHICHIREMRORm~—
71— T & % PDGFRa (platelet derived growth
receptor-alpha) . VEGFR2
endothelial growth factor receptor 2)D 2 DD 43¥-
DIBLT S, ZNDO~Y—I— DB H —
1Z. PDGFRalBs:. VEGFR2 5%y i (double
positive cells :DP), PDGFRal51%, VEGFR2 [Z
53 (PDGFRa single positive cells: PSP) |
PDGFRa [, VEGFR2 B514% %y i (VEGFR2
single positive cells: VSP) . PDGFRa & |
VEGFR2 [2tED 53 (Double negative cells: DN)
D4 DT oD, O~ ——GED
TR R 2> & SRR 2 3589 5 Z &
W LT, 612w A ES fild & FRED )
EIZTE b iPS Mifa) bk R R ORISR
M OFFEIC RS LTz, & b iPS MifE) 5
PRI HRDO R D 2 DO MIBER I
~ U A& o TR E TV & B E T VIS
BWT, AEICIHRDRZ R LTZ, ZOR
VRRER IPS A e ok oD R EE SRR 2N B IR ~&
HTEDZ LaREBLTND,

factor (Vascular
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(3) FEHEH kK iPS ML DIINL, N7k Ein g

fili > 7= HETE MR B O F R

[EERF2E ik, SRRSO ARG (Hifz<°
MiREE) 132 OB OBWHECIRRIEZ BT
HZETHAEOLDOTHD, LLRnn, Kl
2L o T, RO ORI N T &
S0 FEBEAR DS EHRMERD X 51
AREEFE O b OBRIEFIT DI E Vo -
BEET D, ZOZENEFEEZIZILDE LR
BARMFE DR E pfEE L 7> T 5,

—J7. iPS HMikaIX, AHIR W BIR 7 2 5%
WSR2 2 LN TE D, HEARY T
NDBIERTE B DT, £ < OFEED G ER ]
HETH D, iPS MIfEIL, B ORI Z 558
L. FIERST Of-CIREIE OB ~FIH T =
LEMESTWD, £, RBEN THEIET
., RUMRGFLARETH D, L= - CHREUA
7RG & A D R ESCA D TN O RS
PR D OWFZEICT SNTZRE RS 5 &
B2 OND, BebiX, HatEREE sk iPS
Mo DR & AT, & 51T iPS MM S 7 B o
e ZAT > TV D, MM BRSPS Al
a2 7bicEE bz Lt &
ATVANARY Z—%% LT, ZDOHFETIE,
iPS HIRRAERUZ W 5 WM B IR 7 A3 ge e (R IR
TRAFE IR DI FREMFTRIZ L W A7 iPS
Mz E & 5, £/ 2 WREDOEZFRTIM
WM 5 iPS Ml ZERL T & 5, MiEHI %
HHTEDZ &b 2 E CTERBEE Lo 72
INROBEND B EHIHERATRE & 7o 72,

PR 3k iPS AR A > CORBMIIIE S T A
V= KRR E DS RYE O BEIR MR B A LT
HHTND, =—~ 2 E v 79 CHA (NPC) 1,
TA Y Y —LNCIEFHR 2 L AT v —v Bl
BNRERT A4 Y —LRThb, hIRHIC
FEIRE L, 26 < I TAREFREEIC T2 < HWVE TS
T 5, Bl 7L 2Ly MIBENRE
MTHY, ab A7 a—/LERIIx L TITEs)
Th b, MIZHERRIBEEITR, BCKTOIR
Brooh 3K Al . 2-Hydroxypropyl-B-Cyclodextrin
(HPBCD)i%., EWN CTIXEERMEENKLZ Y,
Pt EHEEIIRIESN TS, LTeRA-> T,
b & eI N 2 3EAIOBAFE S NPC {h
BOMETH D,

FL7=Bid, HBE iPS MR & 558 L 72 A
E PRI T, R E RRR IS 2 L = T
0 —/VOERREBBALONDZ L EZH LN E
L. 2 ® % % f o T H = I
2-Hydroxypropyl-y-Cyclodextrin (HPGCD) 75 % &
WD SHDHZ L& L7 (Fig. 3), S 51T,
NPC ET /N~ U A~DREERRTH | fhRkhE
DFFEZ I L. AFHE A IER <7z, Stk
FPERBR I HPGCD 13561 TBA% i HPBCD (2
ERCTEMCE NG oTz, LizhioT
HPBCD (%t L CRAREBM 2L H D & & %
Sy I

PREEHk O iPS iz £ < OWFFEE IR
B2 DIHIla R > 72 DN T b L O SE fifi 5%
EILETCHED T v | BIFEE TIZ 200 BILL B
HERMEB RGPS M A ERR L TP L3
7L TW5D,

Fig. 3 Effect of cyclodextrins on NPC cells

@) V7arT v IR

MR ) a5 3 v THEREICHOWT SR
#4T>TUW 5, Calcineurin/NFAT o 7 ik, Y
T I BWT 2O T A E %
THZLzBHLNE LT,

Ve 7o IS 7 HE E ToNH
BEPECIX, MRy # & Ry & I 3E- L Rl
(MET) #fgd 2t TV 7ur 7307 %IEC
L CW5, —HF., 7 HHEUBEOZYIERE T
1L NFATc2 & MHIN ARG Dl E 12 X vk
IACHERFIR BN+ CTdH 5 Sox2 & KLF2 DRl % |
H3K9me3 & H3K27me3 % ffili#42 = & <, #ilil
L. V7er 73078k LTWS, £
22N bDY T IO EFRIZIEG Z T BIT
ST FNVEARZ D Goaq BIFET 5 Z & RIS
HH &Mz LT,

(1) Origin of MSC
Mesenchymal stem cells (MSCs) are defined by
their ability both to undergo sustained proliferation
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in vitro and to give rise to multiple mesenchymal
cell lineages including bone, cartilage, and fat cells.
MSC is going to be applied for clinical medicine.
We wish to define the differentiation pathways of
MSCs. Using ES cell culture, we show that Sox1*
neuroepithelial cells generate MSCs at the highest
efficiency. In early embryos, we can induce MSCs
from Sox17 cells but not from PDGFRo™ mesoderm.
However, as the development proceeds,
neuroepithelium-derived MSCs gradually decrease
and most MSCs in postnatal bone marrow are
derived from other origins, which are also enriched
in the PDGFRo" population. Thus, at least, MSCs
are generated from two sources, neuronal and
non-neuronal,  with  those  derived from
neuroepithelium constituting the earliest wave.

To elucidate the differentiation process of MSC,
we generated knock-in mice which specifically
express Cre recombinase in MSCs. Since this Cre is
fused with estrogen receptor, its activity can be
controlled by tamoxifen injection. The generated
mice were mated with ROSA26 LacZ repoter mice
to investigate the MSC fate during mouse
development. Additionally, when these mice are
mated with various floxed mice, that system can
provide us to examine the function of genes specific
for MSCs. We first investigated the developmental
process of MSC in mouse embryos using PDGFRa
as a marker gene. The tracing of MSC origins and
destinations indicated that embryonic MSC emerge
in waves and that almost all adult BM-MSC and
WAT-MSC are originated from mesoderm and
embryonic PDGFRa-positive cells. We
demonstrated that adult PDGFRa-positive cells play
a role in improving the disrupted tissues in the some
pathological conditions.

(2) Differentiation of MSC from ES/iPS cells

As they can be easily isolated from bone marrows,
MSCs are expected to be applied for clinical
medicine. However, their availability of
self-renewal and multipotency are limited and the
procedures harvesting MSCs from bone marrow or
adipose tissues are sometimes invasive. Therefore, it
is eager to establish the novel methods or another

sources to generate the MSCs extensively and safely.

Induced pluripotent stem cells (iPSCs) can serve as
an alternative cell source for these MSCs. We
attempted to establish MSC induction from human
iPSC cells. In vitro iPS cell differentiation culture is
still very complex as various cell types are
simultaneously generated in the culture. This is one
of disadvantages of this system. In order to
overcome this problem, we have attempted to

establish molecular markers for defining the cell
lineages generated in cultures. Our study established
the definitive methods for differentiation of hiPSCs
into MSCs via mesoderm and neuroepithelium. We
adopted two steps for the differentiation to MSCs
from  iPSCs. At first, we  generated
PDGFR-a+/KDR- cells, which are MSC progenitor
cells, purified by using flow cytometry after
mesodermal and neuroepithelial differentiation.
Next, the sorted PDGFR-o+/KDR- cells were
differentiated into MSCs. Both MSCs exhibited
self-renewal and multipotency abilities and
therapeutic potentials for skin wounds, pressure
ulcers and osteoarthritis mouse models. In addition,
the treatment with iPS derived MSC were effective
on the pressure ulcer and osteoarthritis models.
These results suggest that iPS cell-derived MSC
therapy is effective on human disease in the future.

(3) Study for iPS cells derived from intractable
diseases

Samples collected from the patients with intractable
diseases are useful and indispensable for both
studying the molecular mechanism of diseases and
developing new therapeutic agents. However, as the
number of samples is limited, it is necessary for us
to build a system in which researchers can fairly
receive samples on their request. To attain this aim,
we are studying for the cell bank of the
induced-pluripotent stem cells (iPS cells) from the
intractable diseases. Since the iPS cells established
are able to be easily expanded and stored in deep
freezer for a long term, we can widely supply the
iPS cells to the researchers on their request.

In order to generate exogenous factors-free iPS
cells, we newly generated temperature-sensitive
Sendai-virus vector carrying the reprogramming
factors including Oct3/4, Sox2, KLF4 and c-Myec.
The method is powerful and useful for establishing
iPS cells from blood cells because the frequency is
higher than previously conventional ones and the
genes of four factors are not at all integrated into
chromosome of iPS cells. We can easily generate the
iPS cells from children.

We concentrate into the study of lysosomal
diseases using the patient-derived iPS cells.
Niemann-Pick disease type C (NPC) is a lysosomal
storage  disease characterized by abnormal
accumulation of free cholesterol and glycolipids. It
develops in early childhood, mostly dying by about
20 years of age in neurological disorders. The
approved drug, Miglestat, has limited effect and is
ineffective for cholesterol accumulation. There are
no other effective drugs. 2-
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Hydroxypropyl-p-Cyclodextrin (HPBCD), a clinical
trial in the US, experienced severe pulmonary injury
in Japan, and systemic administration has since been
discontinued. We established induced pluripotent
stem cell (iPSC) lines from NPC patients.
Hepatocyte-like cells (HLCs) and neural progenitors
derived from the iPSC lines accumulated cholesterol
and displayed impaired autophagy and ATP
production. A molecular signature related to lipid
metabolism  was  also impaired in the
NPC-iPSC-derived HLCs. These findings indicate
that iPSC-derived cells can phenocopy human NPC.
We also newly found that
2-hydroxypropyl-y-cyclodextrin (HPGCD) could
reduce the cholesterol accumulation and restore the
functional and molecular abnormalities in the NPC
patient-derived cells, and do so more effectively
than HPBCD treatment. In addition, NPC model
mice showed an improved liver status and
prolonged survival with HPGCDs. Thus, iPSC lines
derived from patient cells are powerful tools to
study cellular models of NPC, and HPGCD is a
potential new drug candidate for future treatment of
this disease.

Until now, we generated more than 2,000 iPS
cell lines from 200 cases of intractable diseases.
Distribution of iPS cell from the cell bank enhances
the opportunities in which the researchers face and
study the intractable diseases, thereby accelerates to
develop the new therapies that can cure them.

(4) Study for mechanisms underlying reprograming
in iPS cell generation

We are also studying the reprogramming
mechanism in the iPS cell generation.
Calcineurin/NFAT signal plays two conflicting roles
in the reprogramming. At the initial stage from the
start of reprogramming to the seventh day, the
reprogramming process is positively controlled by
the maintaining cell division and promoting
mesenchymal-epithelial conversion (MET). On the
other hand, at the late stage after day 7, expressions
of Sox2 and KLF2, which are undifferentiated
state-maintaining  transcription  factors,  are
suppressed by NFATc2 transcriptional factor with
controlling H3K9me3 and H3K27me3, resulting in
the negative regulation of reprogramming. We also
found Goq, which transduces a signal to the G
protein, as an  upstream  molecule  of
Calcineurin/NFAT signal in the reprograming.
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