M, EFICHFET SMIEEDL
D TIXEM A FLIL LRV, FERET

i, TRFABRTRERIRL) & L CRBHERS

BfEaNTn3d, 4R, BRORH
HEr Lz SRR XA LR EEC
BB LI IrbAELDTH
FUTRMDZ L TREHD, ZhET
DEL OFEEREEMBETIE, 4
M bH L EZ WS L TEHERES L
THITFRVD, HBEVEBE2D0
ﬂﬁﬁkhfﬁﬁéﬂé@&f%

5, ARFERIE 17 Tl
@ﬁ&ﬁ%htﬁﬂ@%ﬂﬁjké

NTW5DH, Zid, product-by-process

Frer & Wb b b DT, A A5
TIE R ERFHEIC RS L7 fBlid A 7z
WS, B R T OFEEI AN ERRE AT I
BHEHNTHLEERD, RALRN
X, BEThh T\ 5 TPP D
B, aEto S a—r Ul v d
233 Y | product-by-process FFFF & 78
WHZ LN, MMBINEE
DRBRZDRRVNETH S, BIRT

i, /] & LTOHMILEREE T

RIrFxy Lo FRERETHD
LWz ko, EEL, EfEBITT ¥
VUV T ORE, BiRE S ENE
BT —ERRNDIEIFEEATH
%, DOUVT, FEKIE 18 Tix, (E5K
IE 17 12
faBH]) L LT, BAERERSERL L
L COHEMLEHRBIZANTNDS
e BEIL, BEEREDD
DOELTOHMMED L, BIERZY
— =V T ~ORERDIEO N, HHH
WhRELSEHBHTHS, £ T,

FERIE 1~16

FE ORI & & ol

61

FERE 19 R0 1T, AR U —
=V T ERBICOVIEREE L RS T
W5B, KEEFHENAS ) —=2 7
~DOEBZ&EIZIVNTNDZ &
IE, FERTE 19 TCYP & PREEME
27V —= S ~ORELZAREIZL
TWBZ L, FERIE20 CEADOIE
PRT Y == TN DERRD
L TCHMETE S, FFHREEAY
BRIV —= v T REFGHEIZANT
FeErRE T, A (BIZEE) X7 U—
=2 T CREEM & BRI 2 R
HEEMEL CHDH0MIERL,
ZOBRNOARTHEIL, BAEE
BEEAETFHELE LCHEBETHD &
Wz D,

RN E LSRR SN, TG
FERETDHLD, s b0t
R E B S 2 A E L CHEET
HZEIITEETH o7, FEREL T
. ATZEeMEENRIRR 2> & O T HERR
HEFE~LREIN TN D,
X, ES MERR % B e L RRitRri
fa. &AWV EEERTY [£88
M| ZEBELTNDbDORHDH L
M, END R IREIC HIBEFEME
LTCEREZED ZH_REThHo
o, Lz B, NILErettaiiic
RE L TWADA, EIXES Mg A
WTOEATREF (HEE) BH0, X
FHM ~OEAAEE L TN DT
%nf FHZbHHEEE LTI L
/2w, M T, B EER L TH
m%ﬂﬁkégm%m#étﬁu
T, HEEMEHHERD iPS TH S



ZLIZA Yy MInin, BHZ
BEMEZRERR L C, [EnRHZHRAR LT
HZOT, aAX¥I T4 —5EXHBNE
T EWHIERDHD LITELT,
b A KRR & 5 M ERIR DR &
RN TETCLET, ZThHDE
i, EITEMRAELER L TN
o, TR EOERIILARNWI &
ET5, NI h T

% . GATA-4 [BMERAER T4

BETEERY—I—THHRD,

[GATA-4 (BPECTH > T, W< DD
BRI D DRA(TRIDZH§

LD, W< ONDREL L, HE
T OPRREE, SMEEOT T, W

hhzEiET,] £ LT, b TELREH

ERHERE & VN D term 12 & A ENEFFRA D
LR XD ICEERELTHT L L
DOEREIEH Y . BEFETOHNITZED
HIE 2 L o CBADE LRV, F
7o, THFAERR) ~CBFETHHELR
STWBHMN, RO ERN AT
bhoZ ., EENOFMEEDER
ZHAREIC LTWARWEZD, BB
CLTORHEBELEELTCLES
TW5, FFlETIERL, &xiX
FFAR AR AR B D WO IX N IR EERR A
L LT, ATHIZ invitro THEIETREE
IR~ DRI AR L TR

X Tholz, LW &3, THF

M) DEENFHABTH D Z &I
£V, 7 =N ORMHBKE <
BoTVDHEWNIRIZHD, T,
MR & AT AR & D AR
2, PR EERRAINDICRES
nNTVWa0h, MFEFH LT

%, fAfRBAIZFERE LT T
At FHEOEZEELTT VT
I UMM, T s T RENENE
EETAHME (b 0ixAr=F
Vo ANNEANVEERRTFEE L
TWAHR) DX Hic, IBEENE
ML LI ESBED TH D (HH
MR B ATREME LD BV O T
), FERIE 17 CIX. MREE] 2w
HEEMB RN DT, KE BN
NICHBELL Y L1658, 1BEE
ELTOBRENRZN &1E, BE
THol,

FERTE 18 TiE. TFMEReiM a2
SicMpasigl LH 5, REFFFHER
DEREH T, BERETNLVEWTO
TN, IREERETFL LT
O %01 iR A ANl e € N AN S
AT, UEEEREIIRL L2 TH
A9,

SEORIE 19 B LT 20 TiE, HEDNC
27 ) == IO RN % H
AR, FHL TV IPS HifE
DAL FTALDHRTHY, #
HIA L ERANDONRAT U —=
TOFETHDHLEEZDHE, 37
A L BV PS MLV, X6
DENDIR EECRAERHDZ L
TR TARETH T,

T ZC, [45EF drafting Th o &K
Bl7a 2 LidAiT iy B R HEBE
FRORE~EREEA LIV,



2T,
W,

limagination| & R~7~

D. B2

Case study THV\7- HFERFFC, 8
A A=V b LI, BREEZLUT
DEITEZTHELY (R V—=
VI ER)

[FEk™E 1] ZaEEeias o1Lsh
HLTHEONFMEEZ V5 Ry
REAZ V) == V2T AR/
NiFxFxy b, BEOHEEAS Y —
ST VAT AR X Fx o b

FEORIE 2] ZREtEE AR S FFHIRE
EEDFENUTOIR (1) RO
(2) ZELEERE 1 OEYRBIA
) —= U VAT AR T F
v b, BLXOHFEHERAZ ) —=2 7
VAT LR/ XEF b

(1) ANILZuetsmiasNineE
R~ & b S8 5 TR

(2) TR (1) °THELNEZAR
TERRAR AL & TR R~ & o fb &
HAEIERTHST, EAMNETE

FNACBERAZEROFEET RO/ X
IXBRIE A bV RABATTERET T 7L
EL—HOERYERTHITE
[55°RkTE 3] #ERIE 1~2 IZFEHEH D,
ZRetEEMR T SEFE L TELN
7RI E AW EYRE A 7 U —
ST VAT AR,/ XiEFy BT
HoT, UTOILRE (i) RO (i
i) =&, #RME OB %M
T35k

(1) FFfasiailc i E s

Bl X E AT ;

63

(i i) #HBYEORHERET
5 IR,

FEORIE 4] FERIE 1~2 IZREHEI D,
ZEetEEiR T B E L TG Lh
TR E AW AFEER 7 U —=
VIVAT AR/ XEFy b TH
ST, UTFoITHE (i) BV (ii
) BET, HRWEOEELFHMET
55

(i) FFiEfasMRic Ry E %
ks E 5T ;

(i i) TH (i) BOIFmaEE
MRROREEZRAND TE,

WG CRiER - 7 L— AT v 7 H A

S

— S M

FESKRIE 1] ZeEtEsriila % o bEsE
LCHE LI ITHRRE AV 53R
ATV == TV RT LRV /X
TFy b, BIOHFEHEAST Y —=
VITVAT AR iEx v b
[FERkIE 2] ZaEtEErMAEY b
EEDLFENUTOLE (1) BV
(2) ZELFERIE 1 OEYRFH A
) == SV RT AR RiLF
v b, BEOHFEERZ Y —=27
VAT LARER/XiTF v b

(1) ANLZretspiiias NIRZE
R~ bS5 T

(2) T#& (1) THELIZAR
TERRAIRS & F AR AT~ & b s
WHLTIETH-T, EARNTE
FNACBERREROFET R/ X
FBR LR b U RBREET TS
EH—HOEREERT S TE



FE5RIE 3] FERIE 1~2 [ZFEEH 0,
SRt M EEE L THELN
AT E AW A EGRF R 7 Y —
=V VAT AR/ XIFy b T
HoT, UFTOITE (i) BV (i
i) 28T, #HaMEORH &G
T HHIE

(i) FFEfRASARIC R E %
BEfXEsITE;

(i 1) HERYEORHZHET
A THE,

FERIE 4] FESRE 1~2 IZFEH D,
ZEEMERHREZ EFE L THE LN
IR E AW AEEARA S ) —=
VITVAT AR XEF Y R TH
ST, UFOTE (i) KO (i i
) BET, RYEOBEZIMT
55

(i) FFMfasmmiaIc s E %
EMIE5 TR,

(i i) I (i) %O
IR ORREE AN D TR,

BROA A=V OB RN DFERE
FE# LA, ZIbEE(ET
XAHZLERENETH D, TbbL,
BAERESML - fIFEX 7 ) —=
THaRBIERA A —TE UTCREEIICR
&, REFVPEENAINIGED
EREEZAA—VUTDHE, BIERY
J—=r 7 Cix HTS Ci&HRE/RFE
RETHAHZ ENHFLTHD, iPS
HIRERWDAIER S Y —= Tk
FDE LI, MEFEEICERNRY
THNTERY (THTIT7HOHY
DRFTH B ), VI phenotype

64

screening CLMMERTE 2V, AIFE
27 Y —=r 7Tk, HTS KD 5
B0, HTS & &ABEIC AN/
EREFERSELHRETH D, *
77, Bl J—=r 7 Thid,
ZOHBHCERET A8 (HTS ¥ v

R ZERTAEN (REy 7). T
b= ARBRETNETHD,
TD=—RX X, YEMMIZ L 58
MNERENDBIIE D, &
WO RWVIZH T HEZED LD TH
5o BIEEA V—=0 T THDHR
b, BIEMETHY, FHINDGS
O pattern Z1BETHENTFZA T
THYRAR—7 XA TTERV, &
WHZETHDH,

TiE, X AR EEET 52T
EDEIILELXNDIEA S D,
i 2 AHFRF LI, RO L DI
FEA LT O TR, BHEAA—
Vb ERF L FERELTTE L, &
FFORIZEEF 2 1XDIAA TN D
HPFTHDH, BETIE, LERH
DORSEAEZ 2T, ZIUTAIIAT
EHlEFEA LT TN DTHAD
N, BEEBROEREZMEITHT
TG, TRV, BEFEERM
BlEEN L, B EEET L L
2, FOL ) RFIRDOITLT IV
REZEX BIF TV o, FHEL
DEEDOREFTEVZ LD, MR, E
B BB LT BT AT ITICS,
FRELAREEHTORAELICS,
imagination IR < R0 b & HFRE
ThbdHEWVWZD,



E. #5

[Tmagination] & % ?
BAERMM OEEIZB VT,
HFE ST HF5F - J, P k)
B - - RIZFERESNRDD
D, FOBRE - —EREHAICE
I B EEOLERKIIEDL S
H O, OWTIEZE OB, #HE
DXz a0, Fo
EOTEREINBERED, L)
TEW ] 252 W0WHZ L ThAB,
ERELLI,

F. BF3E3E

1. FMHER

1. Matsuyama A. Translational research
in regenerative medicine: A
translational gap. Pharmaceuticals
Policy and Law. 2013:15.163-172.

2. Shudo Y, Miyagawa S, Okura H,
Fukushima S, Saito A, Kawaguchi N,
Matsuura N, Shimizu T, OkanoT,
Matsuyama A, Sawa Y. Addition of
mesenchymal stem cells enhances
the therapeutic effects of skeletal
myoblasyt cell-sheet transplantation
in a rat ischemic cardiomyopathy
model. Tissue Eng, part A. 2013 Oct
29.

3. Okura H, Soeda M. Miyagawa S,
Sawa Y, Ichinose A, Matsuyama A.
in situ reprogrammed spermine
treated adipose —tissue-derived multi-
lineage progenitor cells improve left
ventricular dysfunction in a swine
chronic myocardial infarction model.
Proceedings of the 10™ International
Congress on Coronary Artery
Disease. 2013. 39-42.

4. Okura H, Soeda M. Morita M,
Ichinose A, Matsuyama A.
Transplantation of human adipose

65

tissue-derived multi-lineage
progenitor cells but not adipose
tissue-derived stromal/stem cells
reduces serum cholesterol in
hyperlipidemic Watanabe rabbits.
Proceedings of the 10™ International
Congress on Coronary Artery
Disease. 2013. 51-54.

Okura H, Soeda M. Morita M,
Ichinose A, Matsuyama A.
Transplantation of adipose tissue-
derived multi-lineage progenitor cells
reduces serum cholesterol in
hyperlipidemic Watanabe rabbits.
Proceedings of the 10" International
Congress on Coronary Artery
Disease. 2013. 51-46.

Moriyama H, Moriyama M,
Sawaragi K, Okura H, Ichinose A,
Matsuyama A, Hayakawa T. Tightly
regulated and homogeneous
transgene expression in human
adipose-derived mesenchymal stem
cells by lentivirus with tet-off
system. PLoS One. 2013 Jun
12;8(6):¢66274.

Kawase R, Ohama T, Matsuyama A,
Matsuwaki T, Okada T, Yamashita T,
Yuasa-Kawase M, Nakaoka H,
Nakatani K, Inagaki M, Tsubakio-
Yamamoto K, Masuda D, Nakagawa-
Toyama Y, Nishida M, Ohmoto Y,
Nishihara M, Komuro I, Yamashita
S. Deletion of progranulin
exacerbates atherosclerosis in ApoE
knockout mice. Cardiovasc Res.
2013 Oct 1;100(1):125-33.
Yuasa-Kawase M, Masuda D,
Yamashita T, Kawase R, Nakaoka H,
Inagaki M, Nakatani K, Tsubakio-
Yamamoto K, Ohama T, Matsuyama
A, Nishida M, Ishigami M,
Kawamoto T, Komuro I, Yamashita
S. Patients with CD36 Deficiency
Are Associated with Enhanced
Atherosclerotic Cardiovascular



10.

11.

12.

13.

14.

—_— N

Diseases. J Atheroscler Thromb.
2013;20(5):514-5.
KEHESE - RILRX HEREERT
DHEFBIIH->TOEESA—E
DELEN S — TEER
NAVIGATORII FHAEER - A
fEIE D E R {k~® TOPICS 2014.
pp5-8

MR BEEEELVX2T b
J—H AR -BHIERIZTT
TEENEEY-) ta—<
P A =& 2013: (7).28-31
WILR BEEEROHE & 5%
OEhE V=~ A v R
2013:337.36-102

MILRC BAEROBIHEDL
L EERRBEICE T AR
BAER 2013:12(2).133-134.
MILR : [BEERELVX 2T
KU —H (X -BHEIERIZT
TCAENREMY-] ba—<
VA A 2013: (7).28-31.
MILR . [BEEROHEH 45
gogE] V-l R
2013:337.36-102.

FRRER
HAEERNSHESHAB~—FEED
N EEERA~OREN— « LR
X - BEAFEREER (%) &
B4 -6H21H

BEERE FTUAL—V gL
U P —FDEE - LRI - "X
CRC#EE=-6H27H
BAEBEIZOWTOITE O
B MILIRI - EEmHE BEER
"rses -7H3H

iPS M Z HW-BAEROTUR
CRE LRI -DDS =7 A
4 H

F AR R - LRS-
AAREHHFEEE - THOH

66

10.

11.

12.

13.

14.

15.

16.

BAEROSM « IR - BE
ERLIEMAES -8 A1 H

iPS #ipa T B AT 21 AL O R %
BV - LRI - REIES - 8
A31H
BAEEEOZW - AL - B
LEEEGEEERRESFE -9 A 20
H

FEAE R IR & B - IR -
FIRM #E= -9 H 26 H
FEEERABR package DIRE - 1L
X - MCPRESZE-10H 4 H
of

”Development Regenerative

Medicinal Products—-—-From
Bench—" + #2|L523C - DIA BALE
£-11HA78H

FEREE IR T HZ L —FAEE
BN OFEE L LT— - LR
3 - 5 34 [EIERREHE SN
&-12H6H
BAEEREOME L HEEH (2) - AW
R - ERRZFAGREHRES -
12H 12 R

BRI SR IRICH OO O
iPS/ES/ R M ER M fa D FE &R IZ DWW
T - LRI - 5% 10 BEIEZE S RS
T74—5 5128 14 H
BAEEROEM - LRI« 1K
HEEEGEHES -1 H29H
THTITIC K BRAEEE [H4A
ERIEEE T OEREMEESRE] -2
530 - [ S KSR R TR B R PR A
RHESE F2ERBEVURY
A2 H7H

. B - AUBRARAR O B ER - AL

X-3H4H



18.

19.

20.

G.

BEERL VX 2T P —FAx
VA—REEEOBANL— - 1
W3-8 13 B HARLEERFR
wes SuFarkIS—374
H

“Proposal of the preclinical safety
study-pack age for the cell therapy
products” + & [ % 3 + JABS-JST
Joint symposium + 3 A 7 H

b b ESAPS A& M i EAl O
EEE - MILRI - BISEEX
ZAMEEFEES -3 A2 0

FNEFTA HE D BRASIR UL

. RS

[ FE TRIFE RS
PCT HiFE (ERE 2544 H 24 H)

HEEA : KFRRZE - BYLFHTEAT -

(ABE) 4o R B ]
FEHAE  ARILRI - REES

ERFREREG
B

Z Dl
ZYn L

67



. WFZERRDOFATIZEY 2 —Fk



RFRE KA

Matsuyama A.

MEREOFITICET 5 —BER

BRLAA M4

Translational researc

FeRA

h in regenerative me

dicine: A translationa
1 gap.

Pharmaceuticals

A

HH R
15

Shudo Y, Miyagal

Policy and Law.

Okura H, Soeda
M. Morita M, Ichi

nose A, Matsuyam
a A.

awa Y, Ichinose
A, Matsuyama A.

wa S, Okura H, F
ukushima S, Saito

A, Kawaguchi N,
Matsuura N, Shi

Addition of mesenchyTissue Eng, part
mal stem cells enhanlA
ces the therapeutic ef

163-172 2013

20

mizu T, OkanoT,

Matsuyama A, Sa
wa Y.

Okura H, Soeda
M. Miyagawa S, S

fects of skeletal myob
lasyt cell-sheet transp
lantation in a rat isc

hemic cardiomyopath)
y model.

reprogrammed spermi
ne treated adipose —t
issue-derived multi-li
neage progenitor cells

Proceedings of th
e 10th Internatio

728-739 2013

improve left ventricu
lar dysfunction in a s

wine chronic myocard

ial infarction model.

Transplantation of hu
man adipose tissue-d|
erived multi-lineage p

Disease.

Proceedings of th
e 10th Internatio

nal Congress on
Coronary Artery

39-42 2013

rogenitor cells but no

nal Congress on

51-54

t adipose tissue-deriv
ed stromal/stem cells

reduces serum chole

Coronary Artery
Disease.

ipose tissue-derived
multi-lineage progenit
or cells reduces seru

sterol in hyperlipide

mic Watanabe rabbit
S.

Okura H, Soeda

M. Morita M, Ichi

Transplantation of ad
nose A, Matsuyam
a A.

Proceedings of th
e 10th Internatio

2013

Moriyama H, Mori
yama M, Sawarag
i K, Okura H, Ich

rlipidemic Watanabe
rabbits.

m cholesterol in hype

nal Congress on

Coronary Artery
Disease.

46-51

2013

Tightly regulated and

inose A, Matsuya

homogeneous transg

ma A, Hayakawa
T.

ene expression in hu
man adipose-derived

PLoS One.

mesenchymal stem ce

1ls by lentivirus with
tet-off svstem.

71

e66274

2013




Kawase R, Ohama
T, Matsuyama A,
Matsuwaki T, Ok

ada T, Yamashita
T, Yuasa-Kawase

M, Nakaoka H,

Nakatani K, Inaga

ki M, Tsubakio-Ya

mamoto K, Masud

a D, Nakagawa-To

yama Y, Nishida

M, Ohmoto Y, Nis

hihara M, Komuro

I, Yamashita S.

Deletion of progranuli
n exacerbates atheros
clerosis in ApoE knoc|

Res.

kout mice. Cardiovasc|

Cardiovasc Res.

100

125-133

2013

Yuasa-Kawase M,
Masuda D, Yamas
hita T, Kawase R,
Nakaoka H, Inag
aki M, Nakatani
K, Tsubakio-Yama
moto K, Ohama
T, Matsuyama A,
Nishida M, Ishiga
mi M, Kawamoto
T, Komuro I, Yam
ashita S.

Patients with CD36
Deficiency Are Associ
ated with Enhanced
\Atherosclerotic Cardio
vascular Diseases.

J Atheroscler Thr
omb.

20

514-515

2013

REES - MIURX

FRERE TO o)
7%. k) T @&%ﬁ‘/x\\_lﬁlg
DR H—

SeEERNAVIGA
TOR II HEE
- D3 AUTRIROD
{b~DTOPICS

5-8

2014

(NUIEZD'S

BAEELLVLX2T b
J—HP AR -BH
ERICT T CEEN R
TR % -

ta—vr Ao
NS

28-31

2013

NIIES'S

BAEERORN L4
DEYA

B —HNef R

337

36-102

2013

(NIIES'S

BEERORHEZL
& EBRRBA I [T 7B
R E

BAEER

12

133-134

2013

S Alshammary, F
ukushima S , Miy
agawa S, Matsuda
T, Nishi H, Saito
A, Kamata S, As
ahara T, Sawa Y.

Impact of cardiac ste
m cell sheet transpla
ntation on myocardial
infarction.

Surg Today

43

970-976

2013

Sawa Y, Miyagaw
a S.

Present and Future
Perspectives on Cell
Sheet-Based Myocardi
al Regeneration Ther

Hindawi Publishi
ng Corporation B
ioMed Research I
nternational

apy.

1-6

2013

72




Uchinaka A, Kaw
aguchi N, Hamad
a Y, Mori S,Miyag
awa S, Saito A, S
awa Y, Matsuura
N.

Transplantation of m
yoblast sheets that se
crete the novel peptid
e SVVYGLR improves
cardiac function in f
ailing hearts.

Cardiovascular R
esearch

99

102-110

2013

Shudo Y, Jeffrey
E. Cohen, John
W. MacArthur, Pa
van Atluri, Philip
. Hsiao, Elaine
C.Yang, Alexander
S. Fairman, Alen
Trubelja, Jay Pat
el, Miyagawa S, S
awa Y, Joseph Wo
0.

Spatially Oriented, T
emporally Sequential
Smooth Muscle Cell-
Endothelial Progenito
r Cell Bi-Level Cell S
heet Neovascularizes
Ischemic Myocardium.

Circulation.

128

S559-568

2013

Fukushima S, Sa
wa S, Suzuki K.

Choice of cell-delivery,
route for successful
cell transplantation t
herapy for the heart.

Future Cardiol.

215-227

2013

Tmanishi Y, Miyag
awa S , Fukushim
a S, Ishimaru K,
Sougawa N, Saito
A, Sakai Y, Saw
a Y.

Sustained-Release Dell
ivery of Prostacyclin
lAnalogue Enhances B
one Marrow-Cell Recr
uitment and Yields F
unctional Benefits for
Acute Myocardial In
farction in Mice.

PLOS ONE.

e69302

2013

Kamata S, Miyaga
wa S, Fukushima
S, Nakatani S, Ka
wamoto A, Saito
A, Harada A, Shi
mizu T, Daimon
T, Okano T, Asah
ara T, Sawa Y.

Improvement of Card
iac Stem Cell-Sheet
Therapy for Chronic
Ischemic Injury byAd
ding ndothelial Proge
nitor Cell Transplant
ation: Analysis of La
yer-Specific Regional
Cardiac Function.

Cognizant Comm
unication Corpora
tion.

2013

Matsuda T, Miyag
awa S, Fukushima
S, Kitagawa-Saka
kida S, Akimaru

H, Horii-Komatsu

M, Kawamoto A,

Saito A, Asahara

T, Sawa S.

Human Cardiac Stem
Cells With Reduced
Notch SignalingShow
Enhanced Therapeut|
ic Potential in a Rat|
Acute Infarction Mod

el.

Circulation Journ
al

78

222-231

2014

Moriyama M, Mor]
iyama H, Uda J,
Matsuyama A,Osa
wa M,Hayakawa
T.

BNIP3 Plays Crucial
Roles in the Different
iation and Maintenan
ce of Epidermal Kera
tinocytes.

Journal of Investi
gative Dermatolo

gy

1627-1635

2014

73




Takayama K, Nag
amoto Y, Mimura
N, Tashiro K, Sak
urai F, Tachibana
M, Hayakawa T,
Kawabata K, Miz
uguchi H.:

Long-Term Self-Rene
wal of Human ES/iP
S-Derived Hepatoblas
t-like Cells on Huma
n Laminin 111-Coate
d Dishes.

Stem Cell Report
S.

322-335

2013

Takayama K, Kaw
abata K, Nagamot
o Y, Inamura M,
Ohashi K, Okuno
H, Yamaguchi T,
Tashiro K, Sakura
i F, Hayakawa T,
Okano T, Furue
MK, Mizuguchi H.

CCAAT/enhancer bind,
ing protein-mediated
regulation of TGFB r
eceptor 2 expression
determines the hepat
oblast fate decision.

Development.

27

91-100

2013

Takayama K, Kaw
abata K, Nagamot
o Y, Kishimoto K,
Tashiro K, Sakur|
ai ¥, Tachibana
M, Kanda K, Hay,
akawa T, Furue
MK, Mizuguchi H.

3D spheroid culture o
f hESC/hiPSC-derived
hepatocyte-like cells
for drug toxicity testi

ng.

Biomaterials.

34

1781-1789

2013

Kinoshita M, Nak
atsuji Y, Suzuki
S, Hayakawa T, K
akehi K.:

Quality assurance of
monoclonal antibody
pharmaceuticals base
d on their charge var
iants using microchip
isoelectric focusing
method.

Journal of Chrom
atography A

1309

76-83

2013

Iwatsuka K, Wata
nabe S, Kinoshita
M, Kamisue K, Y]
amada K, Hayaka
wa T, Suzuki T,

Kakehi K.

Free glycans derived
from glycoproteins pr
esent in human sera.

Journal of Chrom
atography B

928

16-21

2013

'Yodoshi M, Iiked
a N, Yamaguchi
N, Nagata M, Nis
hida N, Kakehi K,

Hayakawa T, S
uzuki S.

A novel condition for
capillary electrophor
etic analysis of reduc
tively aminated sacch
arides without remov
al of excess reagents.

Electrophoresis

34

3198-3205

2013

Kinoshita M, Mits
ui Y, Kakoi N, Ya
mada K, Hayakaw
a T, Kakehi K.

Common Glycoprotein|
s Expressing Polylact
osamine-Type Glycans
on Matched Patient
Primary and Metasta
tic Melanoma Cells S
how Different Glycan

Journal of Proteo
me Res.

Profiles.

13

1021-1033

2013

74




Moriyama H, MorilRole of Notch signaliSTEM CELLS &
yama M, Isshi H,ng in the maintenanc| DEV (2014) in p
Ishihara S, Okurle of human mesenchyjress

a H, Ichinose A, mal stem cells under

Ozawa T, Matsuy
ama A and Hayak
awa T.

hypoxic conditions.

1-41

2014

R R, ZRIUFRE|E B B Sk B ZE R 5 BioMed circus 2013
+, BJIER FRE L BT B R H

O R F B I A BT RE

VT UL VAR

AT ADIES

75




V. BFERROTITY) - Bk



Pharmaceuticals Policy and Law 15 (2013) 163-172 i 163
DOI 10.3233/PPL-130368 :
IOS Press

Translational research in regenerative medicine: A
translational gap

Akifumi Matsuyama*
The Center for Advanced Medical Engineering and Informatics, Osaka University, Osaka, Japan

A medical system is anticipated, where high-quality medical services are accessible without anxieties
whenever we are ill. Innovative cell-based regenerative medical/medicinal products, and tissue-engineered
medical products, have been used successfully to overcome certain life-threatening diseases, and there
is still a need to design/produce more of these products. We translational researchers in regenerative
medicine have been trying to translate our scientific findings from bench to bedside. Advanced therapies
with cell-based regenerative medical/medicinal products constitute one of the most complex regulatory
areas currently approached by clinical research and development in order to generate novel therapeutic
applications for patients with incurable disease. We often lack the multidisciplinary skills needed to over-
come intricate and complex regulatory tracks and might feel tired from pursuing clinical realization. Basic
researchers and clinicians trying to translate stem cell biology into clinical practice might feel defeated
by the endless regulatory requirements that apply. In order to help bridge this gap, in this chapter, we
review practical issues that must be confronted in order to move from “confidence in mechanism” studies
in animals into “proof of concept” studies in human. First, we briefly outline the basic definitions for
cell products in the USA, EU and Japan, followed by a focused discussion of the pertinent actions of
authorities in Japan.

Keywords: Regenerative medicine, HCT/Ps, cell-based regenerative medical/medicinal i)roducts

1. Definition of cell-based regenerative medical/medicinal products

All cell-based regenerative medical/medicinal products aim at same target, but
there are some minor differences in their definition among USA, EU and Japan.
The cell-based regenerative medicinal products in the USA are included in “Human
cells, tissues, or cellular or tissue-based products” (HCT/Ps), which are classified
as “biologics”, defined in the PHS Act as: any virus, therapeutic serum, toxin, anti-
toxin, vaccine, blood, blood component or derivative, allergenic product, or analo-
gous product applicable to the prevention, treatment or cure of diseases or injuries

[FDA Notice: Application of Current Statutory Authorities to Human Somatic Cell

Therapy Products and Gene Therapy Products (58 FR 53248; 14 October 1993)].
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HCT/Ps represent articles containing or consisting of human ctlls or tissues that
are intended for implantation, transplantation, infusion, or transfer into a human re-
cipient. Examples of HCT/Ps include, but are not limited to, bone, ligament, skin,
dura mater, heart valve, cornea, hematopoietic stem/progenitor cells derived from
peripheral and cord blood, manipulated autologous chondrocytes, epithelial cells on
a synthetic scaffold and/or matrix, and semen or other reproductive tissues. As ex-
emption, HCT/Ps that do not meet the following criteria are regulated under the U.S.
Food, Drug and Cosmetic: (i) minimal manipulation of the source tissue through the
processing stage; (ii) homologous use (i.e., the HCT/P performs the same function(s)
in the recipient as the source tissue performed in the donor); (iii) no combination
with another article; (iv) lack of intended systemic effect; and (v) no dependence on
the metabolic activity of living cells (except in cases of autologous use, use in first-
or second- degree blood relatives, or reproductive use) (Public Health Service Act,
§361). S ~
In the EU, the cell-based regenerative medicinal products are classified under “ad-
vanced therapy medicinal products” (ATMPs), which are divided into three main
types: (1) gene therapy, (2) somatic cell therapy, and (3) tissue engineered products
[European Directives (2003/63/EC and 2009/120/EC)]. Cells or tissues shall be con-
sidered “engineered” if they fulfill at least one of the following conditions: (a) the
cells or tissues have been subject to substantial manipulation, so that biological char-
acteristics, physiological functions, or structural properties relevant for the intended
regeneration, repair, or replacement are achieved (Regulation (EC) No. 1394/2007 of
the European Parliament and of the Council). For these purposes, the manipulations
shall not be considered as substantial manipulations (e.g., cell separation, concentra-
tion, or purification); or (b) the cells or tissues are not intended to be used for the
same essential function in the recipient as in the donor.

In Japan, the cell-based regenerative medicinal products are classified under “Hu-
man cells/tissue-based products” (HCT/Ps). HCT/Ps in Japan meeting criteria for
little or no manipulation and same essential function (homologous use) are regulated
under the Medical Service Law and Medical Practitioners Law as transplantation
or under the Pharmaceutical Affairs Law as blood-infusion. More than minimal-
manipulated HCT/Ps shall be regulated under Pharmaceutical Affair’s Law in Japan
with some exemptions.

2. Cells as medical/medicinal products: Manufacturing aspects

Once we have determined that a particular cellular product lies within the cell-
based regenerative medical/medicinal product category, regardless of it being in-
vestigational, production of the cells that will be used in human must conform
with the good manufacturing practice (GMP) (cGMP, current GMP in USA) for
medical/medicinal products (PHS Act, §351.). Patients’ safety and law enforcement
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should be the primary considerations in advancing medical the;apies, GMP imple-
mentation should be required if the cell manufacturing processes under GMP sub-
stantially increase production costs. It is therefore important that translational re-
searchers of regenerative medicine are aware of the complexities of GMP imple-
mentation before starting any translational program based on their basic scientific
findings. Typical regulatory concerns surrounding the application of cellular com-
ponents are product potency and safety, purity and characterization of the cells, and
characterization and control of their manufacturing process for quality management.
Cell products will usually have to be defined with regard to their identity, purity,
potency, stability, and viability.

Potency is interpreted to nzean the specific ability or capacity of the product to in-
fluence a given result, as indicated by appropriate laboratory examinations or by ad-
equately controlled clinical trials and studies obtained through the administration of
the product in the fashion intended. Safety implies the relative freedom from harm-
ful effects to persons affected, directly or indirectly, by a product when prudently
administered, taking into consideration the character of the product in relation to the
condition of the recipient at the time. Thus, with regard to safety, cell donors must be
carefully screened and the cellular product, once expanded in the GMP production
facilities and equipments through master and/or working cell banks, must be exam-
ined using several standardized tests for viability, sterility, endotoxin, adventitious
agents, tumorigenicity, pyrogenicity, and mycoplasma infection. Purity means rela-
tive freedom from extraneous matter in the finished product, whether or not harm-
ful to the recipient or deleterious to the product and includes but is not limited to
relative freedom from residual moisture or other volatile substances and pyrogenic
substances.

3. Clinical research with cell-based regenerative medical/medicinal products

Before first-in-man clinical trials and studies, both the biological activity and tox-
icity of the investigational medical/medicinal product must be established in a perti-
nent animal model according to the good laboratory practice (GLP) (cGLP, current
GLP in USA). Unlike for biologics and small molecules, the regulatory pathway
for stem cell-derived therapeutics is not well defined and, hence, not well under-
stood. While the biologic and small molecule industries benefit from a well-defined
regulatory pathway and commonly abide by practices on preclinical safety testing,
product characterization, and measures of purity and potency, the same cannot be
said for product development for the stem cell industry. To encourage and to give
small to medium size enterprises incentive to conduct quality and nonclinical stud-
ies on ATMPs in the EU, the EMA Committee for Advanced Therapies (CAT) has
published a related guideline on the minimum quality and nonclinical data required
for certification of ATMPs (EMEA/CAT/486831/2008/corr). Even though the certi-
fication provided is not legally binding, this system aims at facilitating the evaluation
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of any future application for clinical studies and trials and mark;ting authorization
application based onthe same data. The stepwise regulatory framework in the EU
resembles the non-commercial IND (Investigational New Drug) system applied in
the US.

Before starting clinical studies and/or trials, translational investigators must se-
cure the approval of the institutional review boards (IRB) of all institutions involved
in the clinical research, in addition to obtaining authorization from the national reg-
ulatory authorities of their countries. To guarantee respect for persons, beneficence
and justice according to Helsinki Declaration in EU and Japan and Belmont Report
in US, good clinical practice (GCP) (cGCP, current GCP in USA) must be followed,
in order to ensure data quality, and to avert any avoidable errors and adverse events.
Once the authorization and/or approval of the clinical trial and/or study is granted,
the sponsor is legally bound to notify the regulatory bodies about any suspected
unexpected serious adverse events. The sponsors’ duties also include ensuring that
there is a health policy in place to cover any liability, that the recruited study subjects
have signed appropriate informed consent, and approval of the medicinal products.

4. Post-marketing

This covers approval/authorization, distribution, and pharmacovigilance of cell-
based regenerative medical/medicinal products. Confirmation by the regulatory au-
thorities that the quality, safety, and efficacy of a cell-based regenerative medi-
cal/medicinal product have been established through successful stepwise clinical
phases, is followed by application for marketing authorization and publicization
within the healthcare system and health insurance [in the USA, the Health Insur-
ance Portability and Accountability Act (HIP)]. It should be emphasized that contin-
uous surveillance of the safety of the investigational medical/medicinal products and
post-marketing pharmacovigilance are key issues in all translational research on cell-
based regenerative medical/medicinal products. These products are often considered
relatively “high risk” and regulatory bodies will require tight 'safety follow-up of
all patients treated with cell-based regenerative medical/medicinal products, both in
clinical trials and postmarketing sales.

5. Publicization within the healthcare system and health insurance

As mentioned above, the regulatory authorities are acting with caution when -
approving cell-based regenerative medical/medicinal products. At this stage, the
healthcare and/or health insurance providers have yet to determine whether health- _
care reforms will allow them to benefit from regenerative therapies, which are.likely
to require many years to accrue sufficient savings to cover upfront costs. We trans-
lational researchers should publicize the rapid advances in the field, reproducible
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results in clinical trials, and the ever increasing therapeutic benefits of the new prod-
ucts. :

Any approach can be viable if two major hurdles are overcome commercially: to-
tal costs of manufacturing the product, quality control, shipping and administration
costs, and significant benefits for the patients and societies. As providers perform
more critical health economic analyses in decision-making, truly potent or disease-
modifying therapies will offer greater value than conventional ones. While we still
do not know whether regenerative medicine will provide niche benefit or will revo-
lutionize healthcare, cell-based regenerative medical therapies invite us to this goal,
although the efficacy of the currently approved products have been limited compared
with standardized care, particularly as related to the costs of cell-based therapies rel-
ative to the cost of standard of care.

6. How to fill the translational gap

The development of cell-based medical/medicinal products, from bench to bed-
side, is a long, costly, highly regulated, and high-risk process. As such, it is difficult
to develop such products and achieve a reasonable success rate in marketing, and thus
support should be sought from the multinational pharmaceutical companies, with
their large financial and human resources, to develop new medical/medicinal prod-
ucts. Unfortunately, however, translational research in regenerative medicine has so
far attracted relatively little interest from the pharmaceutical industry. The reasons
are general uncertainties with regard to the therapeutic promise of cell-based regen-
erative medical/medicinal products, high production and quality control costs, and
extreme logistical complexity related to the specific characteristics of these products,
such as their generally short shelf life, relatively long-term investment commitment
before any financial return, and the existence of different international regulatory
environment. It is therefore obligatory to exercise some sort of translation between
promising basic scientific findings and the pharmaceutical industries.

The pharmaceutical and biotechnology companies have recently taken an in-
creased interest in regenerative medicine in vifro. The use of stem cells as drug
screening and research tools has grown with most of the major pharmaceutical com-
panies are using embryonic stem cells or adult stem cells for intramural drug discov-
ery/screening portfolios. Here, rather than focus on the extensive application of the
technology as tools for drug development, we should discuss the emerging opportu-
nities for biopharmaceutical companies in engaging in stem cell-based regenerative
medicine. This could include their involvement in research and development projects
on the production of novel small- and large-size molecule therapeutics designed to
steer endogenous stem cell fate to the desired cells, or in projects aimed at stimulat-
ing autologous and/or allogeneic somatic stem cells and tissue regeneration, typically
via the actions of paracrine factors, i.e., the cytokine effects. Of course one should
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not forget also the ultimate promise of stem cell research, i.e., that of cell/tissue re-
placement therapy (or in sifu stem cell therapy). Cell replacement therapies are not
far-fetched but a reality based on the fact that stem cell derivatives can accurately
recapitulate the normal function of cells or tissues and restore function in diseased
organs/tissues. Based on the above, we encourage the pharmaceutical industry to
participate both logistically and financially in our efforts of establishing new stem
cell-based therapies, palliative therapy, disease modification and in in situ stem cell
therapy, in addition to their role in drug manufacturing.

In the absence of well-defined regulatory requirements for the development and
approval of more than minimal manipulated stem cell therapeutics, it is necessary
to have expertise on collaborative work to deal with the concerns of the regulatory
bodies on bench research. The knowledge base for new developments in stem cell
research generally resides in the academic research community, small- to medium-
size biotechnology companies with substantial research capacity, and those well con-
nected to academic research teams. The individual academic scientists are generally
less well prepared for the highly regulated aspects of product development and man-
agement with timeline and milestone, particularly those related to toxicological test-
ing, consistency, and source of product as required for GTP handling and GMP man-
ufacturing. In many cases, the academic researchers are less familiar with the project
and/or product management demands of the industry, where delays in product de-
velopment are very costly, not only to the investors but potentially to the patients,
who you like to be cured. Thus, there is clearly a potential for cooperation between
academic research resources and the know-how of the industries.

7. Two independent regulatory frameworks for cell-based regenerative
medical/medicinal products in Japan

As mentioned, the EMA Committee for CAT has published a related guideline
on the minimum quality and nonclinical data required for certification of ATMPs.
In addition they have released hospital exemptions. In this regard, the FDA has
given IND for non-commercial first-in-man clinical trials with minimum quality and
non-clinical data for certification and orphan drug application as special categories
(Fig. 1). The Japanese government has a similar regulatory framework requiring min-
imum quality and non-clinical data for certification in EU and US. The track in Japan
to translate cell-based medical/medicinal products from bench to bedside has been
regulated under the Medical Service Law and the Medical Practitioner’s Law but
not under the Pharmaceutical Affair’s Law, and the guideline is “The guideline for
clinical research using human stem cells” (Fig. 2).

The Japanese Government have encouraged studies on the plasticity of stem cells.
However, to diminish uneasiness about safety, many questions remain to be re-
solved. On this account, it is important to develop guidelines on this matter that
researchers, including research organizations, can follow appropriately in clinical



