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%38 FDA DEIMA

L&

HPEDIHS IO BN S A - QIR0 T 3550 I KWl 35THCT/P WS WM 5§l - Bish ©
PSRN, MR - WY O WMDY RETE L S DIOEMEO R O G 2 e R PIR LR BENSH S T
&k AR TR D TRIBVRRHEZ L ED R B T H 5 T, MTEPRR EEOMMIT A - REEROEAN L
T e EDMMMD, T - FOEEIIE QOL & ¥ L AL, oS Rt HIEA R & S A DA - Hine
R4l LTHBENIMEDNL V. KBTI, IR - BOEWE X RO WA &7 5T HDBHE - fiaicr 4 20
ARG R - BRI TR G 38 ol AR B E Ui, BiekiofiEc 20 TlRET e e8I, W
DAL« W Td B A - #IED TR0 WYY B (il od FDA O D0 THINTS 5.

1 Te h4ERE, $EfEEc3Hi - sRARS) HA/P)

PIATE THINY - SISREDITRE ST S ) TRIGR IR &, 721 THIRLMAN " &nfidh 2 ok, KBTI Tk
R, AR E Foi A - HIERRO 945 (HCT/P - human cells, tissues or cell/tissue-based product) &4 5 B0
BHOTENTEI D ABICIS ISR 2 H e LU RRIRIFRIC N LT FDA ABIMETT-> T3, HCI/P LG Tk
MM E 7 EHIRETTE, £70 e FEE 7ZRBAKED SIZMITH D, © ML LTI, BRY JEAE R
HATHZEEAMNE L0 1 ERENTULS (21CFRI271.3(d) 0 BBIUNSTE 21 # 585 1271.3(d) D, HCT/PIE,
21— Aik (PHS Act @ Public Health and Service Act) Ofilifid» 5 & 512 2 Filiic AWE b, 4b 5 PHS
Act 5361 RICHE-I<T & FRIELI(36THCT/P) &3 351 WD < T FHIBIRIEES & Gl s Fivifed) (351HCT/R)
Hdr%. HCT/P D55, 21CFR1271.10(a) OWFIXT (& 1) LM T 38 &ICE 36IHCT/P ML, 53 Th
WIS 35THCT/PICé% T %, 361HCT/P I, W2 Radic, At > THEEN S, 351HCT/P
035 BEHIE FTWME, BAICETS TR - SEI TR S " B L, RN ToBIRMENINTL, &
Pl & 7ol e & U T TR i 38 K T IS % FDA k20N die Eh . H 51050 HCT/P A4
AL, BLEBEER O BB S ORIREIC N4 2 M EIO 26 (PMOA © Primary Mode of Action) > TEET NS,
Fhbht, fil - HEO S WPRIBGE - LG RIIEGE - AMIBEDS E AR e a5 o3 mBAl L Zh, Wiy
Py « KEEIIBIED F AR L 43 2 o (EBRHINIC M NS . 201245 7 HBIE, FDA A SIRGERIERE/T
WA 5IHCT/PIE & 2 Dillh TH3.,

*1 361HCT/P THAHTHDEM (21CFR1271.10(a)

(1) HCT/P o)A A (minimal manipulation)
(2 HOT/P S, fllIRe ~ $HUEROIRIOENT &0l 20O (homologous use) ICOBMLE ENDUET, TOT LAAR, VG
T RMENTWS
(3) GG IR oMl OK 70 A0 FoOMGs, orE, 2@ eld et <) L E 72 BRI E oM IR T EhE,
ok, U RZTALFE, MER. (RIEEL B FERERGMERIIL K 0% HUT/P IO U T il A BRIK FoXe o> BT ok
AAE U R
o BLROMIIE T B G .
DY HOT/P A o fr A e < 2o R 280 & U TR T e i 2 2 enanlis | Bl
2) HOT PR lin b5, EREF0 BDBk e U TR0 (RMIHEICIET 5 T ENB LG T aiim
(DR RFERANAT0 TR od BHL Pl -V LA T
i CRUSERG AR OMEBNHEOMEO Mo R TH LN G L B
i) A I b A0 G

RO (omnimal manipulation) 9OWEE (21CFRI271.3(0) ¢

VRGOS DA DU O, A PR MR U D YRR (TR I U THIRA ORI R S S A B 100
b I A '

2 LU EGE O R0 #IEHS oV Cid, fIRGE 72 LRI O A o) B P BB B R DL 0Tl T &

€

330




%2 FDA 0)5&7’.’17?(“”21%”(&,\6 35THCT/P (2012 5 7 BIRTE)

T e, - I 8 1) 7 M TRl
Carticel Pl LA e giEfiES gulinl BLA
H bmi) ﬂifl” ‘kb&ﬂ, B« Bk
Provenge (PAP HiHiL 1) i SRS A E2REl HLA
laViv Cazlicel-1) 3 CLARHE A = ;’z};ﬁ?m LI BLA
oo RS e TR | e BLA
Gintuit I A L . ) )
(Apligraf (Oral)) BRI b Aoy % e £ BLA
Epicel /fi,’%;’g%}?gg‘% il Ipglat 715 HDIE:
Aolioral il s (L
i ~ KA IR P s PMA
e R T-
TransCyte [TRTERHE Al ——
(Dermagraft-TC) SR u s M Gl PR PMA
Dermagalt ¥ u'"gi;m;( ;’}j lg]:!; . HE RS 3l £ PMA
IR LAl i PMA_(2A05)
OrCel + i RIALHE L4 Sl 5 ,;:';}\,‘;@,., 278 P FEUHDE -
L RIT— <RI e A
2. 351HCT/P DFREKRERER - IRFTASRHBE
B (HRED BT GEMEEN) Mcflib b9, RAEAKRD 35 1HCT/P OBIRRE AT 3 B3I,

FDA iz ithalrnuda s 9, H)K EU B3R GHLR R A1 238 ICH 0> GCP  (Good Clinical Practice) {Z A3z
#[6 GCP (21CFR50.56) #MisFd % &uihtds 5, FDA T/EWMWANC 5 51E 115 %4 CBER (Center for Biologics
Evaluation and Research) O)¥iiE &7x b, DIfERERHC 2 81E 15 Wi id CDRH (Center for Devices and Radiological
Health) o0ifi& a2 05, SRR L 2 HiE NS 351HCT/P I L Tld, CBER & CDRH AV U THIE « ®iicd
e T, EWlNIE LTo 351HCT/P O &1, cCGMP (Current Good Manufacturing Products) & ¢GTP (Current
Good Tissue Practice) it > TGN L, WHFEHI #7145 IND (Investigational New Drug) HUADHICHIKRRZT T, &
TEA R 2L BLA (Biologics License Application) %l U TN ER B T Licixd -7, DML LT
351HCT/P BIGFICIE. 20 GMP T4 % QSR (Quality Systems Regulation) & cGTP iR L 7= Bk
ST, W BE A IDE (Investigational Device Exemption) 1 O S liAL & T U, ATl 42 PMA(Premarket
Approval) Al U T ERaBE 1%,

3. EAGRHE

35THCT PICHES ¥, EABHA MR L LI mBlODRE, AT & P a0 (i & iEnid 5 &
EAHMNE LT, W OWERER LM ZIRE 2 HEL Ty 5.

3 EES - MR

3.1.1 Fast Track Drug Deveiopment Program (Z7—A b+ - bS5 v 7HIE)

Fis 7z o LREUEM % WOT Ay s I AERET B LOTESIHERO GO0
g IO e RS N b B fesh 7o 75 L Tl FE A PSR (e RENG TS | (FD&C Act & Federal Food. Drug. and

I T,
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Cosmetics Act) @) Section 506 (21 US.C. 356) 12Jk-3<  IND i B IS OV T OIS TE 77— A ke R 5
ORRIKRTED Tr—Ab - b I OIRERETB L, FDA LOREDISHO I —F « T 2GS
DZENTES. e, PETHVE EUTHRET 20TEAL, SULT, MBS S KB T X 5. FDA
T 2047 < £ aIRkS 'Jif)‘h.»t}j‘Ehl)'mlm'll)\"??éfzf&ﬁ") g, dor—k -z FRA R (R LL
WM BB RET, AKDI Y FRA Y b2 GPINCHENS 5 C L AERERAINTE) DF — 2D Gl iiA R
MTEZZ LR ELPETHD ™

3.1.2 Accelerated Drug Approval Program (NIERAERHIE)

FD&C Act Section 506, 21 CFR 314 (W3R EHED $5KT 21 CFR 601 (MBI EdLE i34, A
Lﬂ%ﬁ]&?&#ﬂ)tﬁ)mﬁriﬁét()b‘“Cli FRTHAOFERVERKRICE > Ty oy - - TV PRI Mk
FHATNE, EIELER TGRSO T 2 B 2 M T B {10 E R C E AT 2SI REN L Eh
LGNS L. 1L, BIRIHRIERIT L, (IHEREE L Al oky. dilifdabl it S 9.

3.1.3  Priority Review Policy (B BEHIE)

CDER /21 CBER I & B B /CMRm fic & 0, d A IAGHH 10 51D &S AINDH 6 # ) SRS & 5

LB OB, IS R BN RO, BWE I PIRICBG SHAMN R L ity T Bk
Nk &5 WG, EFRREESER ST UENEOSZWN E AT ETANDERE NS "

3.1.4 Orphan Drug Designation (7 7 /BIRIEE)

1983 #4uz T4 —7 7 > FF v ¥ik) (Orphan Drug Act) M8l &4, REUBSAVKININT 20 77 ALL FBasEs,
FFIEAINIZ 20 5 AL BRSO S AN U TIRSERBE 5 &£ TORMARIANOED LIFTRIZR 2 05 C
EMEIMNC K A TS T X R0 & S bkl « EMBTICO VT, Shed—7 7 2 WE L TN L. MR
ot g BRI E IS, MUK RO BHERR, FDAIC M 24U ORER, LT 7 EIo B & HEZ R T
Wh. A—T7 7 YRERIEEORMEA -7 7 2 WEIHIES (0O0PD : Office of Orphan Products Development) Tfih
1%, FDA O Y 4 b hitp//www.accessdata.fda.gov/scripts/opdlisting/oopd (2 & U, BiE, bix< &% 80 FHY
D HCT/P B4 —7 7 Y WREE AR TV I EB39Hh 5, L, 477 U CLmBRDY & UTEDA MBIl
SEIREA TV HCT/P X E 700,

32 [EmesaEs

FTARTOPHE 4L TRIE 25050 PMAIINA, %2720 0 S BROINE &2 TREIC 5 ik LTih
dio o S WS S &M 9 % A& LT, Modular PMA, Streamlined PMA, Product Development Protocol
(PDP) A%dn % F1z, WDH - B0 fo I M S Die B OB TG & LT, NSRS ket (HDE ¢

Humanitarian Device Exemption) #3554

3.2.1 Modular PMA (£ 25— PMA)

i #14E PMA %, S5 BRIRGA, BRI RIE L B S a =ik GO 129 Rd 5. €3 a —Lid il
WyERE AL, R FDA B - fté?’l% WHIOEET, B2 a— L ditHdd (PMA > xb) &0 0, IHIC
LT & FDA LTS 2000875 KBS a— L BZHMLER, LEBICENAZMGNT S IRBOE S 2—
AU ENIANCE, RADOBIHHE FLTUHDOT, HONTUHOL I EMNRTES  fufs, RoREhiv
O PMA T2 a— b AEIIEET L0 L85 B2 27— PMA R, PMA LG HEHASIBE TH A%, oGl
RN T B Al EEA O LB A X TH S
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3.2.2 Streamlined PMA (f#1{L PMA)

i %1k PMA (& CDRH ORI T SN2 ik TH D (AR PMA WA PMA TEH % fEHLHRS 55
FDA PG HROOHE# - N2 X (AL TOABIRICHERIEh 5, WAL PMAE NI, FDAH A X X ELIZFDA N
SRRSO RIMOE M TEM S B0 000, B 0 WA FDA S UICHI DB TSI B S el Th s &

ETNB

3.2.3 PDP (Product Development Protocol, SR 70 b o—/b)

21 CFR 81410 I BL TN B WK BRI D IO FiiE. FDADMME Ao b a— &Lzl &k rL i
75 A U2 PMA RIBEFS D EH A E N5, EMiaic 7o b o~ (K. Ly, 22 Fh 9o B
L UT/RHET S PDP OBRICHES WG L LTI, Sl R T O L TS L ONMRINTS S,

3.24 HDE (Humanitarian Device Exemption, ASE{# MK ISHIRE)
21 CFR814.100-126 Ic AL E NS, AWENIHES (HUD,. Humanitarian Use Device) &1&, AIINTHEMN 4 T AL
FAMEL A U I d 205690 & To @ MifBEO B E 72 BRSSO TR IS & > TS T, ({7t s A i L s

PR L DL SO & D MR ANIC HE B BRSO U TED PN, I OBV e 246D itk -

TG 2 EMEL LT ES, BHAC K S0ERIIESR U SN TV S, HUD S A4 —7 7 WA & ik
{CO0PD Tirbfb, HUD & U THEST S 728ic(d, HDE (ARIAERIBARIEMDREED) 1% CORH L, Rid%
fHairhida o4y HDE dLSENADNIC PMA HHCHILL TU3 A5, PMAICH 24 TTEICINS 5 Wt Z mir X
HUEMHINTH S, 405, HOE AN il 2B Wl e e, RELLRTYVvTo
AR ETC, BENC K > TARSME WIS D - OV A Z a2 o3 L5 50 bhtinc &, #higX
BT ¢y P BEHOY X T & LB T &, BUERI ol BB IUTIED Y R Y - X2 T ¢ v b #
Wid Bk, ALz ENS AU HDEICRMMNaE T L & LU0, SN B EniinaofM &L e (RBY a/gEg
WTCHBHEHEFENS (21 CFR 814.124). HMH HDE REE T TWHUE, BHEADA Y 7+—L ROy
MEELREN LY. 35 HUD OBGEIC DU TE QSR AHUASHUN T H B A, SLBRIRASGIHET, FDA o) Wi T QSR
AR END T EMHD. &5, FD&C Act Section 520 (m) (21 US.C. 360)) & -T, "HYLL EOWIFI TS
THESES C 3L ERT WS, 2720, 2007 U bR SIBER L 21k - &%k (The Pediatric Medical Device
Safety and Improvement Act of 2007, Public Law 110-85) IC &k 0, /bROB#H W LANEDOWHNO@EM A2 I & L,
2007 £ 9 B 27 HLBRIOREENT: HUD IS DWL T, BEEOIRA R B R R OWITFHTRREENCGEL TE bk
Ly HDE AN 75 HEAR E BLEE N TS, THNE TICHN & U T UREZ 24 72 351HCT/P o0 Tid,
RS MBS T H 5 Epicel & OrCel A%, A EFNHAM L LS ARK(TIEO BV T HDR REE G TV S (£2).

4, FDAA—T7 7/ BSBRE

1983 T LI — 77 2 BT 7Bcid, B iasig « il BWL P $I3dEHi e 1 & UE WLl
Rl A B — R d 3 CEMHD HHTH DI E 05 T EMNHAETN TS, ABHRMEHIRT 27200 L L T,
CFDA LR =T T LURINWTES (OOPD) #7852  OOPD OfTFsLE, Mvbaisng il Wi (DEdkih, PR, Daibgas,
BESR 26 (PERiOD I FTOHRIER T & 85D R TP & UTRIMIC I E N3 B8) oMiss izt 4 %
T EEHD., AT T REONOEH 2 FEWMCOWT, FPANT = 2 B S UBIAT — 23 &, KB b
B LT T 20 E S, BRXULRMNWCHBEEHETXENE I N OOTOMHIS fhN T2 £72 00PD
RSP L, YT EB X TILRAMEO RO & L TLREL TV S

333




5. BRFEFREGEORIDOERERA

Lo, ATk RAROEDENG JCHEAHROBIRRHIE, TR - BOEN « KL TUBE5I 1
T HRAME U UFAMMNRIIC B TEbSNTH S Chldd < ECHANNRINCULWTIETODa Ry 2 g -
b e =2 CAIIEID) Th-T, MAMCRIFE TR AV EOD, BMi¥e LT FDA I (e DRSS,
LAY LTI, WH ) IND H1G5%1 15 & EAVT E ARG, BRAT T b I— LRI K, THEOM AL i
g5 EMETH S IRIHIML T, SRS hoy AR TOMN], BRSO IR0 A,
IR RSSO0, BIRASEE 1% T enkali A B R > T B

6. FDARSM -1/ N—3Vik

201247 H, TPDA % Tt - 4/ _— 3 3 ik ) (FDASIA © Food and Drug Administration Safety and Innovation
AcO AL 7o COMETIE, WIRIZEDCER. RIS, xS DRI K TS 7 A RO O TR 2 K
T 5 FDA ORI ZOMOTIES U DN TEBDIZEOTH D, LR IR - HERCHESN ORI « JUlic b
NEBPMEILZBEDICTRBEEZBND.

6.1 WA

FDASIA TIEUUSE N & FDA L DOIITH RO SuA IR 2 E AL ENT LD $7z, 2013-2017 it
OMIE B RE L THOEANE fEo e B & Lol Ao 2 80009 5 Hillle FDA LB T WS, dRAH O EiF k&
ZAS, FDA G [ e Lo () Il AU T B0 20T I 2 2 — v 3 v OB TRDHHEEON
HEMA2 2 —3a Oy TR 7 £ —< Y AOMA) Zd s T icins, 3, JYxxUy 7%
s X U7 S A RGO E RIS DU T FDASIA THIb Tl b E e

62 TrF—XbF - FIvo ENERARR

FDASIA (Ztd, U0 - BB O & 1IN E U POV OW R - RE T TR RN 2 8ED L DhvidE
THH, IhHOdGRIC KD, mELSE Hilld- IR OR T E g5 Wi E N5, FDASIA T, 77—
Ak o b ZONERZF RO KU AR FDA IR TV S, &, IR IRRIE &
L. 77—R b+ FF v 0T E &) T EREE ORISR AR YL T 3 b DB O L RO T,
FDA LG 572 R FDASIA O 580D S 1 LSRR L, TR ERICIENT 5 J EBRHENTVS

¥ 542 FDASIA TUE, URZRHA » SEIEOFRIE AN E L, A DMLEOERATLE D BUSMTENT BT LA T
YA B F — R K > TR E NI TTINRNES ) (Breakthrough Therapy) 2 L. ZO R f- %48
SO E WO QG E FDA RO TE D, FDAGITIIMHIGLIC I 5 4 A 572 R %% FDASIA 5840 % 18 1) LA
MICTER L, ZoBHIS USRI S 5 2 B ARRB LTS

6.3 WIER

W P R ORTE OGS DU TR ad S B8O RAMH D, BIRIE, H2HiOR g (i, 7
FIT. RAMAZEY & FDA LD NGO SRR B L WAL TRDSENIZT S R R e it &
SIHCB U THEINT 2 SRS NTO % £z, ARMDHE QREDS 18 R TIIBET S HDH) Oifi
AR AR AR N B LA TS

Ho YT
FDASIA (o % K540, KIET > Xy b o Z— K il % 7o th o NERMI RS « EMEBRAR OB 78 & L NTHE O itk

O IR L, Foy GO, FDAICINEO E S L MARGHNTVS  EIEOF DI & & I8, Tilk.
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PR DB Ic S8 B RN FRRA = —A—DhilE « A TN S L L &1, RPN DT Tu—F 4

kB HNBESEED, TS EWEL I BHIZESEN « (REBREORITHCHMREE > TV D, PEART - i
B Rt -+ (PO PIBICIZY R 7 L XHT 0y FONRS Y ANRETHZH, £ O I T DY
THIUED HIE EMIEHIC E > T BRI & > THREl - RHBOBSN LS T3 LRI ET, Bosl -
PRI G LM EICOB P CH L DEIHER N 210 ES LEL X0 Od, L) KEGNMOMIEAEESZ I, &
K TR KORGS5 5 B ED B LD E KA BNS, ’

X R :
1) 12 6 12 A 26 FIKIERET 1314 90 1 TSl - HIRR R T D SRS S O L O N BRI I B A R B R J7
2) PEE 15 i 5 4] 20 FIPAL BT RS 210 b DA TR I
3) CERR 22 11 A 1 ARSI AR 380 45 T Ml V2B IC T AR5
4) 108 20 4 2 B 8 HAEIIET 0208003 %5 Te b ((33) fdesily - SR TN F o TN U R O
Mg S HEE
5) 4820 1129 1] 12 (FHAIEN 0912006 13 T b (WRD) (HokAI - HINEID LR SO T TR T L Lo R
I %458
6) FDA Definition of anary Mode of Action of a Combination Product. Federal Register Vol. 70. No. 164 August 25,
2005
7) FDA Guidance for Industry and FDA Staff : Minimal Manipulation of Structural Tissue Jurisdictional Update.
September. 2006
8) FDA Guidance for Industry: Fast Track Drug Development Programs-Designation, Development, and Application
Review. January, 2006
9) FDA/CDER MAPP 6020. 3 Review Classification Policy : Priority (P) and Standard (S). July 16, 2007
10) FDA/CBER SOPP 8405 Complete Review and Issuance of Action Letters. September 20, 2004
11) FDA Cuidance‘ for HDE Holders, Institutional Review Boards (IRBs), Clinical Investigators. and FDA Staff

-Humanitarian Device Exemption (HDE)} Regulation : Questions and Answers, July 8, 2010
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BEERRRLOBRELEaL—vaY

2. BEERICHT S - B@m IR0
RRELF¥aAL—>aYy

BIIFHL, (ckiEa

PHETIR BEERICHAZNIEE - ABNMINRORELCEER AREETERK
REZHDIL—-bE, TE FEMREAVIRETR 2R TALEER - SEERSCALD
L—bBB2H BROFPZEIEVT 1 LERLEVWSENISBRIBEZIRSD C EHREIR
3. B8 HEMTRSORRICHALTE, BERODLVEBENRETIIENEVSE
. R LHERR TH IR ED SEMFEEROBBRAIAZEEINDS FABTRIN
S5& &b BERBICH > TOHR - BENTHRAORYE - REUEREPRROREICS
T BEBIECDWTIMHT 3,

FU®IC

MO & o2 iR, S E TR
DA &> > 2l - HUS D W7 2 S8 & L Tk
Wi Tus, IWERECBLTE McfEhd 5
CERIMIC, EE A E 2R I DL Tl
SAB WA THI - ALEI TRESESN /AR R (R
M- A DY) EWRER S, Bl TIibR Tt
L& ATy |00 - HUEIN TWRIE, B et 7
EDHHIIEERE - ML L AL OB EALTH B

[#—7—F &IEHE]

MEHE, (RVESRHIIY, ESHIUE, iPSHNRE KR E L7
Bt e WO biEA TV B, S S MY T
SR HERN S TATE Y, W 4AiloE g,
Refiks, SrEASREENA &, QU T B84 Ay
A L ¥ ZADPWEADIEH I, B EE LN
VIR TR K B A rE Rk L T b A
VLA RS TEY, EREIC SBL GRHTEN Tl
ERTWE Ll, BMELMEElischiy,
itz 2 I - JUI LW o EHIL DS A s Wl &
3 HMT BIciE, B e FTitL, RREREY

PRAEDEHE, AN - HlERIN L3S, PSR, A4 Fo 4>

ES #83 : embryonic stem cells (IEAE4HIND
GCP : good clinical practice

GLP : good laboratory praclice

GMP : good manulacturing practice

GTP : good tissue practice

ICH : The International Conference on
Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for
Human Use

iPS #BR : induced pluripotent stem cells
(A LB HEE R

The Japanese regulatory framework for clinical trials of cell/tissue-engineered products

Shinji Kusakawa '’ /Yoji Sato?' @ Foundation for Biomedical Rescarch and Innovation ' /Division of Cellular and Gene
Therapy Products, National Institute of Health Sciences ™ (Gaslae ML/ Bl 880 fedd i s IFFe it Al
AR

194 (1702) PR Vol 30 No. 10 (%R 2012
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Abstract

pheochromocytoma cell line (PC12).

.

Background: Adipose tissues contain populations of pluripotent mesenchymal stem cells that also secrete various
cytokines and growth factors to support repair of damaged tissues. In this study, we examined the role of oxidative
stress on human adipose-derived multilineage progenitor cells (hADMPCs) in neurite outgrowth in cells of the rat

Results: We found that glutathione depletion in hADMPCs, caused by treatment with buthionine sulfoximine (BSO),
resulted in the promotion of neurite outgrowth in PC12 cells through upregulation of bone morphogenetic protein
2 (BMP2) and fibroblast growth factor 2 (FGF2) transcription in, and secretion from, hADMPCs. Addition of N-
acetylcysteine, a precursor of the intracellular antioxidant glutathione, suppressed the BSO-mediated upregulation
of BMP2 and FGF2. Moreover, BSO treatment caused phosphorylation of p38 MAPK in hADMPCs. Inhibition of p38
MAPK was sufficient to suppress BMP2 and FGF2 expression, while this expression was significantly upregulated by
overexpression of a constitutively active form of MKK6, which is an upstream molecule from p38 MAPK.

Conclusions: Our results clearly suggest that glutathione depletion, followed by accumulation of reactive oxygen
species, stimulates the activation of p38 MAPK and subsequent expression of BMP2 and FGF2 in hADMPCs. Thus,
transplantation of hADMPCs into neurodegenerative lesions such as stroke and Parkinson's disease, in which the
transplanted hADMPCs are exposed to oxidative stress, can be the basis for simple and safe therapies.

Keywords: Human adipose-derived multilineage progenitor cells, Adult stem cells, Reactive oxygen species, p38
MAPK, Neurite outgrowth, BMP2, FGF2, Neurodegenerative disorders

Background

Mesenchymal stem cells (MSCs) are pluripotent stem
cells that can differentiate into various types of cells
[1-6]. These cells have been isolated from bone marrow
[1], umbilical cord blood [2], and adipose tissue [3-6]
and can be easily obtained and expanded ex vivo under
appropriate culture conditions. Thus, MSCs are an at-
tractive material for cell therapy and tissue engineering.
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Human adipose tissue-derived mesenchymal stem cells,
also referred to as human adipose tissue-derived multili-
neage progenitor cells (hRADMPCs), are especially advan-
tageous because they can be easily and safely obtained
from lipoaspirates, and the ethical issues surrounding
other sources of stem cells can be avoided [4-6]. More-
over, hADMPCs have more pluripotent properties for re-
generative medical applications than other stem cells,
since these cells have been reported to have the ability
to migrate to the injured area and differentiate into
hepatocytes [4], cardiomyoblasts [5], pancreatic cells [7],
and neuronal cells [8-10]. In addition, it is known that
hADMPCs secrete a wide variety of cytokines and

© 2012 Moriyama et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpy/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



Moriyama et al. BMC Cell Biology 2012, 13:21 Page 2 of 11

http://www.biomedcentral.com/1471-2121/13/21

growth factors necessary for tissue regeneration includ- hADMPCs in animal models of acute ischemic stroke
ing nerve growth factor (NGF), brain-derived neuro-  markedly decreased brain infarct size, improved neuro-
trophic factor (BDNF), fibroblast growth factors (FGFs), logical function by enhancing angiogenesis and neuro-
vascular endothelial growth factor (VEGF) and hepato-  genesis, and showed anti-inflammatory and anti-
cyte growth factor (HGF) [11-14]. apoptotic effects [9,10]. These effects were due in part to
Recently, several groups have reported that hRADMPCs  increased secretion levels of VEGE HGF and bFGF
facilitate neurological recovery in experimental models under hypoxic conditions [13], indicating the role of
of stroke [9,10,15] and Parkinson’s disease [16]. Despite =~ hADMPCs in reducing the severity of hypoxia-ischemic
the superiority of hADMPCs over other stem cells, the lesions.
potential use of hADMPCs for the treatment of these In addition to hypoxic stress, ischemic lesions are gen-
neurodegenerative disorders has not been fully investi-  erally subject to inflammation, which leads to the gener-
gated. It has been reported that administration of ation of reactive oxygen species (ROS) [17,18]. ROS are

g
. A © Glutathione Redox State B Reactive Oxygen Species

00
5 r *k
30
25
20
15

10 o "'
20 -
5 3
- o oo + v r

-
10° 30’ 0% 157 1ot

cont BSO CM-H,DCFDA

|
-BSO

- control
--no stain

#0 -]

[y

60 -

Ratio GSH/GSSG

e,

e

sto 5 H 25% —
s i ”“';T““‘ £ ‘ | o ]
g ! 3 o
g £ PR k :
8 g I
2 g 0%
£ | £ i
3 50 5 5% '
z = !
o o W R | 03 Lo R R .
cont CM CM NGF cont CM CM NGF
BSO(-) BSO(+) BSO(-) BSO(+)

Figure 1 Conditioned medium from hADMPCs exposed to oxidative stress induces neurite outgrowth in PC12 cells. (A, B) Decrease of
the reduced/oxidized glutathione ratios and increase in the intracellular ROS levels in hRADMPCs treated with BSO. hADMPCs were treated with
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by conditioned medium from BSO-treated hADMPCs. PC12 cells were induced to differentiation by changing medium to differentiation medium
alone (C), CM-BSO (=) (D), CM-BSO (+) (E), or differentiation medium with NGF (50 ng/mL) (F) for 2 days. Scale bars, 200 um. (G) One hundred
individual neurites were measured in each sample using Dynamic Cell Count Analyzer BZ-H1C (Keyence, Osaka, Japan) and average neurite
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generated as a natural byproduct of normal aerobic me-
tabolism, and mitochondrial respiration, together with
oxidative enzymes such as plasma membrane oxidase, is
considered to be the major intracellular source of ROS
production [19]. Although appropriate levels of ROS
play an important role in several physiological processes,
oxidative damage initiated by excessive ROS causes
many pathological conditions including inflammation,
atherosclerosis, aging, and cancer. Neuronal cells are es-
pecially vulnerable to oxidative stress, and numerous
studies have examined the crucial roles of oxidative
stress in neurodegenerative disorders such as stroke
[17,18], Alzheimer’s disease [20,21], and Parkinson’s dis-
ease [22,23]. In these diseases, microglia, the macro-
phages of the central nervous system (CNS), are
activated in response to a local inflammation [24] and
generate large amounts of reactive oxygen and nitrogen
species, thereby exposing nearby neurons to stress
[18,25]. Thus, the influence of oxidative stress generated
by neurodegenerative lesion on hADMPCs needs to be
further studied. :

In this study, we examined the role of oxidative stress
on hADMPCs in neurite outgrowth in cells of the rat
pheochromocytoma cell line (PC12). Upon treatment
with buthionine sulfoximine (BSO), an inhibitor of the
rate-limiting enzyme in the synthesis of glutathione,
hADMPCs accumulated ROS, which resulted in the
upregulation of expression levels of the neurotrophic
factors BMP2 and FGF2. Our present data thus provide
new insights into understanding the mechanism of how
hADMPCs exposed to oxidative stress contribute to
neurogenesis, and this may explain the effects of stem
cell transplantation therapy with hADMPCs in treating
ischemic stroke.

Resuits :
hADMPCs exposed to oxidative stress stimulate neurite
outgrowth in PC12 cells

hADMPCs were treated with 1 mM BSO for 24 h; a group
of hADMPCs that were not given any treatment was used
as the control group. As shown in Figure 1A and B, BSO
treatment resulted in significant reduction of intracellular
reduced glutathione levels, followed by accumulation of
intracellular reactive oxygen species (ROS) in hADMPCs.
To investigate whether accumulation of ROS affects secre-
tion of cytokines from hADMPCs, conditioned medium
from BSO-treated (CM-BSO (+)) or BSO-untreated (CM-
BSO (-)) hADMPCs was added to PC12 cells. As
expected, addition of NGF significantly induced neurite
outgrowth in the PC12 cells (Figure 1F, G, H). hRADMPCs,
like other mesenchymal stem cells derived from bone
marrow or adipose tissue, may secrete many cytokines in-
cluding NGF, BDNF and FGF2, and this may account for
the slight induction of neurite outgrowth seen in the CM-
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BSO (-) treated cells (Figure 1D, G, H). In contrast,
the number and length of neurite outgrowth of PC12
cells in CM-BSO (+) (Figure 1E) was markedly enhanced
compared with those in CM-BSO (-) (Figure 1D, E, G, H).

Conditioned medium from BSO-treated hADMPCs
activates Erk1/2 MAPK and Smad signaling in PC12 cells
To investigate which intracellular signaling pathways
were involved in the neurite outgrowth of PC12 cells in
CM-BSO (+), we used western blotting to determine the
phosphorylation levels of Erk1/2 MAPK, p38 MAPK,
Smad1/5/8 and Akt in PC12 cells in various culture con-
ditions. NGF significantly activated Erk1/2 MAPK and
Akt signaling pathway (Figure 2). In contrast, Erk1/2
MAPK was not activated in PC12 cells exposed to CM-
BSO (), while an increase in phosphorylated Smad1/5/8
was observed. Interestingly, CM-BSO (+) treatment led
to both a significant increase in Smad1/5/8 phosphoryl-
ation levels as well as activation of the Erkl/2 MAPK
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Figure 2 Erk1/2 MAPK and Smad1/5/8 are activated in PC12
cells cultured in conditioned medium from BSO-treated
hADMPCs. Western blot analysis of PC12 cells cultured in
differentiation medium alone (cont), CM-BSO (), CM-BSO (+), or
differentiation medium with NGF (50 ng/mL) for 1 h. Proteins
extracted from each cell culture were resolved by SDS-PAGE,
transferred to a membrane, and probed with anti-phosphorylated
Erk1/2 (phospho Erk1/2), anti-Erk1/2, anti-phosphorylated p38
(phospho p38), anti-p38, anti-phosphorylated Smad1/5/8 (phospho
Smad1/5/8), anti-phosphorylated Akt (phospho Ark) and anti-Akt.
Actin was analyzed as an internal control. Numbers below blots
indicate relative band intensities as determined by the Image)
software.
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signaling pathway in PC12 cells (Figure 2). Akt was 2-
fold activated in both CM-BSO (-) and CM-BSO (+)
treated PC12 cells, but no significant difference between
the 2 groups was observed.

FGF2 and BMP2 are upregulated through p38 MAPK
signaling in hADMPCs exposed to oxidative stress

We next examined which growth factors or cytokines
from BSO-treated hADMPCs were involved in stimulation

Page 4 of 11

of neurite outgrowth. We found that both mRNA
(Figure 3A and B) and protein (Figure 3C and D) levels
for BMP2 and FGF2 were markedly increased in
hADMPCs treated with BSO. To determine if this upregu-
lation was caused by ROS, all cells were exposed to the
antioxidant N-acetylcysteine (NAC). As we expected,
addition of NAC to BSO-treated hADMPCs reduced the
expression levels of BMP2 and FGF2 to control levels
" (Figure 3E and F). As BMP2 together with FGF2 has
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Figure 3 Transcription and secretion of BMP2 and FGF2 were increased in hADMPCs exposed to oxidative stress. (A, B) Upregulation of
BMP2 (A) and FGF2 (B) mRNA in hADMPCs by BSO in a dose-dependent manner. (C, D) Secretion of BMP2 (C) and FGF2 (D) from hADMPCs in
medium alone (cont) or with addition of 1 mM BSO (BSO) was analyzed by ELISA. (E, F) NAC treatment repressed the expression levels of BMP2
and FGF2 upregulated by BSO to the control levels. Expression of BMP2 (E) and FGF2 (F) mRNA was analyzed by g-PCR. cDNA was generated from
total RNA extracted from hADMPCs (cont), hADMPCs treated with 1 mM BSO (BSO), T mM BSO +5 mM NAC (BSO +NAC), and 5 mM NAC (NAQ).
The most reliable internal control gene was determined using the geNorm Software. {G, H) PC12 cells were cultured in differentiation medium
alone (control), or differentiation medium supplemented with BMP2 (40 ng/mL), FGF2 (5 ng/mL), or both BMP2 and FGF2 (BMP2 + FGF2) for

2 days. (G) Representative images of neurite outgrowth in PC12 cells. Scale bars, 200 ym. (H) One hundred individual neurites were measured in
each sample using Dynamic Cell Count Analyzer BZ-H1C (Keyence) and average neurite length was calculated. *, P <0.05 (Student’s t test). (I, J)
PC12 cells were cultured in CM-BSO (=), CM-BSO (+), or CM-BSO (+) added with recombinant murine Noggin (200 ng/mL). (1) Western blot
analysis of PC12 cells 1 h after CM treatment. Proteins extracted from each sample were resolved by SDS-PAGE, transferred to a membrane, and
probed with anti-phosphorylated Smad1/5/8 (phospho-Smad1/5/8) and anti-Actin. Numbers below blots indicate relative band intensities as
determined by the ImageJ software. (J) Two days after CM treatment, 100.individual neurites in PC12 cells were measured in each sample using
Dynamic Cell Count Analyzer BZ-H1C (Keyence) and average neurite length was calculated. *, P <0.05 (Student’s t test).
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previously been shown to induce neurite outgrowth in
PC12 cells [26,27], we examined the effect of BMP2 and
FGF2 on neurite outgrowth. We confirmed that PCI12
cells did not differentiate effectively by BMP2 treatment
alone, but BMP2 significantly augmented FGF2-induced
neurite outgrowth in PC12 cells (Figure 3G and H), as
previously reported. Moreover, in order to confirm the ef-
fect of BMP2 on neurite outgrowth in PC12 cells, 200 ng/
mL of Noggin, an antagonist of BMP signaling, was added
to CM-BSO(+). Addition of Noggin significantly sup-
pressed the CM-BSO (+)-evoked phosphorylation of
Smad1/5/8 (Figure 3I) and shortened the length of neurite
outgrowth in PC12 cells (Figure 3J).

To address the question of which intracellular signal-
ing pathways are affected by oxidative stress in
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hADMPCs, we focused on MAPK signaling since previ-
ous studies had suggested that accumulation of ROS in
cells led to the activation of Erkl/2, p38, and JNK
MAPK [28,29]. Western blotting revealed that BSO
treatment markedly activated the p38 MAPK pathway;
SB203580 could inhibit the activation, and U0126 treat-
ment stimulated the activation (Figure 4A). ERK1/2
MAPK was significantly phosphorylated by BSO treat-
ment, and ERK1/2 activation was reduced to the control
level by treatment with U0126 (Figure 4B). In contrast,
JNK activation was not observed in BSO-treated
hADMPCs (Figure 4B). Therefore, we further investi-
gated the relationship between increases in BMP2 and
FGF2 expression and activation of the p38 and ERK1/2
MAPK signaling pathways by oxidative stress. Treatment
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Figure 4 BMP2 and FGF2 were upregulated through activation of p38 MAPK. Inhibiton of p38 MAPK resulted in the supression of BMP2
and FGF2 transcripts upregulated by BSO treatment in hADMPCs. hADMPCs were pre-treated with 10 uM of SB203580, 10 uM of U0126 or 10 uM
of JNK inhibitor I for 2 h followed by 1 mM BSO treatment for 16 h. The medium was replaced with fresh culture medium and the cells were
cultured for another 2 days. (A) Western blot analysis of p38 MAPK activation in hADMPCs. (B) Western blot analysis of ERK1/2 MAPK, JNK SAPK
activation in hADMPCs. (C, D) Transcription levels of BMP2 (C) and FGF2 (D) were analyzed by g-PCR. The most reliable internal control gene was
determined using the geNorm Software.
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with the p38 MAPK inhibitor SB203580 dramatically
. downregulated the expression levels of BMP2 and FGF2
to control levels (Figure 4C and D). In contrast, the
Erk1/2 MAPK inhibitor U0126 had no effect on FGF2
expression levels and led to a slight increase in BMP2
expression (Figure 4C and D).

MKK6-mediated activation of p38 MAPK increases BMP2
and FGF2 expression in hADMPCs

To further confirm the involvement of p38 MAPK in
the regulation of BMP2 and FGF2, hADMPCs were
transduced with a lentiviral vector expressing constitu-
tively active MKK6 (MKK6 (glu)) [30] from an EFla
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promoter. As shown in Figure 5A, lentiviral transduction
of MKK6 (glu) led to expression of Flag-tagged MKK6
(glu) in hADMPCs. Moreover, the expression of MKK6
(glu) resulted in activation of p38 MAPK as expected
[30] (Figure 5A), and upregulation of BMP2 and FGF2
expression (Figure 5B-E).

NF-kB is not activated in hADMPCs exposed to oxidative
stress

It has been reported that NF-«B directly binds to the
BMP2 promoter to induce its expression [31], and
MSK1, a downstream molecule of p38 MAPK, is
involved in NF-kB transactivation [32]. Therefore, we
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Figure 5 Activation of p38 MAPK by a constitutively active form of MKK6 resulted in elevated expression of BMP2 and FGF2. (A) A
lentiviral vector expressing Flag-tagged MKK6 (glu) was transfected into hADMPCs. Expression of Flag-tagged MKK6 (glu), phosphorylated p38
MAPK and p38 MAPK was analyzed by western blotting. A CSII-EF-EGFP lentiviral vector was infected as a controt (GFP). Actin was detected as an
internal control. (B, C) Transcriptional levels of BMP2 (B) and FGF2 (C) were analyzed by g-PCR. The most reliable internal control gene was
determined using the geNorm Software. (D, E) BMP2 (D) and FGF2 (E) secretion was analyzed by ELISA.




