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High replication rate of induced pluripotent stems cells appears to contribute to breaks in DNA
(2018.03.08 A FK)

Scientists at the U.S. Food and Drug Administration (FDA) showed that the high replication rate of induced pluripotent stems cells (iPSCs) likely contributes to the
formation of breaks in DNA routinely seen in these cells.

Undifferentiated iPSCs are not used directly; however, they can be coaxed to make any cell types, such as nerve, liver, and heart muscle cells. They are derived in the laboratory by
treating adult cells with special factors that cause them to revert to an undifferentiated state. These cells have many potential uses in regenerative medicine, but it is important
to determine that they are safe for use in humans. Scientists have shown that iPSCs have DNA damage. Some of this comes from the cells used to make them, but
some of it is newly occurring. DNA damage can lead to tumor formation, so understanding the sources of the damage in iPSCs is important to their medical use.
The FDA finding that the high replication rate of iPSCs contributes to breaks in the DNA is important to understanding how to safely use these cells, which have
therapeutic potential for repairing or replacing diseased or damaged tissues and organs. The DNA breaks are usually repaired by specific cellular processes in a process called
DNA repair. However, the accumulation of breaks in the cells after they are converted to iPSCs increases the likelihood that some of them might not be repaired.

Therefore, it is important for scientists to be able to detect DNA breaks in iPSCs and understand why they occur. Such information could help both researchers and FDA reviewers
better understand the importance of such breaks, especially as they could affect the safety and efficacy of therapeutic stem cells made from them.

To get a “snapshot” of the extent of DNA breakage that occurs in replicating iPSCs, the FDA scientists tracked the appearance of a tell-tale chemical change of a protein in the chromatin
of iPSCs that occurs following such a break. Chromatin is the complex formed by DNA tightly coiling around proteins, which enables the genetic material to be packed into a single cell.
Following a break in the DNA, one of the chromatin proteins, called H2AX becomes modified into a form called gamma-H2AX. This occurs whether the break occurs in both strands of
the double-stranded DNA molecule or in only one of the strands.

To monitor the extent of gamma-H2AX production, the scientists produced iPSCs by converting fibroblasts into iPSCs. Fibroblasts are mature cells found in skin. The FDA team then
treated the newly made iPSCs with growth factors that caused them to differentiate into more specialized cells called multipotent stromal cells (MSCs). MSCs are a type of stem cell that is
being studied by numerous laboratories for their potential in treating a variety of diseases. Fibroblasts and MSCs divide less rapidly than the undifferentiated iPSCs.

The study found that iPSCs have elevated levels of gamma-H2AX compared to both fibroblasts and MSCs. Moreover, this higher level of gamma-H2AX was accompanied by increased
levels of two chemicals: 5 - ethynyl - 2" - deoxyuridine (EdU), which is incorporated into newly synthesized DNA, and Replication Protein A (RPA), a protein that appears during DNA
replication. This was further evidence that the rapid rate of replication in iPSCs was associated with the increased level of breaks in DNA.

Hf FDARKIR—LR—=SI2&KYT—H— - T4 - 1) FILIER

© Arthur D. Little Japan Al'ulll' D I-it“e 165



5-1. REBFDIREEF
KECIRMIZE [+ B EEM

CIRMIZER L #EA D 2006 F (CIFHARRAEZPIDICRIERR RV 7z —X 1 ITEAHT

HEBEZEIL T TV,

BRI B TACIRMOD 27T 7B

2006 FIZKE LI-RE A MK

B R AS I o

B REEBIZBITAREITIEVNEDD ., TNET ®
DB RERTEZREA TA—F VYA
RERE. BRXZE W TA4YvoEm Ny "
ViR d—xFiEE) DR, HEiEE. A | .
Bk

B 7 TAVT DEBEER, BIEEEK>T7—X -
122z —XMN-7x—XMEHY, IJ2—XMIZ | 4
BELTIIREAB -SERAN/INS=-OICERET
ELEREHEIT DA

—  “Because of their expense and because of the time -
required to reach this stage of clinical development, CIRM -
is unlikely to fund Phase lll trials over the time span of the
Strategic Plan. Although CIRM will likely fund some Phase -

Il trials, most funded studies will be Phase | trials.” =The

strategic Planning Framework -

HiF : CIRM Scientific Strategic Plan December 20062 & Y 7—4—« T« + 1) bJLYERK

© Arthur D. Little Japan

TENYEARS GOALS

CIRMO#IZ 5 E L. LHEMMRICHRE T 2BIEMEEFERLT, 2Eét1D
DIEEDHAEZERIE TED LSRR EFIIAT S

CIRMO BT 5E L. 2~4EDEBMDEKEEICH T EI7z—XIFE =TT —XIIEE
KRB TORMBMEIcE S -AEAZERET S

CIRMO# T 5E (L. B EDSSLLERKAFRICESZ BT H-0D
EMEXREZFZHITHILANILOBRNZERT S

CIRMIZL. RiIESRFAF RS HIBIEDREERTEEMT H-ODH LT T
A—FICELFRETS

BMRMEEFERALT. CRMOEEIREEZ T-HEEIL. 6~8FFEDKE
DABRBEDO-HOHBEREMETIORBEIEHETT S
CIRMOELIRMEZ(H-TARE L. 200 530D EEDEREH OHMMEaKEE
L. ZnoxFRALTRRICEATHHLLVMERZIGL. HTLOVEYZNE
EL.FLIVAEEERRTS

CIRMIZ. GMPE##FE-F 3F T BRMAE LW E S HIRMBAD EED
HDHFLWFIEDBFEEATREIZT S

CIRMAEENRIETIMARFEL T AOSETELHBOEEICESINEDR
TYIT DL EERT S

cmw&t b\1&¢z¢éﬁﬁn’&ﬁbt s ZOREMOBCBES LU
i3 : 2 L. 5% fEET 5

CIRM( J:U iﬁEHﬂEﬁn( EDOW-HBEBROFLVAEDORREERREIZT S

Arthur D Little 146



5-1. REBFDIREEF

KECIRMDIZREFHRDZEL
L TIERIERER - RS BAOPHEHOLTHY . WHICRE L ERHRE
EERRRNDHEITE > ETHENIENRE NS

CIRMOFHIEH CIRMTEE L DHEFE
_ _ Wi - R S
BiE-HE WM e A—0OBRE. BHR. UYU—2 ﬁ; (f&F3*)
& EEVKECERT 5-0DFE .
HE 4 ARl
B AEEOMERENR LICHT1=2 AR
BE e o o Wl EEL - TR
B00SLDEED-HDFTE -Eﬁ‘ﬁﬁﬁés‘t
RS m R -/ Lo DFICEAT IR
i * B L1, BRI ORIER
~DXETFE 490 520
452% 5.4% o
magr W PROBLEROBREE - BEH ' 387 el

MERRTHEODFE

BiEL - B HIERRERBEICH DR fEDHEE
R MEELSEDSE-ODFEHE

BE B ERERERBE(C B S BERHEDBRFEZ M
" HESEEH-ODFE

CKRBBE. BH. B¥LBEFFOTOMTEER LRULH) 2006%F-  2008%F-  2010%-  2012%F-  2014%-  2016%-  2018%-
20074F 20094 20114 20134 20154 20174 20194

AR STHRZERREM >4 — (CRDS) TEREDHFTEHEZRICT—H— T4 - ) FILER
HEE. 1K FIL=I10ATHTE

© Arthur D. Little Japan Al'ulll' D I-it“e 167



5-1. REBFDIREEF
KECIRMDIRES M (A FEE)

REVRBEZEBHAELNCEGFER - BEERDES ) T4 2B 1T HEHEM
R BRRICAMEAREZV T b,

CIRMO FEILEMREEHDZEL

HAEFFZ (S0 - IR - sk - AS) HEFY

IR (% - 5140 - #R1F - $5ER - GMP) | BARER GHEZR - NI BEFE)
Bl ECTFam - BEER - BEER - BEAMRS

428 427
. 385 1% s 0%
12% 312

5%

20064-20074F  20084F-20094F  20104E-201 14  20124E-20134F  2014%-20154 20164-20174F  20184-20194

AR STHRZERREM >4 — (CRDS) TEREDHFTEHEZRICT—H— T4 - ) FILER
HEE. 1K FIL=I10ATHTE

© Arthur D. Little Japan Al'ulll' D I-it“e 168



5-1. EEBAF DR EEIR
KEICIRMOEEFM (Bfiragis)

(2, 2016 FEMNLIEEITHIIT Tex vivoiBIEFRAEZSUELEFAEANDRED]
EIZERond,

CIRMO X EH{REFIMEBDE L

ExD B CRMIEZ AT S7DHED (RF3)
e e — e e — s FEIZEI7FOTa4UT
W B EFAaE (exvivoBEFAEEEZSD) LTWBi-0., TEOHE
, = e T FHRDZEILIZEFELY., exvivo
B ELEERE (exvivoBlZFEEEZRKR) AT ABAALEETA 422
BATENER - L HR

20064-20074F  20084F-20094F  20104E-201 14  20124E-20134F  2014%-20154 20164-20174F  20184-20194

AR STHRZERREM >4 — (CRDS) TEREDHFTEHEZRICT—H— T4 - ) FILER
HEE. 1K FIL=I10ATHTE

© Arthur D. Little Japan nl'ulll' D I-it“e 169



5-1. REBFDIREEF
KEFDAEIR (BEER)

FDAIZFEBAEEICS VWV TRERFOESFEZAEICLTLNSd, mEEAET
Ot REERHAERIZCTA+A—HDALTHA FSA4Z7ZHLTLS

BEEREICEITS
WMEDHAFTRA—E&

=S

JHU

Same Surgical Procedure Exception:
Under 21 CFR 1271.15(b): Questions and
Answers Regarding the Scope of the
Exception (2017511 B A%R)

Regulatory Considerations for Human
Cell, Tissues, and Cellular and Tissue-
Based Products: Minimal Manipulation and
Homologous Use (2017411 A %)

Evaluation of Devices Used with
Regenerative Medicine Advanced
Therapies (20194F2A A %)

Expedited Programs for Regenerative
Medicine Therapies for Serious

Conditions (201928 A %K)

B ERMRABNIEKICE TSR EREEZAT

B FDAIZH TS EERHENAZE (R/NEDHE. BRERL
E) ODEERVZFDERICET 5588

Bt MR LUHEEBRAICT AFDAOI Y TSAT Y
A - HEITARY O—FBR

B B4 EHEDrecovery, isolation, deliverylCE W THEASIN ST
I\ A R DFDAD EH i FE £ D BAR

B RN GREFIFREICHT IBEERABREIRET S
ARG —DHATESTOY S LDOBETR

B EAEROIERDZROFERICEAT 588 EDHET

B EEERICEITHMKRAKBOZEESHEICEAT S0

HAT : FIDARKR—LR—=—UFRIZT—H— - T4 - ) MILER

© Arthur D. Little Japan

B SRR AE

End%m
EZ O TIEAE
WHZDED
EEZPIDIC
BAR

B EREERT

0+ R/EERER
BR(ZS D bk

Arthur D Little 170



5-1. REBFDIREEF
KEFDAEIR GEILFARE)

EEFARICBEVWTIIRENEREZRDICHRARICE ITOHESREZEY H
7. FERRZHEL TS EEESIND

B FRAEIZEITS
WMEDHAFTORA—&E

M=z

JHL

Interpreting Sameness of Gene Therapy Products
Under the Orphan Drug Regulations
(202051 A F3 7 FRAR)

Human Gene Therapy for Hemophilia

(20205F | FAK)

Human Gene Therapy for Rare Diseases

(2020 | EAR)

Human Gene Therapy for Retinal Disorders

(2020 | ENR)

Chemistry, Manufacturing, and Control (CMC)
Information for Human Gene Therapy Investigational
New Drug Applications (20204 | £ 5)

Long Term Follow-up After Administration of Human
Gene Therapy Products (2020%F | /A %)

Testing of Retroviral Vector-Based Human Gene
Therapy Products for Replication Competent
Retrovirus During Product Manufacture and Patient

Follow-up (20204 | /A 5R)

HAT : FIDARKR—LR—=—UFRIZT—H— - T4 - ) MILER

© Arthur D. Little Japan

B HEVRBRAEERICEITHEGTFABRDR—EDHI
[ZH 1T BFDAD REE

B MRmaREENE L-EGFAROREICEANLE
XY HHREIR
> BIERARARBROZEEEFEZET
B AVRERRZENE LEEGFARAEORAREICEADLS
HITxd HHEREIE
> ERRBARDRFAFEEET
B RREEARZENE LEEGRTFAROREICEADLS
BT I HHREE
> KRB DR FEEST

B ERABRAEELOELTENE., RELEERIITS
F=OIZILE+ 5 CMCIER Z iRt
B ECFAROBEMEICH T ARAADHEEIE

BLLADAIILARY Z—DEGETFARABRARIZE ITHE
ERVEHBOMEEE

REZFRY .
ERERBARICH
[+ 5 REEEIE
[2T74A—Hh R

MERFED T
O+ X 2B
(29 B &I
KU, AREE
D BF % 5k
LTUL3EHE
£

Arthur D Little 17



5-1. REBFDIREEF
THYVY—L REIEESM

FDAZEHENEHIZCEWTHE IV VY —LEEDRAEHIZREIFZIZEMMIREH.
SEBORTUOVYILZFTEFRLE-EZEELRAONS

FDAIZ & % ;3 E Mt

T DR FI| B ES

B 2019 12ARFDAIXT Y VY —LEREICEHYT S
BHLREZTER
— A& EFN(Public Safety Notification)& LT, TV VY —
LEEICKDATEREHE
- FDAARRAILIE=IV VY —LRERFFELGVEER

“The Food and Drug Administration (FDA) is informing the public, especially patients,
health care practitioners, and clinics, of multiple recent reports of serious adverse
events experienced by patients in Nebraska who were treated with
unapproved products marketed as containing exosomes.”

“There are currently no FDA-approved exosome products. Certain clinics
across the country, including some that manufacture or market violative “stem cell”
products, are now also offering exosome products to patients.”

“Health care professionals and consumers should report any adverse events
related to exosome products or any other unapproved product to the FDA’s
MedWatch Adverse Event Reporting program.”

“FDA monitors these reports and takes appropriate action necessary to ensure the
safety of medical products in the marketplace.”

FDA “Public Safety Notification on Exosome Product” (2019/12/06)
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AKFHUEPKDTRE - M&AEIR (1/2)

BURDARFHREGRZHDIC, BEEREGFAREEDKEMIANTRRE S
Do

I DBAEEENEEFAEBEMKASER (1/2)

R T TS 5 T " S,

2016/8 Plizer Bamboo Theraperics iram ® PEVARE PERERAEIIT SEETARE
2017/6 | Sanpower Group Dendreon 902 HigAE mEEXRICLE-MEERESZRR

2017/8 | Gilead Sciences Kite(l;zz;lrma 13,090 %HH%%—E% u ?g’%ﬁggm\tcmﬂﬁ%&EP:L\I:%’E%W 75
2017/8 = CSL Behring Ca'i(”;'?)””e 458 %HH’%%—E% mEMBEEEFE L -EETFARERR

71| Utragenp | DmersionTherspeuics | g g @ MEIERE - AORBENRICLLERTAREN
2017/12 | Gilead Sciences Cel D(e;;g)” Labs 624 AR W AASEEICE T AMERAEERR

2018/ REES (,Ii)f/;“\ii) 620 by S gfg;g% (7 A—REHHE) 137 &Rl
20182 T RT T REE Universal Cells 113 Wi m REEEZIIA-ZaEMaHEZE/ER

2018/3 Celgene J”"”?;Z“‘)Pe“tics 9,900 %Hﬂﬂgigi% W JEICH T BHCAR-THEE

2018/4 Novartis AEI:k’)?S 9570 | EETaE ™ ;gﬁ%ﬁ’l‘étﬁ'ﬁ%ﬁﬁﬁ (SMA) xR & LB FAREL

Hir: &tz IHA b, TLRAYY—REZHIZT—H— T« - FILIER
B, IR FIL=I110A, IEKRY F=140M., |2—0O=I120F CH#HE
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(#EE)

I DBAEEEEEFAEBEMASE R (2/2)

= (1 — = BngEg*

Quethera

2018/8 T RT T RABE (3%) 120
Amicus Celenex
2018/9 Therapeutics (K) o
201972 Roche Spark Therapeutics 4,730
(X)
2019/3 Biogen Nightstar '_I:_herapeutlcs 880
(%)
2019/8 Bayer BlueRock 'I"P,lerapeutlcs 400
(X)
Vertex Semma Therapeutics
201979 Pharmaceutical () 1,050
2019/12 | 7 AT 5 RABEE Audentes (3K) 3,300
2019/12 7 AT 5 AEE | Xyphos Biosciences () 732

HAT: ROz IS b, TLRAYY—REZEIZT—Y— - T1 - MILIERL
*HIE. R RL=110A, 1%KY F=140M. |2—A=120ATHHE
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5-2. R - EXERDZREFHM
RUF¥—F v ERIINDIREEEZEHTE (FO0—/1\)L)

VCOBXEERE - BFAEANDEELEITERFB0ERILITELTS Y., @XS
ﬂz FEﬁ —G 62%i§ ﬁ o

VCIZK 2BAER - B FoR~NOREEREHR (VY A—/1L)
(Bf - BEH KL

0I5F(CIXFEREHNSHEE.
1913 (f51 Z [£ImmunocorelF B AR KEE
’ MD3I2UE FILDEEFHEIZKDI)

1,453

1,250

2013 2014 2015 2016 2017 2018 2019(1Q~3Q)

HiF : Alliance for Regenerative Medicine Annual Regenerative Medicine Data Report 2015-2019& Y) 7—H— - 74 = 1) ~JL{ERL
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B K DVCldex vivolEIZFBEZFILIZKRE,

FENAAARFy—DORRES ) T 1« 58E (ERXK)

(REBNAFRUFr—ORRES U T 1 EEBEKED) (BEEREFE)
A% v T+ — ) KA - | 2013
2014
W 2015
ATfigizs - Ml |0 B 2016

2017
W _ ) Bl 2018
M 2019

BEIGFEEA LMD

%5 (exvivo)

4 3 14

BHMEGFEREH L-ER
FARBEDKRE (invivo)

BEFEABRZVAILAD
#5 (invivo) &% |0
IV ABE
VCIZ K BEEREEASIE FLUALDOAN Y F v —
HiFf : Alliance for Regenerative Medicine Annual Regenerative Medicine Data Report 2015-2019. Regenerative_Medicine_Landscape (Datamonitor Healthcare)|[Z &k Y 7—H—+ F ¢ - 1) b
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5-2. R - EXERDZREFHM
BAEERE - EGFARABRVFY—UX b (FX)  (1/2)

BEERE - BEGEFRBEANVFY—URX M (FRXK)  (1/2)

BEHE e - B ifrrEie
(FH kL) RUFE PER (N5 )
2013 Juno 176 2013 S AALEIIZ 8 1+ 5 CAR-TEE DR H Ex vivoiB{n T
Therapeutics
2013 Intrexon 150 1998 * HMERSEIULSFIZICEETIEREYFE TSy FI7+—L4A Ex vivolg iz FAE
2014 Juno 134 2013 X PAEEIZEITACAR-TEEDER Ex vivoig & F 8%
Therapeutics
2014  Adaptimmune 104 2008 3 NA - BREEXNRICLETHESZEAORR Ex vivoj& % F A&
2015 Editas Medicine 120 2013 * CRISPR / Cas9i& = FHmSE B flT D BFAFE In vivolB {5 FiARE
2015 Humacyte 150 2004 * HREN < Ry o AR—X DO AEv T+—IL FEE
2015  Immunocore 320 2008 ®H NA. BEE, BEREEREDOImMmTAC (THIZARAK) BEE ExvivoiBcFAE
2016 T:;‘r‘:s:;t'i‘cs 25 2016 ¥ DOBRESLUCBEEMERICE A AT SEESERE: BRBiE
2017 Thsemma. 114 2014 ¥ I RBRECSTLMEAROEE RS S
erapeutics
017 Rubius 120 2013 ¥ EETFRE LRk £ O R T AR OB Ex vivoil {5 A
erapeutlcs
Orchard o+ A b = = b g— = s,
2017 ) 110 2015 ;3 MRS ERA W -EEFARDORE Ex vivoiEIn T AE
Therapeutics

LVCIZK BEBERAEGENIERILULEDARN Y F v —
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BAEERE - EGLFARABRVFY—UX b+ (FX)  (2/2)

BEER - ERFABREAVFY—UR M (BRX)  (22)

BREE . =
(&5 FIL) BRIEE FRTEME

2018  Freeline Therapeutics l16.6 2015 E HO%EE. EHEHEMRERTECTARORE In vivoiB {5 F A
2018 Generation Bio 100 2016 K EEEHFERERITEGFAREORR In vivos& & F A&

Allogene \e = s JrE o — =
2018 . 300 2017 X RBIZBITHCAR-TEEDEF Ex vivoiB{nF A&

Therapeutics
2018 TCR Therapeutics 123 2015 XK THREREEREORRE Ex vivoiE & Fia &
2018  Tmunity 100 2015 XK THRESEREZORRE Ex vivoilE (& FiA &
2019  Passage Bio 110 2017 X AAVZRAWEHLHREBREZNRET HERFABRORAK In vivoi {5 FiaE
019 ety 250 2018 X EREALAREDRER Ex vivoii{E T 3478

Therapeutics
2019  Achilles Therapeutics 121 2016 3 THIRAREEEDRFR Ex vivoiE G FAE
2019  Nkarta Therapeutics 14 2015 X NKHREZRW-EGTFARORE Ex vivoiE {5 F A&

LVCIZK BEBERAEGENIERILULEDARN Y F v —
Ht : A ARV Fv—FRgo s THA b, TLAY)—REZRIZT—Y— - T« - V) FILERK
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Y BEER - BCTFABREEELTORLEBAUF Y —RULBEE
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5-2. R - EXERDZREFHM
BAEERE - EGFRABRVFY—UXF (BX) (1/2)

BEERE - BEELEFBERENVFY—UX L (BX) (1/2)

e T R EREE )
JCRZ7—< 1975 AMBERNEEIRENRE L-HBERRORR A E
7uSrz 1999 égggg}g;ﬁ% (HGF) %45 TSR FDNAZ XS T HBEER Ex vivosB {5 T34
IVCLIACTST 99 BEEEENALCEREERE. KB, AELESCOREERNAOMNIE i
TILY—F 2001 Mgy — FBEEREHROICHE - 8% - Rt. BEBE LR — FRDORR AT - fE8Fs1E
LT UTYY 2003 BIZFEAE MEMRZRAL-EGFARORRE Ex vivoig {5 FiaE
Y—tIL 2003 FERFHEZERAL-BEAEREKOBRRE AR AE
) 7ot 2003 Rsrlaz AV -BEAERERORR A E
T7 2004 ERMEEICEIRME D O F UBREZRIDET EIDNARERED / 0\ TR HraiE
HY4721—X 2010 3RTD ISR DIES ATfigss - fAfisiE
ANJFR 2011 iPSHERR A MEHMRIC L 2BEEERORHR HAaE
BARBLEER 2013 BROLERNEGEROBEEERM MO HAaE
iHeartJapan 2013 iPSHfE D ME RO > — ~ Z/ER ALRERS - HARiRE
YonNA L 2013 hRARREREOKREEZRNRE L-BEMBERRDORRR iR
IANAZZZ M 015 CARTHESEE B E L LA A RESE OB Ex vivoli (5T A7
W EDES 005t -ARRERBIEIC S o REERARONE BIABE

Ht : A ARV Fv—FRgo s THA b, TLAY)—REZRIZT—Y— - T« - V) FILERK
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BAEERE - EGFRABRVFY—UXF (HX) (2/2)

BEER - EnFaBEAVFYy—YR b+ (BXF)

e Hr i eE s
YA TR 2015 iPSHIBREBETHRZ ALV - BREREMBREREDR R Ex vivoiE & F A
TIL—2ay 2015 iPSESR A IR R #liE 2 A U - MRS A FE D B MR HE
Heartseed 2015 iPSHIREEESE TiDAREk) ZFIRA L DA EAREDRSRE ATLfigzs - #AisFeHE
h/oxa7 2016 B e Al > — F B iR 4B
PuREC 2016 HEeiEr FMEAERBHIEZAV - EIREEORRE iRk e 2]
A hES 2016 RHFMREEZFAL-OHBE AatEHE
EIVZ WEIITO 00 S EETERENRICRETAREER In vivoili 5 T AT
T4 *";;' 121=" L7 CARTHEA % E AL T 2 THIRIRR L Befi Ex vivoi 5T S

HET : NAF AR F =Rz THA b,
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I 6-1. EEALIZRAIF=/\) 2 —Fxz—> L DERE

ARE(CR T HIaAUE

EXREICEITT, BROGIET > ADILEE. Mgy —XDE(HE, WEEDE
B, Y IS4 F1—DBKE. ERICAT-EMOEEEFENEE,

EEEIZATFEAN) 2 —Fz—2 EOBBICETAIXFR/NA— AT+

(Cell & Gene therapy conference in GIANT
Health at UK)

B The biggest issues of cell and gene therapy is
manufacturing | supply chain

—  Regulatory process for cell and gene therapy
product is far faster than traditional ones, so
manufacturing is much more challenging

(NERRERE)

" BEERESHERE LTV LDIBE
moLld, TEMOKE) THREHON
EEADER] HDE

- B#THET7Y ERILKD=OIZEE
AITORL—= 5%
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T7—REBOERLEELT, ES5T7714F BEEY (B BEIARSI TELN =B
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- ez 251 V2 b e - SKRLRLALGERARYF—ILOTAaER
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P R ERNCTREAS S B & - IFEEITBLTE, MEERED

REHQbT (Quality by test) 7=

B HEOHE - MHLIT 22050 EAR BN BD T, QbD
DFRTHY . BohET—42ZANTY (Quality by Design) TITH3 Z &
TS3AFI—VERBSETVCIENE ABE
BERGD

Arthur D Little 198



BEHOOYY

6-1. EEFEILIZE T\ )1—Fz—> L DERE

HEJIRS BE-MREEEOIAMEE
BAE - filREERESOEERMIE. REERMFEELE-EATH-TH., 3~5F|
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4 BOEAKEL

|
(%) (26%)

,0
(I695/05) - 30 R&DE
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545 7 57 N
o % 38 &R
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= {if o = # = SR i #
FEL, MER
By - DI AMNGIESEE
ERIUSEENDNISEEE L£EE 2RE 2 MiE
4% 1 BOsteocelE SRR 1=vrD BDermagraft operations@2012 BV ericel#t 0201 94F =% 1 B
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HEf: Doy Tawia TP F7Y UJI8FEREIEIE. Vericel IREF (FY2019 10-K) . Special-Purpose Carve-Out Financial Statements of
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Arthur D. Little has been at the forefront of innovation since 1886.We

are an acknowledged thought leader in linking strategy, innovation and
transformation in technology-intensive and converging industries.

We navigate our clients through changing business ecosystems to
uncover new growth opportunities.Ve enable our clients to build
innovation capabilities and transform their organizations.

Our consultants have strong practical industry experience combined
with excellent knowledge of key trends and dynamics. Arthur D. Little is
present in the most important business centers around the world.We
are proud to serve most of the Fortune 1000 companies, in addition to
other leading firms and public sector organizations.

For further information please visit www.adlittle.com.
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