- SH6E9A16H
KISTEC BAERXE, B
F25EGHAEB RO D L

BAEEBRDOEERKRGHA - MBERERIC

nn

REFDEZAAZENT

Zk Bio
EERERMBEMBFENRER EmibR
(BRI ERRIRETRT RERSATYA T REMARTOS o ERBHEA)

AERTHERNONTVORBERERBEOAETH-T. BILIEEREBERBFEMERLS LV
BEFBELGOVICHRINBRIERRNTREARAOLXGCRETILILLHYFEA,




CRAEBO RO L
COIF =

EERKE £k A
EERXE &t GA

ERANTICEEL, BEIFH, RIS
COIRICHAERGEEBYFEE A,




BAEER] & THEEE]

(B4 EE]

> ¢ Mg, I=9R. B1F. FEERMIETICELY, Hig-&=E
DNROT-HREZBELTVLWLERTIEZBMIC,
VUL BERRRIDN DAETLVAHEBEEY I T OER

\s
&

7448 [A—OyN\BEZHHEDEE

[ FHRE R

A TIIEGRES B hR, AR
A FEREHEOMBEERETSCLICEoTENDER
S BB ETR. ME.ABLVLUENT AL

A [KERREERD (FDA) OEH%



BEER e e R =

regenerative medicine cell therapy
#A A& Hn T 8 &,
(¥R I 9)
m|
I &Y
L Ef-a- i -
AL -BEER %
(BBEOBLEER) : L
g J
S 3

it
o | #Ea-#EE A
It | sl - e E

&
2 &
‘| Tep &P

EE-HlRzELTLVEEER igsr ClBOBEAEZBMELELHRER
(. MRz EE Lt ESEFEREL. (fl: RFHEDREIZEEHHABR)
BEOHRATHBZRESELAR)

=/



BEER AL R { L s it L

. . (ERi265E118)
regenerative medicine cell therapy

B FAEASE S
HHAa I TR &
(¥Rahn )

1

»HY

)

0 4 St T

o
o
\_

1

I
M t-$HRa - A ~
AW -B4ERE §

o FL
gl v

o | MR- AHE
& | - BEER]

(RBOBEER)

EE-HlRzELTLVEEER igsr ClBOBEAEZBMELELHRER
(. MRz EE Lt ESEFEREL. (fl: RFHEDREIZEEHHABR)
BEOHRATHBZRESELAR)



HARRIMN TR S OERIENDRE

> AuteR £
> AIEER S ORBROT=H D 5 H 0 oY R
’é%ﬂéﬁh_\is ﬂﬁiﬁﬂ%lzﬂ
> SRERRT 100 AERIE- 1
> EYRNE - REEICH eSS TR M- B8t
> EEEL-EETEEE - St - BEMEICEHEEER L

> EEMEMR EICKDINEE M L - EROFF#R Al e TERER




HARRMN TR S ORTRMTESHE

BESIE OOy | B®SIE O E A OMEEORE®
FEE ./ PREEGEOOvFED RE/ PHEEEPD
o8 0 [£5 D% EaOEEOEOBEDESDE

(B G/TREORE ] [HRERDOARY—1%]

~_/




E 7 R A R A B 2R T

IR A TEHth - )1 v B T E BR B RS AL = (2017 E~)

Annzueum
/
K Sincel 874 y 2

] 2 x Life Science & Enviromientresearch center(LiSE) ICON + Japan Radiolsotope Association
z ¥l = (0.7ha) The operation starts NBERE
: ; = 4 | iS in March 2013 Center Of (iCONM) | | CYBEROYNE Inc. (1.5he) | (1.0n3) Willbe starting in 2017
= > B e Central Institute for Experimental Animals, 0.8ha) The operation starts in Apnl 2015 =
, i) ¥ (R 18 iy Ll i w——————=  Regenerative Medical and New Drug |} x <7 N )
; T v (A - - ] o CIEA Development Research Center TOKYO
& : 7 L (0.8ha) The tion starts in 2011 \
) : e S R T R \/ Apron Zone \
% -5 2 Bicits: \ "Z" 7 \ :
‘A - *
¢ ol = b ; 5 f
Y 2 = o0 52 : ) N 4 Tokyo
X Y - = a 3 V7 H AN E DA Internatlonal ‘y
o stituteo BT Na G R Airport —
: adid ¥S POR77—=#stam \ / N i ‘
= 3 School of ) <
3 Health / T A ,
. ; / ama River .
Innovation| Y,
- !
ESHIMADZU  [Lmee N
¥ Tokyo Innovation Plaza :" z
z Intemational
3 DJETh DAIWA HOUSE INDUSTRY * Bridge Zone
gl - J< ,LTD. (4. . & -
i e o CO,LTD. (46ha) c D ""” A5A
R ¢ p contactand conveyance R 2014630 |7t
: 1 ’ ” % G Life Innovation Center (Kanagawa pref.)
| 7 - Y NS —] X (0.8ha) Wil be starting in 2016
o) Mectronic Keio University : - X
'l
= » L ”Crul- Medic Co, Ltd (0.3hs)
- o mevive Wil be starting in 2016
. £/ Sangyo-doro Sta. il
S _/
- L 2387 = .
ety E S
5y G

PEPTIDREAMING ( 0.47ha)
=

Will be starting in 2017.8
: KAWASA

4\\ National Institute of Health Sciences
\ (2.7ha) Will be starting in 2017

%‘ %, S
b 7

2 %
7 Tonomachi \ = pepiinom o
JSR| i I Vel Entrance and Exit | 4, 4§
A SR Corporation |y Ao 4

*K

http://www.tokyo-np.co.jp/article/kanagawal/list/201803/images/PK2018030502100044_size0.jpg

ANA Tonomachi Business center (3ha)
< Catering Center Building>
Gohmesuichmcn SERLART The operation starts in "OHANA’
Yodobashi Camera Assembly Center <Administration Buiding>
(8ha) The operation starts in 2005 Scheduled to be completed in 2013

Tokyo Science Center
0.3ha) The operation starts in 2014.8




T\ E L EELE AT

> 18744 IHREEBEIFEIFIELTERIL
> BARTERLEUNEI R BRI RS

> B E A ERH N AR E

IDJxR)ORRE

FKIEE (FD40) | SRERE (260) /&&%ﬁzlz (54%) .
EHERZR 6. ARRHE(7-94) -

EK*JJG)TE%E‘J
g REESE=(1640) . ILFE (214%) . FRAS (226%) W [ 027725~
CCESEEEE G/ Bl (2310 BRI (2410) § 0 [vmidine

CI=y. 3%, & AMEFR GIK-BHE) \
FRUSL) DR "

Lo I Ry —]
- ﬁ EBSILFFEL)
Y:E:



135385698

https://yakusoutohana.shop-pro.jp/?pid

F vs. xR DEF (~IF7E)
BABS AERAERLRIESNTEIHT

EHZOHEEENEED 3
=
7 OH q;:.
0o OH N///%Hz §
ThARREI Y
NN yH—

(CILFFHEL)

EHERZR 6. ARRHE(7-94) -
AESF=(164X).
‘/N 05 RRE#H (241%)

HO ﬁ % NH oy on 7ODE‘/
o R e (5 LaR LRSI L)

OH



https://yakusoutohana.shop-pro.jp/?pid=135385698
https://taberugo.net/2993

FRELTOIBEESRIISEDEREIZHA DI ?
@@;%ﬁwgew]

[ & TR TRl (= NERESR INHEREFEES ) OEER
=TflamIsR i &r?222] (=IBEEZ)) OBEE

- SHLEROKS K




FRELTOIBEESRIISEDEREIZHA DI ?
@@;%ﬁwgew]

(3 & THBERIZ /SiERl (= LHERER INERERS ) OF®K

=T#faMIRHBEI ET? 2 2] (=2TBEES)) OBERF

I gm-wnsRory—itE
- SHLERORS K B 2 f- i (o Fe 5 S

g A T8 &= %HHE%DJGJ A
[(EOFMBHBIOREE. TNICEITEEE X,
ESTNIEKILTHDOI ?




MRKE DI AR —14 12 BRI I5-ODORTNDE

e FIZIX. etAlaEA 1005 @H-TEH, TDHE
EEEREITLIOIIIBELMNMEWNEWNSFEEHYSS,

-

s ZNEIEARY—HMZEIRZBIEITHLET,. TD1FEOHBENE
D EH5EEFEEZEHE>OMNEHELEMZTIL.
EIEICEETLOIMERFE(EERERMY, coA) ZHR LI

3




=51

A —E7l RZH1E 19 D8

Stem Cells Translational Medicine, 2023, 12, 379-390
https://doi.org/10.1093/stcltm/szad029
Advance access publication 2 June 2023

Original Research OXFORD

Single-Cell RNA-Seq Reveals LRRC75A-Expressing Cell
Population Involved in VEGF Secretion of Multipotent
Mesenchymal Stromal/Stem Cells Under Ischemia

Takumi Miura'?#, Tsukasa Kouno?*, Megumi Takano’, Takuya Kuroda', Yumiko Yamamoto?,

Shinji Kusakawa’', Masaki Suimye Morioka?, Tohru Sugawara?*, Takamasa Hirai', Satoshi Yasuda’,
Rumi Sawada’, Satoko Matsuyama'®, Hideya Kawaji®*¢, Takeya Kasukawa?® >, Masayoshi ltoh?,
Akifumi Matsuyama®, Jay W. Shin®’, Akihiro Umezawa?, Jun Kawai®*#, Yoji Sato*-189

'Division of Cell-Based Therapeutic Products, National Institute of Health Sciences, Kanagawa, Japan

YCenter for Regenerative Medicine, National Center for Child Health and Development, Tokyo, Japan

*RIKEN Center for Integrative Medical Sciences, Yokohama, Japan

‘Biopharmaceutical and Regenerative Sciences, Graduate School of Medical Life Science, Yokohama City University, Yokohama, Japan
SCenter for Reverse TR, Osaka Habikino Medical Center, Osaka Prefectural Hospital Organization, Osaka, Japan

®Research Center for Genome & Medical Sciences, Tokyo Metropolitan Institute of Medical Science, Tokyo, Japan

"Genomic Institute of Singapore, Agency for Science, Technology and Research, Singapore

8Life Science Technology Project, Kanagawa Institute of Industrial Science and Technology, Kawasaki, Japan

Department of Cellular and Gene Therapy Products, Graduate School of Pharmaceutical Sciences, Osaka University, Osaka, Japan
*Corresponding author: Yoji Sato, PhD, Division of Cell-Based Therapeutic Products, National Institute of Health Sciences, 3-25-26 Tonomachi, Kawasaki Ward,
Kawasaki City, Kanagawa 210-9501, Japan. Email: yoji@nihs.go.jp

iContributed equally.



B A EE-H

feaf &l ariife )

RIE (FF—)DARRGEN D, MEAHEYIEZ LU igas (51 Z (30 i ) iR,
BRICBELGETOESAZEERICFICANSDIIFHETIEHYFE A,

MED S (BHAEREDCE

N7 E) TEPELGZLN\OH ? ]

=R(E, Dl PG E TR T SR O#IE CRAOMEEHAR) (TIFOTENTEET,

.

g o e h o M
DHRHELTEHSEEEIE—T B DEREEN 1L m P
QRN EEIL T B EREN 1E 3D
Ol 3 8[| h

NDZETT -/




BEER - aRe Frilia

EE A ATEErHIR = MEEHAAE (HSC)
~ N | EIEREEHE (MSC)

. AR DMBEICTFET S5, 7 o
—EDRONI-FEEDMMIZSH tHiEETHEAL (NSC) 73 &

fLATHE. “w

. HEEHITEER S@lEy
\_ J 0
2 BETERRHHRE ES#ARE

. iPSHHAAR > [~
. BREERETIETOEEDM €3
RIZ4IETES, &

« SRMEFITHER




MSC(EBIFEREHEBIERMB BH#MAid) DL EHEE

https://www.mdpi.com/2306-5354/8/5/69 #hZ

Differentiation into B -BEANDDE
bone and cartilage (HREEHLE, REERIE, BREE)

Osteoblast MSC Chondroblast

Cartil
Bone 4= E‘i\z}@ - ‘_ﬂ artilage
Angiogenesis ik [ Proliferation ]

m &4 support .. MSC

(i MtEaE ) — -
4 Suppression -
” of damage- Yeoee st Osteoclast
2 HE D related |IDO "o / ;
p . TGF-B ® 0000 regulation

(GVHD, ARDS, |_inflammation ) it L RANKL *2°%
B, N1 o OFe

BEMSCEEMSETHMBMIRMIE. HRALEBERNRICERNINTLHEHES



https://www.mdpi.com/2306-5354/8/5/69

S5SMIDRIE (&)

Rz M &R

MEHTERTF e
(e.g., VEGF) MRS
® o A SNY

SC
PP

MEFE

VEGF (m&mrmrtisg7;
vascular endothelial growth factor)

MmEHEZRTY>/\OETT . VEGFH IMERNAH
REICEART 3 &, MilemnZvOtiE. MR EZFHEE
L. ZOFER. BFOMEN SKRDHMNNUIZFHTZIM
B ENE T (MEFHE) -

https://oncolo.jp/dictionary/vascular-endothelial-growth-factor



https://oncolo.jp/dictionary/vascular-endothelial-growth-factor

Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

FEEPRDIRIBZ IR UTCRERSAF

BM-MSC (P5) Supernatant collected, 800 ™

seeding RNA isolated B Normoxia
vlr l w e R o o o W o e R B Ischemia
: : : 600 “
Day 0 Day 1 16 h =
MSCGM DMEM ‘ga (ﬁﬂ??? {_ﬂﬁ)
Normoxia group 0. 20% Glucose (+) / FBS (-) £ 400= INT S/
5 02'. 20% % m*ﬁ%
w
DMEM >
Ischemia group "328%‘35)2' Glucosg (-% g/FBS (-) 200 =
T 0-
K% - )L —XRB UL L2 L3 L4 L5 L6 L7 L10 L11 L13 L14 SB1

BM-MSC lines

VEGFD miiblFE Oy TRELIES DL



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

SO0 - RSOROUD M—LfER
HEBRRSE

SHAEEMIRIET D
BB R MSCs C )
ells ¢ _
. b 5o NP
"j:si' v® | ] e
(:): oo —> : — 5| Ug
& Jo j" .' (% .
» " o o )
ol | UMAP 1

BM-MSCs (P5) Sinale cell libraries Sequencing k Expression profile Visualization /

11Avk

@< Dk 0EEFHER/NN2—2 THRESE



Miura T et al., Stem
Cells
Transl Med.
2023;12:379-390.

1. Cell culture and assay
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Correlation between cell number
rate per cluster and VEGF
secretion under ischemia among
MSC lots

contributed o»VEGF secretion un ér ischémia

LRRC75A was highly expressed in cell
subpopulation contributed to
ischemia-induced VEGF secretion.

UMAP 2

Reseach applications

* |dentifying cell subpopulations and
biomarkers that correlate with
therapeutic efficacy of MSC-based
therapeutic products
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MSC-based therapeutic products



https://doi.org/10.1093/stcltm/szad029

hMSC (k MEIEREF R,/ BERBES#ME) OB

hUSCDAEF =7'F F>DE I [477 ) &L TDhMSC= [—#&HIHhMSC]

SR A
hMSC

. SIS TE. REMASETHAIE
e BERDES o= XM RAEDED>E | TISENTEDEENS.

"~ 118 b
ﬂ}c; ' k(.
Bie=\ B TERL: [BEFASOHMBEOARE—1E 1.
== b OhMSC RIFRICEENS IO FEHHWERE—EITHBLEL TS EHETES,
(=FE D) =& OvrHEDIZZRMOMBOT—4ELBEETHDISRIYL TS hIE]

[BRIFICEFENSHEDOEHHNERY—1% ] ZBALNTHENTES,
ZohBERA hMSC DARE—EI1DENHETETES,




Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

2200l - NSORDOUT b—LEIR

BM-MSCs
(P5)
BEBIRIE
S)a—zr !
(+)
=y
hMSC ;
-
0
-5
-5 0 5
UMAP 1

o000 000

CLO
CcL1
CL2
CL3
CL4
CLS
CL6
CL7

B 10 4
o 5
0-
-5+ i ol :
e A S = )
L10 L11 L13 L14 SB1 — 4
104 ! LS % L § ® CLO 'hj‘ol'\—c
N R R L
My G Ay Ba R i3 | RS
0-
' ce2 | HrDEA
| AR
. I3 I IT I ETs IOl (XREraE)

EREHENMMSCOB SRR, sEFEED
DSRAB—|_ETEHEHETED

ZFO0YrDFE—HINTBEADTY—1E]
NoEDLLWALTWSHINRARDS




Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

2200t - RS2 RDOVUT b—LEiR
-1 FIEE 2

B =
(m;ﬂ ) E Cluster 0 Cluster 1 Cluster 2 Cluster 3
- 600 -
BM-MSCs (P5) 2 6001 Foo%e° o 6004 rs=-0.15 . soo{ rs=-0.23 60041° rs=03
-[nl BERRSE g = P ] s p=027 g o ] p=0085 & ' p=0.025
B Iba—2 (=) | 5 s00 . § 5001 e 5§ 500{ e § s00qe e—
L3 - g 400+ 5_ [ 5 [ 5 s S ]
5 = r = - = E e |
3 3 . 5 E 4001 o, 8 LF40 ~ . SE407e ] SE 4001, ¢
F g B . [ ] -U“g » 2 . [ ] -5 [ .
& - £ &30 | * S&300 M B £ & 3001 ° H £ & 300
o g 21 i L w . L LI ] «* L i
~ > 5
VEGF4%3 li 1 T I i I L I A
0 s ' ' : !
L U L L 100 1, y v - 100 pepeepeepeey 100 ey 100 . . -
SS&IE5 509 10 20 30 40 0 10 20 30 40 15 20 25 30 35 20 40 60
BM-MSC lines Cell number rate (%) Cell number rate (%) Cell number rate (%) Cell number rate (%)
| - Cluster 4 Cluster 5 Cluster 6 Cluster 7
e CLO
10 e CL1 eooq ¢ rs = -0.38 600] ¢ rs=-0.26 6009 ¢ = 6001* = (ﬁﬁm)
. CL2 2 § =000 s ' p=0055 g L] 500021 2 ' oy
a - E -
i % 500 .c % 500 . i g 500 ; g 500 ; % n \\J F
e g 4001 | . T 4001 e . e 400-! 23 400 I'
@ = '] @ ] = o=
: ® CL7 € 23004 g - €8 3004 !'. ¢ » €& 3004 8 S840 ] "B(T%
L] L ]
% PO (LD PO T T . b : =
< o 200 ' 200 ' G 2001 o 200
D . . —
I LI T W EELENN S| B | B % b Y & E
0 2 4 6 1 2 3 4 5 0 2 4 6 0. 02 04 06
Cell number rate (%) Cell number rate (%) Cell number rate (%) Cell number rate (%) ' — E j— 6
L =
p T HEDEE
SR T - AET7 T VIERIHEBE R AL
UMAP 1 -~ 1AL =R

(&ZEDHEEMER)



SO0t - SR

BM-MSCs (P5) %

BERRSE 2
Fa—2=z(—) §
-

o

UMAP 2

-5

CL3TRBELARLTWSEEF

Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

BT -EERHRFGE
Critical Quality Attributes

(CQAs)

B0 =

600 -

400 =

2004 1 .
I!!

D TTTrrrrTrT
39353525

@
=
=
8L
5

L N NN N NN

0
UMAP 1

211

L 14 =} —
SB1 —

CLO
cu1
CL2
CL3
CL4
CL5
CL6
CL7

Cluster 3
Gene name Ave log,FC ® 5 =03
E —
LRRC75A 1.0357 8
KRT7 0.8382 3
KRT16 0.7902 3
= 2 P e
Clorfs6 07815 | LRRC75AITEMMIBTD |2
CRYAB 0.7696 SV I—- -
HSPR1 0.7572 VEGFﬁHEI-EEE‘J'-#'ﬁ' 2'0 4'0 Gh
: e Cell number rate (%)
MTRNR2L12 0.7060
AC192065 g, . .
:gjz}o(’) = :::g;‘: 500 *k Il siNegative
T SiILRRC75A#1
LGALSI 0.6573 -
ID1 0.6525 @ 400+
MT2A 0.6424 5
SI100AT1 0.6312 3 = 3004
coMP 0.6132 @ __E_
. - oD
EIF5A 0.6057 sa 2004
FLG 0.6049 %
SH3BGRIL3 0.5970 w o
e > 100

TPM2 0.5859

POLR2L 0.5555

GADD45B 0.5543

Ischemia

Normoxia




hMSC (k MEIEREFHE,/ BERBES#ME) OB
(Rt

CL3THIRT B LRRC75A 3.
EMTFTTD AUSC H > DVEGF D7 % #EH T 3

hUSCDEREF =77 F>DES [477 /) &L TDhMSC= [—#EI%4hMSC/

FRERFEhMSC

SiEHIEhMSC
&) 110k

o4y b

gf\,c |
Eﬂ%@@ Eﬁﬁr?af{iﬁﬁ L7
¥EDY DhMSC
( =BEDRE) 1
1 TAMEYER

f—=2T vk



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Bty FOEERENRMSC (BM-MSC) ([CH TS CLIERMRRDREE

scCRNA-Seq Analysis for the Test Set Reference Data Set
(4 lines: L15 —L18) (L2-SB1)

Cluster A
Cluster B
Cluster C
Cluster D
Cluster E
Cluster F
Cluster G

L]
®
°
[ ]
[ ]
L]
L]
® ClusterH

0
UMAP_1 The test set data were merged using
FindTransferAnchors function with the reference
set and identified a CL3-like population.



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Bty FOEERENRMSC (BM-MSC) ([CH TS CLIERHRRDREE

% Distribution of Cells VEGF Production in Spearman’s Rank Correlation
in Each Line of the Each Line Coefficient
Test Set to CL3 (During Ischemia) (% Cell Distribution vs. VEGF
Production During Ischemia)
60 - 400
_ correlation g
g & o
By am)
g% 5 200-
EO £
2 £ 20- g
§ E 100 -
(U] &
0- g 0- 1;—,

L15 L16L17 L18 L15 L16L17 L18 B 0% D20 30 B0 50
BM-MSC lines BM-MSC lines % Cell Distribution to CL3



hMSC (k MEIEREFHE,/ BERBES#ME) OB
(Rt

CL3THIRT B LRRC75A 3.
EMTFTTD AUSC H > DVEGF D7 % #EH T 3

hUSCDEREF =77 F>DES [477 /) &L TDhMSC= [—#EI%4hMSC/

FRERFEhMSC

FRERFZhMSC

i Blo 40y b
Et WECERALLE
BEQy FOhMSC
( =BEDRE) 1
. FZ MYk

N—=24 1k



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

BERGFRMEEREhMSC (AD-MSC) (CHIFSCL3ER A

scRNA-Seq Analysis for i g
« €3
AD-MSCs (4 Lines) 4 . .
Spearman’s Rank Correlation Expression of LRRC75A
FindTransferAnchors Coefficient in AD-MSCs
function (% Cell Distribution vs. VEGF
S P S Production During Ischemia)
8001/ o051 ) ,55?075'4 4
Clustser3 p=0.021 . i A
5 5 . 500 — 5 3
® CLo E, '; ¢ 2
N o e cui S a00{g° . N
ci 52 | 1
T O
So S0 . &5 5 = 3001 -o
® CL6 & 0
=
200+
® ° 100l ! K
B3 3 5 10 0 10 20 80 40 50 - Yvapt 10

UMAP 1 Cell number (%)



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

BERGFRMEEREhMSC (AD-MSC) (CH TS CL3ER

scRNA-Seq Analysis for o Suppression of VEGF secretion
AD-MSCs (4 Lines) ‘ 4 in AD-MSCs by LRRC75A siRNA
, 400 * Il siNegative
Fderansfe_rAnchors — Bl siLRRC75A#1
function
ORI 300~
E
= 200~
G
. . Clustser3 <
100+
® CLo
« ® CL1
: 3 Y o
) 5o e Normoxia  Ischemia
® CL6
In AD-MSCs,
. * CL3-like cells contribute to VEGF production under ischemia.
B : * The expression of LRRC75A is high in CL3-like cells.

UMAP 1 * KD of LRRC75A suppresses the secretion of VEGF.



hMSC (t MEIZERFME BERESME) OBREF
(Rt

CL3THIRT B LRRC75A 3.
EMTFTTD AUSC H > DVEGF D7 % #EH T 3

hUSCDAEF =7'F F>DE I [477 ) &L TDhMSC= [—#&HIHhMSC]

BRI A A E#EE
4 hMSC hMSsc hMSsc
l

SBEHIFEhMSC
118y k

SiEHIEhMSC P& B #E 8k Hh 3l &= EBREhMSC
Bl 48y b hMSC 4a vy b 50y b

Gt FRRTHEALLE
B¥ERY FDhMSC
( =9 EDRE) T
1 TAMzYE

f—=2T vk




Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

AR HE¥EhMSC (UC-MSC) (CH TS CL3tki A

“IIIIIIIIIIIIIIIIIIIII..

scRNA-Seq Analysis for = i . o .
UC-MSC q5 Li Y ‘ ggﬁ VEGF Production & Data from :
“MSCs (5 Lines) 31 i in Each Line : Another Group :

i e FindTransferAnchors (Normoxia/lschemia) = (Normoxia)

. function : E

/ T wbes * \ 400  (BM-MSCs) Bl Normoxia = 1500 .

B Ischemia = % T .

3004 - A . » L owwww '« : [

UC-MSCs E t E 1000 ',_.*m. .

* UCo ® CLO o . @ :

\ e, Clustser3 ;S 72007 . g g :

e UC3 O] - n

® UC4 L : 500+ ]

“‘. S UGS o > 100- . :
& 0 uc7 0 : :
g ‘ % 0 -/ ND.ND._ND. ND.ND. N.D.ND. ND. u o [-‘ .
" " ¥+ o - - o = BMSC AMSC UMSC PMSC -
§ § § § § . P<0.0001 =

o — — ~— - L :

s P S o o o o = -

i 0 5 L O et . ~ R T T ~ = Du WJ, et al. Stem Cell .
A - 3 5 3 3 *  Res Ther. 2016;7:163, :

*

..llIIIIIIIIIIIIIIIIIIII"

UC-MSCs



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

EFHE¥EhMSC (UC-MSC) (CH TS CL3tki A

scRNA-Seq Analysis for
UC-MSCs (5 Lines)

UC-MSCs

585688

ssessnse
SELEEREE

. FindTransferAnchors
\ function

Clustser3 ¢

0 5 10

Expression of LRRC75A in UC-MSCs

L E

2
44

NI
2
-4+
_8<
-5 0 5 10
UMAP_1

Significantly fewer cells express high levels of
LRRC75A in CL3-like cells.



CL3THIRT B LRRC75A 3.
EMTFTTD AUSC H > DVEGF D7 % #EH T 3

B a5
MERSY LIKELY. TOBETFRUE

FREERhMSC W mesi sehISC

b 118y b
L N Blo4ny e hMSC 40 E“‘ 5A b Nt
0 I, } ! | |
Bias mRcEALE 60“515‘ " 0“515‘ 60“515‘
B¥ERY FDhMSC
( =9 EDRE) T
1 TAMzYK

f—=2T vk



I & JHr 4 - VEGF 7 b D

BREZEHFT 66,
| C DR SR FZE R
2D NI Pl SV RV R RN 2 TELHLSICHET S

800+ —] CL3TRBELRALTWZEBETF Eh TLV-CQAs
5 kvF20 Cluster 3
BM-MSCs (P5) E o0
ﬁ&ﬁﬁ E g Gene name Ave log,FC 'E
JTna—R(-) § 0 | LRRC75A 1.0357 8
i, .iiii i - f_ 1. KRT7 0.8382 %%
w g 21 KRT16 0.7902 58
Clorfsé 0.7815 LRRC75AITHEMBETD N

BETEETEEEEEES croas V| VEGFSMIBICEEMICE S

HSPB1 0.7572

20 40 60
Cell number rate (%

MTRNR2L12 0.7060
= AC092069.1 0.7024 . :
10 b \DIRE 06712 500 - *ok Il siNegative
® CL2 ' s Bl siLRRC75A#1
.o LGALSI 0.6573
e CL5 ID1 0.6525 o 4004
-~ CL6 . =
5] o cL7 MT2A 0.6424 =
& N =
o [ 45 S100A11 0.6312 8 ~ 300-
E . CLG COMP 0.6132 5E
: e i 22
0 “oi> EIFSA 0.6057 S 2 opp-
: cL1 FLG 0.6049 i
SH3BGRL3 0.5970 i o
cLo : T = 100~
TPM2 0.5859
B POLR2L 0.5555
— -
5 5 GADD45B 0.5543 0

0
UMAP 1 Normoxia Ischemia




HARRMN TR S ORTRMTESHE

BREHI S 0Oy rREAS R &L rh D1 4 O #l I8 0D [l AS
rh RS54 2 D Oy R E D B RS R o)
B2 OMBEOBEOREDIELDOE

(B G/TREORE ] [HRERDOARY—1%]

~_/




BEER - aRe Frilia

5t

kit

AEErie

~
« BRARNOMEBICHFET HEFME.

- SREFIFR

—EDRoN-EEDMARIZH
{E AT BE,

= MEEHAAE (HSC)
[H I R 25 HlAE (MSC)
HIZER IR (NSC) i E

)

. e
= \1;;!]

S ‘ ;

b
S ) A
Py 4
" 'VVY

ZEEMEET MR

c BRZEERITSIETOEEDM

BIZHIETES,

« SRMEFITHER

ESHHAa

iPSHHAD » ™




R ELTENT=ES/iPSHIRE 1&1E ?

#) ErZRETEFFHIRE BRI 28 1T D B FEMRE A~ D 73L& E] (propensity) D &=

Differentiation propensity: B high [ medlum

T

A

b

< Neural Hematopo- Ectoderm @ Mesoderm | Endoderm
Collling |  mnee jetic li I I I
ge ietic lineage germ layer germ layer | germ layer
HUES1 =N -0.30[ > 0.06|% -0.59
HUES3 |=h -0.29|=h -0.01 <p -0.23/<) -0.07 =) 0.08;
. . HUESE |y -0.78|=p -0.26/%¢ -0.51/=) -0.05 =) -0.47
Bock et al Cell. 2011;144:439-52 vess o -0SONEEEEEL  -0.1708 : ;
HUESS |y -0.89|=) 0.31/54 -0.75| A .51|cH 0.37 -
| L on s aee ool | EFNPS/ESHIBE#RDEIL /Y
SO HUES44 | A 0.70|=) -0.27|24 0.52|=p -0.48|) -0.45 E r*ﬁ"bﬁ 'b r g ﬁbﬁ a) 37’—6
v‘ HUESA4S | -0.46|=> -0.26» -0.49/=) -0.02|28 0.65 J BTt
7 2 e HUES48 |24 0.83[=) 0.18/24 0.70/=> 0.24|4 0.55 = fuis
o Es/ips ceiis BN IR o BER o3juosel> 026 mEBELTWSE. _
HUESS3 [S4 1 =0les| : 1.19) &  -0.20| E H"th‘éﬂﬂﬂ/\wﬁ1t§ﬁ$'h
‘ HUES62 |=p 0.25|=) = 0.24 . o
Expression profiling for SSeed 2] g A e / ‘7“}#75?& Lbj—b\
500 lineage marker genes S ‘ B b =6 /
HUES65 |=p 0.19|=) 3 -0.15
’ HUES66 |gA 0.59| %y 22>  -0.37
Cluaniiioation: of z H1 54| o) -0.56
it e taeice Ho i aeslo > 016
. Neural Hematopo- | Ectoderm @ Mesoderm Endoderm
Coll Niwve linea ietic lineage | germ layer erm layer erm layer
- ge ie B B y 4 Yy B! Y
Gene set enrichment analysis for hiPS 11a |[S9 -0.69|=) 0.18(=p -0.37|=h -0.23 |24 0.83 [ \
lineage marker genes = hiPS 11b |[SHREESTAR =) -0.23 |5y -0.96|%4 -1.03}=) 0.47 —
B h'nPS 11c |=p -0.22 ) 0.40(=) -0.03|=p -0.16 ) 0.37 % 0) iiﬁl%} 75\ ?
"" - hiPS 15b |=p -0.48|% -0.78|% -0.63|%4 !
Lineage scorecard estimate = hiPS 17a | 0.19/= 0.05[) =S J O &
of differentiation propensities = hiPS 17b | -0.07 |=p -0.48|=p 4
hlups 18a (& 0.28(%y -0.52|cp B ﬁiwg{nng{ﬁmi?)
hips 18b B 080l -0.72[4 84| HBREHFELTOEILINHTIE
_ s hiPs 18c |gd 0.93|3 0.65[24 -
rg’ﬁgﬁ] (iﬁﬁh‘l-ﬁ:&éﬁ\ hiPS20b |  -0.37|s 0.47| 1 I'E H‘J':iﬁ')f:ﬁﬂ:ﬁn 'ﬁ‘":,ﬁ'éj
s % hiPS 27b |24 0.52|=» 0.50(24 2 s
ﬁfaﬁlfrﬁkﬂﬁl'ﬂj?ﬁ\'éai'gaf h:PS27e _g 1.04)0 Eﬂﬁ&bf%ﬂﬂ'é%\gﬁﬁé
hiPS 29d -0.25|=p 0.04|c) D \ j
hiPS 29e & -0.99|%y 0.60|5 54

39



[EE-FM Iz LT D DKY ]

E— /LR

BHIZE--BB (EM) E2FENDIFTHET. EMBTEKRLWVERER) MAEEVES
[RZmMADIEDLY | TESGORMITEERM | EVIRMINT-FH ]

40



35

od} g B e

30
(T

25
20
15

10

VA 2F B

]

! L
5 10 15 20
ER7ILI-ILRE (%)

https://www.suntory.co.jp/whisky/museum/know/hakkou/iroiro.html

EWE



https://www.suntory.co.jp/whisky/museum/know/hakkou/iroiro.html

[EE-FM Iz LT D DKY ]

BRICE BB (ZM) ZEVTTHILT. EMEBTERLVN(ERED HAazfFYET
[ZHADIEOY) TEGORMITEERM | ECIRMNTZFRH

&

‘,gc "";r,-*

N ¥
‘\\\\‘5 “"X\u/.é'< Y %
‘/;i ° Z::( { )
7N
h a,.«{:;i:'g\.-' »
&3 >

g N

Y

Y-

[EIRME D IER

DHFR

EVBRETRENE V&R M (B Z2HET 1L BRISEST=RHM
(] R DOHMIEHR) T IXZDHREZERT D (BELVGAD) CEAEE 42




TlX, ESLELlIRWVEM IZESCENTELIDOMN?

B e R
INAAR——
EELEETE CTE Y EEYE R
(FEEZ[FHFYFE, CMA: Critical Material Attribute)

BiRT B0, Eh SRR AT ORIEIEEEELEL, g
BB ORIELL TRE DR R E(FIR rﬁ*ﬂwﬁﬁgﬁﬁ
Ju

[ FEER LG DR FONENGTERFR RAEDFEDRE J




iPSHIE S E{ER Y —h—DIEFE

. AR

10%k AT REMTFIS h
TEEE —
Wi
<A7OF7 LA il £ %05 i)
(MRNA, miRNA) MER—H—BIET =
MgRT-PCR T
Sk4MEAiPS MIRA D iPS HIREDZHRDFLEBEEERD
EBIEFICHITEEHKD .« HIREADHEIREDIRLL
- mRNA X2 0|E{L © HEEADSIEEEDIEL

« miRNA EIHEDIE /L o NIEEADDIEIEEDIERL



iPSHiREIEHRE TMED LY = (MEfER) I
KERINZYFDH D

NIRET—h—A4A58EF HHREET—H— 56181

mPSCs

Cell line

201B7

253G1

409B2

Ai-100

Ai-103

mc-iPS

R-1A

R-2A

R-12A

Tic

Ectoderm

-11.8

-14.3

> /
— o ER
Differentiation Iineage

Mesoderm Endodern

1.5 1.2

-12.6 -9.5

0.9 5.6

0.2 3.0

-2.5 4.4

12.1 -0.4
M High [ Medium @ Low

Rank of 1st PC score

O © 0O N O o0 A W IN -~

TaqMa}p array

)

s 00 0s
Factor(1)

—_—

== mc-iPS
== R-1A
e 253G1
== 201B7
=== 409B2
=@ Tic
et Aj-100
e Aj-103
R-12A
=== R-2A

Ectoderm

Mesoderm Endoderm



iPSHIREERIY—H—DERE

ulmg‘.
10%k INATREMNTTIZ
TEERE -—
w1
RAO7 AR ERS O
(MRNA, miRNA) MeEX—h—EEF TR
MqRT-PCR (|
k4MELTiPS MIRA D iPS MIfEDEHRD T EBEEED
BEEFIZTHITHEH%D M « NIEEADDILEEDIESL
* mRNA FIR=DIELL 2ETTY © HIEEADDEEEDIER
« miRNA FEIR= DIE{L B i 61 8 1 3 o WIEEADTIEEEDIEL
Probe sets exhibiting statistically significant (P < 0.05)
e | I | | reton S TRANY corsan M TR
Positive 136 3 Positive 35 12 Positive 9 23
Negative 92 3 Negative 7 1 Negative 29 0




iIPSHE D MELIRR Y —H— SALLS

Rank of 1st PC score

—_

N —oB0OL | on L EREE(C AR D DT WERIRAMEEEIC AR D I < LY
5 - -)\\/ == 409B2

6 \ Tic _

A\

o \ e NEEP - RRECEHEEZ R BIET
B = HEE Y Ic ML IC B S

Ectoderm Mesoderm Endoderm

PAN: e SR
CDK6 CAT
FBNT
oo || cmio st
SALL3

SORBS2 probes

SALL3

IE R
135

LOC389906
SALL3

RIEZE

AJAPT
ATPEB3
ey | ATPes3 |

TNFRSF118B




253G1 SALL3 KD#x EB4b

hiPSCs NEEY—H—
e PAX6E NES SOX]T
14 ok 1.4 * 1.4 *x
1.2 ,—‘ 1.2 ,—‘ 1.2
5 1 1 ‘ | L l
g go.s 0.8 0.8
SO
2 506 0.6 0.6
2 So4 0.4 0.4 I '
[ Control shRNA 2 90_2 0.2 0.2
0 SALL3 shRNA 0 0 0
hREE 7 —H — NHTEY—H—
GATA4 A KDR FOXAZ AFP

25 el 4 18 *
16

14

-

N
*
-
o
*

20

2.5

15

4 10 15

(Genes /| GAPDH)
® o
» oo

0.5

Relative fold change
o N BN (0]
o N
o (&)

Relative fold change

(Genes /| GAPDH)
o - N
L :l )
O N b O ®© 8



% of Max

253G1 SALL3 KD/OE#k D bFE

253G1_SALL3-KD#k

Control shRNA SALL3 shRNA
100 1 | 100 1 —
80 - 19.5% 80 - 63:L%
60 - 60 |
40 - 40 -
20 20 1
0 - 0 1
102 10 10* 10° 10° 102 10° 10 10° 10°
TNNT2 >

f— Control mlgG

. anti-TNNT2

253G1 SALL3-KD#k

Relative fold change

253G1 SALL3-OE*k

Relative fold change

(Genes / 18S)

(Genes / 18S)

1.2

0.8

0.6

0.4

0.2

GATA4

*

GATA4

250

200

150

100

50

*
10
[
1
0.1
0.01
0.001

NKX2.5
*

NKX2.5
*

[ Control

W SALL3 KD
TNNT2

*
]
60
50
40
30
20
10
0

[ Control
B SALL3OE
TNNT2
*

I

1 -

0.1

0.01



e TMLAE

253G1 SALL3 KD/OE#k ¢

#HiE27EE (Day10) PAX6: SV FET—H—
' #7E 0CT3/4 0CT3/4

>AX6:. OCT3/4

253G1 253G1_SALL3-KD 253G1_SALL3-OE

PAX6 SOX1 NES TH
PAX6 SOX1 NES TH . e "

* %
* % * % *
12 14 *x 1.2 12 30 200 1.8 3
] I ° 25 180 1.6 I 05
° 1 1.2 ] 1 11 o S 1 160 1.4 :
§@ o8 1 0.8 0.8 £8 20 140 1.2 2
S= 7 08 ' T = 120 1] 2
2 g 06 ' 0.6 0.6 2 g 15 100 0.8 1.5
e 5 0.6 , 23 80 ' |
£ 0 04 0.4 0.4 T2 10 0.6 1
5= 0.4 4 o 04
T 02 02 0.2 . 5 40 ' 0.5
: 0.2 5 20 0.2 .
ol o ok 0 o B2 0 L= 0 0 0
Control Control

SALL3 KD B SALL30E



iPSHiigd D LR R ¥ — 71— SALL3

t NPSHIREIZSALLIDEBENEWENKEICME LY T L,
HICHKIBEMNMEWEFR - RRREICMBELP T L

=z 1= (@)
@I O
[ J
[ J
[ J

oo =te amy =
aeESHcrO
= om

SALL3RBMLtERZRETY 2 0ikas R1 > ~) OBEEZR D,



SALL3D MEEFRIRED X H =X Ln

SALL3[ZDNMT3BIZ#EE L
Gene bodyA*FJLILZHE T S
DNMT3B

WNT3A, WNTS5A%LE

SALL3IEDNMT3B®DGene body X FJL{LZFHE L TW 5,



[BHHREANDIEYRTSIZFRTH=HD

iPSHARD/ \A A —H— (SMEZE vs. - NREZE)

— Q& Y
nature
COMMUNICATIONS

ARTICLE
SALL3 expression balance underlies lineage biases
in human induced pluripotent stem cell
differentiation

$7-019-095T1-2 OPEN

Takuya Kuroda', Satoshi Yasuda ', Shiori Tachi'Z, Satoko Matsuyama'?, Shinji Kusakawa', Keiko Tanao',
Takumi Miura', Akifumi Matsuyama3 & Yoji Sato'24>

Clinical applications of human induced pluripotent stem cells (hiPSCs) are expected, but
hiPSC lines vary in their differentiation propensity. For efficient selection of hiPSC lines
suitable for differentiation into desired cell lineages, here we identify SALL3 as a marker to
predict differentiation propensity. SALL3 expression in hiPSCs correlates positively with
ectoderm differentiation capacity and negatively with mesoderm/endoderm differentiation
capacity. Without affecting self-renewal of hiPSCs, SALL3 knockdown inhibits ectoderm dif-
ferentiation and conversely enhances mesodermal/endodermal differentiation. Similarly,
loss- and gain-of-function studies reveal that SALL3 inversely regulates the differentiation of
hiPSCs into cardiomyocytes and neural cells. Mechanistically, SALL3 modulates DNMT3B
function and DNA methyltransferase activity, and influences gene body methylation of Wnt
signaling-related genes in hiPSCs. These findings suggest that SALL3 switches the differ-
entiation propensity of hiPSCs toward distinct cell lineages by changing the epigenetic profile
and serves as a marker for evaluating the hiPSC differentiation propensity.
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CAGE (Cap Analysis of Gene Expression)
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OPEN" CXCL4/PF4 is a predictive
biomarker of cardiac differentiation
_potential of human induced
pluripotent stem cells

¢ Fumiya Ohashi%%3*, Shigeru Miyagawa?, SatoshiYasuda (!, Takumi Miura?, Takuya Kuroda?,
i Masayoshi Itoh®, Hideya Kawaji**, Emiko Ito’, Shohei Yoshida’, Atsuhiro Saito’,
: Tadashi Sameshima®, Jun Kawai®, Yoshiki Sawa’ & Yoji Sato'*/*?

21 February 2019

Selection of human induced pluripotent stem cell (hiPSC) lines with high cardiac differentiation
potential isimportant for regenerative therapy and drug screening. We aimed to identify biomarkers

: for predicting cardiac differentiation potential of hiPSC lines by comparing the gene expression profiles
of six undifferentiated hiPSC lines with different cardiac differentiation capabilities. We used three

: platforms of gene expression analysis, namely, cap analysis of gene expression (CAGE), mRNA array,

: and microRNA array to efficiently screen biomarkers related to cardiac differentiation of hiPSCs.

: Statistical analysis revealed candidate biomarker genes with significant correlation between the gene

: expression levels in the undifferentiated hiPSCs and their cardiac differentiation potential. Of the

: candidate genes, PF4 was validated as a biomarker expressed in undifferentiated hiPSCs with high
potential for cardiac differentiation in 13 additional hiPSC lines. Our observations suggest that PF4 may
be a useful biomarker for selecting hiPSC lines appropriate for the generation of cardiomyocytes.
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