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EPH /B PSP - Dr. Mercedes Serabianzf BH AL FARR4HRE GRS S 18 5k
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Dr. Elwyn Griffiths5 4 2B AV AR BT EHE ~ BT - BRAT{HAHRE
LRI E  INFETTEERE PRET ~ 2 MRS AR Rl -
T B B R 8 © Dr. Elwyn Griffiths B261] - 121993 47 5 B L 82 fig
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B P M EE(Minute Virus of Mouse, MVM);55% » YR Lo I AT BEAFAE R
0] BB I TR S A B P B B HH R > TR (R T4 e e s (5
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s B (Infectivity assay) » A4 28 SR IHE S FAgoll AT RED 5 4% » WG IE
RTTEEAGTTIRE - TR - SRS EREEMVMS
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(3) FrE2 R SEIHTSEH
Ryl BRI R B B A IRTEZ 71 - BRI & #E th 2R RR S
BIHUG S S - Mo SR 2 B > WHORY ALY SRR s B AT A
4HH=Dr. Ivana Knezevicfx A ZhfTaS &t BIZ B P5 & ok 412014555 16
International Conference of Drug Regulatory Authorities (ICDRA) 5% -
(I — R fiE —)
a. YD EHRE mER - Wa AR Bl < Th A E L R A e R i 3%
i B A B
b. 1 Ryl {1184 E2 (AN M ~ 4LIMER ~ FER BRI ) B i 5 A 2 Dk ]
Rl i R R AR G v 2 S
c. ¥ SR | GBS BT AR AR i SRR - AT R
P (characterization) » HEB 1|7 fn 2 2 SEE - B S EIE A MH T 2
e b5 L B T B S A B - G A R RRRELER i T - SE SRR

FOMTELHT R Z A ER Al -

ICDRA recommendations on adv
herapies (1)

s Y Organization

16th International Conference of Drug Regulatory Authorities (ICDRA),
was held in Rio de Janeiro, 24-29 August 2014

Workshop I - Current status and future vision of regulating advanced
therapies

Products containing genetically modified viable cells should be considered
cell therapy medicinal products. They are biological medicinal products.

Products containing viable cells which are used in transfusion medicine (eg
thrombocyte, erythrocyte, granulocyte concentrates) or for
haematopoietic reconstitution are not considered cell therapy medicinal
products.

Bl- ~2014 & % 16 & ICDRA z i+ 3%

(74 & & : Dr. Ivana Knezevic # 3¢ ¢ #§ 3%)
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ICDRA recommendations to Member....

¥ Organization

States on advanced therapies (2)

Member States are encouraged to develop requlatory expertise for cell
therapy medicinal products appropriate for the specific nature of these
products. In this regard it is recommended to:

* share regulatory experiences among national regulatory authorities to allow
appropriate regulatory responses; and

promote information-sharing between academia, industry and national
regulatory authorities on newest technologies including stem cell therapies.

Bl= ~2014 &% 16 & ICDRA 2_= 3%

(F 4 %% : Dr. Ivana Knezevic # 3 € f§ 3F)

2. B EHIHE

AMAaR E MBI TR - HEUEY SRR - WS EEYRER
(Bioprocess) ~ 4{{LZ AR RLY, - B T ATl 2 VA AT RE T A K
PEpi R (adventitious agent) - HERIIAIA St B A NETE B ARVRES] - H
IRNEAG B ZERARENZRBE  ERTEEWHER  Einr Y
57~ EA BRI (Tumorigenicity) SR HIGEEEDSREA — U E BT - &
B N2 4= B . WHORY AR ES & RIS B AR B R e i Z 2% g Bl
HAMRIEE R BB K > BUREI SR e o' Hl B B AR 0 B - AT
s GHIHERETWHO ~ TABS ~ 2% B EE R (X1: 52 EIFDA ~ BOM B 450 B
[F(EMA)) k2 & B AL R B ARt 2 e anE T B PEHYIH E - R b8 51 T
oy B e R SRT T E A - N YIRS AR EPR B B
AR o Z AHRRE S [EAAR AL -

T
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/EI%

FHERAR &

WHO

WHO Expert Committee on Biological Standardization
55 68 TSR S AR AR L B ES © WHO EHRZ B a7 AT 4 G sEIs i a2 Bk i A
1k WikE Sz ICDRA 45z EL WHO #] E FHEE 5228 General principles to address the nature and duration

of follow-up for subjects of clinical trials using cell therapy products ZEN % -

ICH

(1) Q5A(R1)'" Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or
Animal Origin Q5D(R1)

(2) Q5C Stability Testing of Biotechnological/Biological Products

(3) Q5D Derivation and Characterisation of Cell Substrates Used for Production of
Biotechnological/Biological Products

(4) QSE Comparability of Biotechnological/Biological Products Subject to Changes in their

Manufacturing Process

F [

AR

(1) Public Health Service Act Section 351

(2) Public Health Service Act Section 361

(3) FDA 21 CFR 1271 : Human Cells, Tissues, and Cellular and Tissue-Based Products

(4) FDA 21 CFR 312: Investigational New Drug Application(IND)

(5) FDA 21 CFR 210:Current Good Manufacturing Practice(cGMP) in Manufacturing, Processing,
Packing, or Holding of Drugs; General
(6) FDA 21 CFR 211: Current Good Manufacturing Practice For Finished Pharmaceuticals

(7) The Food Drug and Cosmetic Act




FDA 551 -

(1) Regulatory Considerations for Human Cells, Tissues, and Cellular and Tissue-Based Products:
Minimal Manipulation and Homologous Use; Guidance for Industry and Food and Drug
Administration

(2) Guidance for Industry-Guidance for Human Somatic Cell Therapy and Gene Therapy

(3) Potency tests for cellular and gene therapy products

(4) Preclinical Assessment of Investigational Cellular and Gene Therapy Products

(5) Expedited Programs for Regenerative Medicine Therapies for Serious Conditions; Draft Guidance
for Industry

(6) Deviation Reporting for Human Cells, Tissues, and Cellular and Tissue-Based Products Regulated
Solely Under Section 361 of the Public Health Service Act and 21 CFR Part 1271; Guidance for
Industry

(7) Draft Guidance for Industry:Assay Development for Immunogenicity Testing of Therapeutic
Proteins

(8) Considerations for the Design of Early-Phase Clinical Trials of Cellular and Gene Therapy Products;
Guidance for Industry

(9) Guidance for Industry: Guidance for Human Somatic Cell Therapy and Gene Therapy

G

(1) <92> Growth factors and cytokines used in cell therapy manufacturing

(2) <1043> Ancillary materials for cell, gene, and tissue-engineered products

(3) <1044> Cryopreservation of cells

(4) <1046> Cellular and Tissue-Based Products

(5) <1050> Viral safety evaluation of biotechnology products derived from cell lines of human or
animal origin

(6) <1223> Validation of alternative microbiological methods

10




B

B

(1)

2)
3)

(4)

()

(6)

(7)

Directive 2001/83/EC : Medicinal products for human use (ifE F R AR E T~ TadiiE a8 E ik
T SR B A A )

Directive 2003/63/EC : Amending Directive 2001/83/EC

Directive 2004/23/EC : setting standards of quality and safety for the donation, procurement, testing,
processing, preservation, storage and distribution of human tissues and cells\

Regulation 1394/2007 : Advanced therapy medicinal products and amending Directive 2001/83/EC
and Regulation (EC) No 726/2004

Directive 2009/120/EC : amending Directive 2001/83/EC of the European Parliament and of the
Council on the Community code relating to medicinal products for human use as regards advanced
therapy medicinal products

Directive 2005/28/EC : The principles and detailed guidelines for Good Clinical Practice(GCP) as
regards investigational medicines for human use, as well as the requirements for authorisation of the
manufacturing or importation of such products.

Directive 2003/94/EC : The principles and guidelines of GMP in respect of medicines for human use

and investigational medicines for human use.

EMA f55[:

(1)

2)

3)

(4)

()

Guideline on safety and efficacy follow-up and risk management of Advanced Therapy Medicinal
Products

Human cell-based medicinal products

Potency testing of cell-based immunotherapy medicinal products for the treatment of cancer
Risk-based approach according to Annex I, part IV of Directive 2001/83/EC applied to advanced
therapy medicinal products

Relfection paper on stem cell-based medicinal products

11




B -
(1) 2.6.27. Microbiological Examination of Cell-Based Preparations

(2) 2.7.28. Colony-forming cell assay for human haematopoietic progenitor cells

(3) 5.1.6. Alternative methods for control of microbiological quality

(4) 5.14. Gene transfer medicinal products for human use

(5) 5.2.12. Raw materials of biological origin for the production of cell-based and gene therapy

medicinal products

JERERAE

(D) NAesthee HiA

(2) NIAHR G FR E fnpil & G M e i

(3) NI G i A iR B i A AR

(4) NERAHR G R SniE R A 1R 2 R R A

(5) AR EMERRY (FZ) (R A ERNGFREMEREAESR))  BmEaEH
FENRSFBIEAH - 4% EARXEHER G SN GREN - BRGHRE L RS TR E

in 5 HSBAHER S S R an 20720 > WIBKEANE < T S AR fh(Advanced Therapy

—
a
—

Medicinal Product * ATMP | ; SEEK 21 408 F AL ZEfH 2 T A B E fh(Regenerative Medicine

Advanced Therapy ° RMAT) |; HAfE” " FEAREESIT )

a5l
(1) AR aREmZ MEYIiR(FE)
(2) SHAERR AN BB E AT Z PR (EZ)

H ATEYPR S B B e AN G PR e i R TR AR & - ZNERNE S B
JFRIMEARER - 70 H ATAHR Bt an i S S IR B - HHRAAER 2 LIS 5 HE
S MEE MBS (GMP) ~ iz ~ BEPREER(GCP) ~ falg /7 7AMERL
AR IEIEEA AR B R - FDASR RITHAAR B 22 B B i E
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R EART  IESEET 2 R R R BRI & N A oL R R AR
alERELEE i b S A EFDAR A 7715 IR [E] T 2 Bl s m o FH AR S 1 B
FEnn » HA S BN i RS e R L E T e R Sa it - HratE &
HIEFREE LR EH] SV R E AR - H AT R
F AT AR B R > ZR RS IR ESR AR B T B e A B AR A TH
TELEM A0 NGRS s A an bR UBR F BB 1R 36 R s AtE - BRI UER
JREEERZOE AR T AT - MEAE A Res SR e E A - PRI R 5 E
Ze o WA IR NI G RRE A R G SC A - VB SR A
RAFBLEERITEE % AR I A R an B BRG] () - M
A ERREm ~ B Em M A TR A o 2 B ~ B/ B E 55
KGRl ENE - R T il A2 H 25 0 ARSEEAMERRE -
HITE A PROFPRIFET mT ] - S0P R S 2 (YR R B B EE A B AR )
A E 2 BEHANE - 1T H ABPS A SR e R andn S5 B a1 1230 55 A
AT R AN B IR AL SBERER

.

\

B AT/ BUEM A

[ A ERAHHY | HEMACORD (HEMACORD New York Blood Center, Inc 2011

SERRE L BERE | (HPC, Cord Blood))

Cord Blood
fin(Cord Blood) | 1 - rd (HPC, Cord Blood) Duke University School of 2012
i [T AT a4 -
A i AT B A Medicine
(Hematopoietic
ALLOCORD (HPC, Cord Blood) [SSM Cardinal Glennon 2013

progenitor cells,

. L Children's Medical Center
HPC) : S HHA(

FDA Ifi—F% 4k CLEVECORD (HPC, Cord Cleveland Cord Blood Center 2016

ZEdifa R | Blood)

arA A HPC, Cord Blood Clinimmune Labs, University 2012
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of Colorado Cord Blood Bank

LifeSouth Community Blood 2013
Centers, Inc
Bloodworks 2016
MD Anderson Cord 2018
[ fEEAG4HREE | GINTUIT (Allogeneic Cultured  |Organogenesis Incorporated 2012
FEREE i Keratinocytes and Fibroblasts in
Bovine Collagen)
H gl a8 zE | PROVENGE(sipuleucel-T) : Dendreon Corporation 2010
fh Autologous Cellular
Immunotherapy
LAVIV (Azficel-T) - skin cells-  [Fibrocell Technologies, Inc 2011
fibroblasts
MACI(Autologous Cultured \Vericel Corporation 2016
Chondrocytes on a Porcine
Collagen Membrane)
FLR B E IMLYGIC (talimogene Amgen Inc. 2015
laherparepvec) genetically
modified oncolytic viral therapy
LUXTURNA (voretigene Spark Therapeutics, Inc. 2017

neparvovec-rzyl) :

adeno-associated virus

14




vector-based

ciloleucel) : T cell-based

KYMRIAH (tisagenlecleucel) :  [Novartis Pharmaceuticals 2017
T cell-based Corporation
YESCARTA (axicabtagene Kite Pharma, Incorporated 2017

WHO B2 8017 o B il i R 5 S48 3% 08 72 fm 2 18 = €l B (Donor

cells) &z i EFURHRaw materials) 3R ~ AEVIFEF

SEVC T (Route of

Administration, ROA) ~ {57 BB RS S MR - LU S T A AE
R - AN AR S B ATR T 53 [ B (Autologous) BB ]

EES AR (Allogenic) A

() B AR AR AR H YW AR S (B = - 75)

[ FDA 21 CFR Part 1271.90 FrReZ 5 E B R NOT EVALUATED

FOR INFECTIOUS SUBSTANCES & FOR AUTOLOGOUS USE ONLY

{ERE B
a. FEEPBEEREE a. B R
b. HizRE R EMR b. G 7 YiHE R AR E SRR A (&

SRR
& B e 5%

NAEFGIRSARIGHER  (EEHIRRE /a5 5E)
ARG L T 2
c. A A REUER B R A A Z B RS A AR
EARMET A bR > AR

(2) [FPRES AU AR S S o ELA R S AT B =~ 75)

{ERE

B
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a. AMHESLE S — M AR | o ZH B R H 2 48 B (donor  eligibility
B E determination)

b. AIRES [ REHERE S EY T E T
P9 (graft vs. host disease, GVHD) » ZEiifi b
ISR SRR E - B2 EIR
G BE R LY B R P IR 7 A 58 BLAF

Allogeneic Autologous

Yamanaka D
Themson
factors

S
—— Autologous
Existing IPSC:
hESC or hiPSC
lines J
et ———]
e S -
S St S Ry
HLA-matched Patient Differentiated Cells
hiPSC Bank Sackett et al, Transplant Rev, 2016

Bl= ~ p 1 %X R(Autologous)(®l + )/ #8 & 2 * Jr(Allogenic)(R] =)

(F 4 %% : Dr. Hironobu Kimura 7 3¢ § {§ 3%)

2 A on < ARSI B S P SRR A - BEAZERAIAE - A ir bl - tng
SHIHE ~ R AR S > DA SR AR Ry R SR (BIVU ) - SHERACR 2 H B
IR ~ HERG ~ B ~ BEAR ~ BRHGSE » DUE BB R RoR(EVUG) - Hiis s s
HURS ARG BIA R BE —OF T A sz $HERIF APy < BN R > 20iiig ks
BEACIR P RE A TBHE A JERE 29 55 55 LU Y (Epstein-Barr virus, EBV) ~ {7V
$2B19(Parvovirus B19) ~ A& K F(Brucella): © A5HHS AR (T RERBAE

B 55 (Adenovirus) ~ 52 & [ $f &% (Trypanosoma cruzi, T cruzi)ZE([& 71) » 1F
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FEnnJFURVE 2N A —Of il - S50 TSR B S RFioEsT « Bz
(Topical) ~ FHTEA ~ 2 MESTE > DURBEHRES KoR(E X)) - VR
WEEE ~ AlifEEEE - i b - St ~ IDASRIERI SRS - BESh

FEAnPR IR Ry B i BN ZR 2 — (8 ©) - EEan USR] ~ 71
BIFH—OFEE - ARG DI 5215452 T 0(Cedars-Sinai) /158
AR A L Ry B (/) - AN AR R s AT RE (E A B AR Z 0% -
L RsfaFI% (Fetal Bovine Serum, FBS) » ZEfg HIFZ P A REAT 3 Z I -
B PR AN AR KRR A5 e I A etz A~ DURT(AIRE R
EHESAZ IR Rm R - STEERR - S E A
(Mycoplasma) ~ S HIAIAEACR S - BRSNS HEHRIHAE - MIEFDA
IRET B2 e R T Z T H (BL) - H a2 i AP B

TNVAR G ARG BB RIE TR - AR ~ BT - A - R 3L
8~ diENBERFEA AR E - RIGHIN G o Z R HA 2R
ZEHIEE - WA SR (AR IR 2 T 0 BB - YRR
KIRT0%) ~ BNRBEMNT - Wwba i A RS RAME - B ATEie K 55
FDAWYEEH /35 P9 - (FDr. Mercedes Serabians Ak a4l G 7S it
ARV BRI - SUBRTT A e R R LU L [ R B BB SR
TN ~ SR SUE R A E E E AT e RS R T A AR M PR
B ZtglgTiik o AR S SRS « o DA BRI &
b M T S R DR R s ey A e DU Rz i BRtH H 2 HAY - /]
VIREBRIGTEZEE -
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(A) Cell type

ES cell-derived Cardiac

Umbilica
cord (blood,
tissue)

Mesenchymal
stem cells

Keratinocytes/
fibroblasts

Based on analysis of stem cell-based products under IND, 2007-2011, n=115
AM Bailey Science Translational Medicine, 2012;4:147fs28

Bz ~ we s 3 (R =) e kR(Rl+)

(B) Tissue source

other NS

\\\

™~

Placenta

Embryonic

Bone marrow

(3 #L % % : Dr. Mercedes Serabian #734 ¢ i 4R)

§
:
]
i

Tendon and other cartilage structures -

Adipose tissue

3

Comea and limbal tissue Herpes simplex virus 1 (HSV-1)

Upper respiratory fract: mouth buccal and
gingival oral surfaces, teeth etc

|

Lower respiratory tract (trachea, bronchus and 8
lung])

iver (e.g. hepatocytes, Kupffer cells and
reticular endothelial cells)

EBV, HSV

Pancreatic islets

g

Vasculature and placenta
Blood and bone mamow

g

g
§
H
3

g

and

ineses known to cause malignant transformation of human cells

Qanisms. :
cells andlor Infection in compromised reci

Human herpes viruses (notably HHVE)

Parvovirues B19, Brucella spp
Adenovirus, T cruzi
Adeno-associated virus
Adencvinus, chlanmydia

EBV

Chlamydia pscittaci, Pneumocystis spp

Hepatitis viruses A-E, adenovirus, parvovirus B19, Human herpes

vinuses 6 & 7.

Enteroviruses, mumps, Varcella-Zoster virus

Parvovirus B19, measles
Parvovirus B19, human herpes virus 7
Parvovirus B19, Coxdella bumeti, Brucella spp

Varicella-Zoster, enterovinuses (echovirus, coxsackie A and B
viruses), mumps, Brucella spp, measles

Bl % - SR RIRTRETZIELEB R

(Z#+ 4%  Dr. Ivana Knezevic #3t € f3R)
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Route of Administration (ROA)

C ROA

B Intra-arterial

® |ntradermal or subcutaneous
B |[ntramuscular

B |Intramyocardial

m Portal vein

® |ntraspinal

H Intrathecal

B Intravenous

" Topical

®m Retinal/vitrial

® Surgical placement
u Other

Based on analysis of stem cell-based products under IND, 2006-2013, n=163
AM Bailey et al. Nature Biotechnology, 2014, 32(8), 721-723

W~ F R

(F # % R : Dr. Mercedes Serabian # 31 € f 3%)

Figure 1. Examples of the numerous elements that may
make up a cell therapy manufacturing process

2

(7 #L N9 : Dr. Ivana Knezevic # 31 ¢ f§ 3%)




Xeno-free iPSCs

Testing Items in the Production Process

Raw Material Intermediate iPSCs Final iPSC-derived Product
| Materials | Testingitem | Testing Item
Fetal Bovine Bovine virus Normal Karyotype Cell identity of final
Serum Detection product by FACS

Clearance of episomal

(FBS) plasmids by PCR > XX % of 2 markers
hrLaminin Adventitious Identity for pluripotent < 0.1% Oct 4 (by PCR)
Agent Test markers (> 80% OCT4 & Functional assay
PBMCs Serology panel for SSEA4) by FACS (report only)
adventitious Sterility USP Viability> 70%
pathogens
Mycoplasma USP Sterility USP
Cell identity Gram/KOH

(16 human STR loci) Mycoplasma-MycoAlert

Mycoplasma USP
Endotoxin (LAL)

Fs o~ ERSELFE e iig A 52 WY H

(F# %R : Clive Svendsen # 31 € f§ 3F)

Cell Therapy Lot Release Testing

Test Test Method Reference
Sterility Determined by sponsort™ | 21 CFR 610.12
Mycoplasma Specified by regulation™ | 21 CFR 610.30

Purity (pyrogenicity) | Specified by regulation 21 CFR 610.13

Identity Determined by sponsor* | 21 CFR 610.14
Potency Determined by sponsor* | 21 CFR 610.10
Others as needed Determined by sponsor* | Guidance

(ex: viability, stability,

phenotypes)

T Recent regulation change allows flexibility in methodology
*To be developed by product manufacturer
b ** Recommend testing at cell harvest. Refer to 1993 PTC.

FDA

B4 ~ # B FDA 23k w5 & 52 2% (7§ 4

(F AL %k ¢ FDA # =k @ Keith Wonnacott i #-f§ 37)
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AR & T WHORL R B H 535 2 Je it BB il 2 e

BT

(1) /B 2B PR R FE R M

(2) FEfn—E M (Consistency)

(3) HHRE AR /B ' Bl
a. #l

b. 4l
c. IMRMEREIFISH, - AT E

d. 72 FAMAEDNASERY

e. FLPKREE M:(Genetic stability)

f. /g1 (Tumorigenicity)

g R

h. dHE AR R

i WH
s _EHlUE HIE H Y BRI ERY - SFpiEi P
(1) K% 5 (adventitious agents)

RIS R E

FIRTES [ B AL B AR A E B 2 A DNAE sty mRE A il
woogeZ Al o IR DUGm s e e 2 BUS KRR > A

TR AR A e S N — L RifilE 2185 (3% —H

AR JRE - i—

SR B SRR AR - DI iEiR @R E A B F - WHOZ
st AENPIAMRE IR Ry Bt an 2 AR > HLAHEBE (AT Master cell bank i

working cell bank)M R AIE AP #55% - M ARG R M e

P -
a. FRVETE °

AR G i A R R AN A R B P B RS B R E B 2

HH > B S E rTRefE RIS ~ B/ AR
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B2~ DU SRS > SRR TR B E Y 2 VBT
IR > PIAnAHAE4E AT e A Z O EEE 2R Trypsin - JE BFEACR - A
REfFEFEHEINR 53 (porcine circovirus, PCV) + Al & ATANIIME R
By Z M0 0 EE R AR o B RE AR AR A8 4R IR B (Bovine
spongiform encephalopathy, BSE) ; L CHO A Ry fig LAHHEACEL
MZERNEHERE » KERE g e/ NEM NEES - Al
2] Genentech TJEEABUFR (A CHO 4t » i &A= AR =8
BEm RS A 2 261 - B+ 5 ER Bt i i SRR T =2 i B0 5 AL T 1
FDA 7 ZE{| » Z54RRM G2 in < SRR SRR B R [EHEAE

INVESTIRNE E iR fHE A A HIV - HBV ~ HCV FE MR -

IR E R 25 B MHBIAR EE - QIBCMEEH] 5.1.7. Viral safety
b. HAEEEEN F A 5858 (Closed system)3E i

c. BUE NIFREI TN ERER RIE LR -

Table 1 Reported major viral contamination events in biopharmaceutical manufacturing.

Virus Cell Year Company Reported by
EHDV CHO 1988 Bioferon GmbH Bioferon GmbH
MVM CHO 1993 Genentech Genentech
MVM CHO 1994 Genentech Genentech
Reovirus Homo 1 Kidney 1999 Abbott Labs FDA
Reovirus CHO Not Disclosed Not Disclosed BioReliance
Cache Valley CHO 1999 Amgen/CMO Amgen
Cache Valley CHO 2000 Not Disclosed BioReliance
Vesivirus 2117 CHO 2003 Boehringer- Ingelheim Boehringer-Ingelheim
Cache Valley CHO 2003 Not Disclosed BioReliance
Cache Valley CHO 2004 Not Disclosed BioReliance
Hu Adenovirus HEK 292 Not Disclosed Eli Lilly Eli Lilly
MVM CHO 2006 Amgen Amgen
Vesivirus 2117 CHO 2008 Genzyme, Belgium Genzyme
Vesivirus 2117 CHO 2008 Genzyme, USA Genzyme
Vesivirus 2117 CHO 2009 Genzyme, USA Genzyme
MV CHO 2009 Merrimack Merrimack
PCV-1 Vero 2010 GlaxoSmithKline GlaxoSmithKline

B+~ W Aot flAzl X pm 4 5 484 FDA 2 %
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QOERRBEM
A AR a7 ] sE AUB RN B H - 5 B HANIEN: - (RIZ
EMA #55| " Guideline on human cell-based medicinal products | Fe 254
H&OB AL (2 al - HABLG B E P R B B PR R e AR A AR - 40
EMA 55| Note for Guidance on the quality, preclinical and clinical aspects
of gene transfer medicinal products - SE[F£&H1<1047> Gene Therapy
Products ~ BMZZHL 5.14. Gene transfer medicinal products for human use
J¢ 5.2.12. Raw materials of biological origin for the production of
cell-based and gene therapy medicinal products Z > Dr. Elwyn Griffiths 7}
TR SR A A R R B s R R e R 2 BER
s/ o IR 1990 EBHIAHLENT - FE(RHN ENF L DNA
FeyanAa sefyss B - KB s A 2 B E A AR - ARl
FEAFFTRHEAIVEERRAE A » fE 39 A\ 24 - WHO 12 S 2R FE ALY DNA
TE PR Lt (master seed o) EEATT » FRIE S AEIE SLEL AT A H4H
AFEiR 2 B INES © BRERTE S [ AR B AR i 2 TR SE T AR b5 E Fr HEAE
ARt /EE(Cell Bank)FEELHfERE  #¢ Dr. Elwyn Griffiths FY AT G F-FE
SRR B A B e LS I FERA L LB HITH E -
(378 X 4iHE DNA 328

A e R EmBAE T - AREEE AR - ARAT ~ IEF
oy o DA > A% BBy Al RE (] DNA EdHB 2 EHE -
& HAA R SR 2 15 T4 DNA TS5 - R BRI G R
an'E o AN % (continuous cell line)41 CHO AL - i f E4H DNA
FEnnZ 18 FAHE - A AT DI T AR TR H AR R PR > 2R
B 2 e Ry A SR VS R T BE - dXHEA B H DNA SR8 - BAE 1987 4%
WHO study group on cell substrates FE 5 BB (5% TE M5 - R RBUFEER

AL B R EARRTE £ DNA » K5 - DNA S5 AF & -
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DEGEHEM:
AL E TR M Al A B it B A A EE R A A RsE ) - BIRRASI#HS
5 R ATRENEZ & > Dr. Mercedes Serabian Y RS & R4l
EREN AR M IRRE - B ML GRS (B +—) - AR 1L
4 BF5EAT(National Institute of Health Sciences, NIHS) > 4HR: &2
PR Dr. Yoji Sato JRFERIRFTZHFTHE HIAE BIRE b 8 S AU AHIAE (cells
transformed) & 5% 5 7 43 {1 (residual undifferentiated) = % T A5 845 4H i
(Pluripotent Stem Cell, PSC) F]5E & R » S LS 70— B LIS Z B P
B R AR R B I MR M TR BRI R
ZER - WEIIBEREZER 2015 £ 7 AAE 2 TN R UERE LA
B se B A AR IRt R M TR B ¢ TE IR a R E AT i M E
RGBS » TR E RN EN: - MEAZEM: - H4HaRFE
uEL TARRE IR BB > BV AE S H Sy 2 B 8L
BERIE AR AR M2 M - BRI bHVER R ECR b 5E 2
(AHREIE ABGN - AVEIEOVEDR M kR - Rt 4HRE &S HApa R i Fr
SO B A AR B Oy - MERTAG A e e R R B RME © ) » HhlE
AR B AR E B R S T LB B AR E DR 2 ik - R (b
BRI b5E 4 2 AHREERF LR » DLRAE A S EG 4= 82 52 - Dr. Yoji
Sato FoREFE_EEEAMHBAAR EEER 2 AT H 2 M - ARG
W7 A2 BB I(EEIPE AEMRAM R R SE > HABIEER 2015
RN N A B L R PR e MR Al AT 05 0E 2 2 B EHE I 5
(Multisite Evaluation study on Analytical methods for non-clinical Safety
assessment of hUman-derived REgenerative Medical Products, MEASURE)
5TE 0 B
a. HUS4HRR G RRE e e Mt SRS 2 S B T 2 -
b. GRS BUR MR 74 -
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c. B2 (EATRRILE SIF - HE K5 2 BURMEsTAt 74 - 108
B R R — 2

Dr. Yoji Sato 32HA7E MEASURE 525/ 58 S0 AR AR TAS 7772 55 R Wi {18 51

AR

a. (eSS FLHHHAE
Soft Agar Colony Formation(SACF) Assay-f&4haEi(in vitro)([&+
) o FEH A P T E i M S SR AT (malignant - transformed
cells) » B4 7 A A RIAREEL I RE RS B FUR AR R A E RS A fg 61
EAHNATR EERGIE ~ laminin FHESMNEE) KRB B Z
E(E+=) - difsE e 2 B AR AR - SRR
R R ARG AR ATARAE DAY b TE S 4R SR AR A HE 4 2 R
G 4R (anchorage-dependent cells) » FEZEHTEHA B BE 2B A B
o MRS E A B8R/ v 02 B F R 4R (el
MRERAT R 'S - AT 2 E 4R PR R 2 A G [E e 2
BLOEMmZEME  WMERAMEFTIEWEME4EE
(anchorage-independent growth) 4 » “RAAGHTRT A 573542 » &
MR g g PR IR B AR  4IEE - AIRTRE B A SR - 2R
e 4HAEAFAE - Hela SHAETEILIE RISMESIR - IR HIRE =5
FEARRE > dffEik - EARERIZ A BAE - DL Hela 4RHAR(spike)
TER AR T - G DUE S4HHE DNA #7200 E 45 77 AR a5 -
GERBUNHIEERIE Fy 0.02% © R @il A2 SEHE - HFoeE
PRI IE A TN B AR AR DL 96 FLR IS s » DIR
SEFERE WK Hela 4HA0EE 50 DU EARED » BRRIEARAS - -
DL ABRAG 3T 2 3K SR T BB 2 0.00001%%([&] 1Y) -
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Stem Cells

Immature Cells

° = -
e = g
O @& @

Mature Cells

BlL - s & e 2 ROBE R Rt b

(78 % & : Dr. Mercedes Serabian # 31 ¢ i 4%)

Soft Agar Colony Formation (SACF) Assay

Example 1

A well-known jn vitro assay for the detection of malignant transformed cells.

Assays/
Platform

Conventional soft agar
colony formation

Positive Hela cells
control
310 4 wesks

Assay Conventional SACF assay
principle based on anchorage-
independent cell growth

E Low sensitivity

Sensitivity [(NPL]
(1 Hela/5E+3 hMSCs)

Digital soft agar
colony formation

Hela cells

3 to 4 weeks

Image-based screening

system for the SACF assay

using a high-content cell
analyzer

High sensitivity
High cost (needs image
scanner)

0.00001%
(1 Hela/1E+7 hMSCs)

Soft Agar Colony Formation

Growth Top agar
medium |- (incl. cell preparation)
Nonmal cells -~ @ |  Formed coclany
{e.g. hMSCs) (transformed cells)
Bottom agar

Referred from Kusakawa et al., Sci Rep. 2015

v The higher sensitivity
would be needed for
quality control of CTPs.

v The Digital SACF assay
is highly sensitive, but
has not been widely

Kusakawa et al., Regen
Ther. 2015

Reference

Kusakawa et al., Sci Rep.
2015

used yet.

© Forum for Innovative Regenerative Medicine

Bl = ~ Soft Agar Colony Formation (SACF) Assay

(74 %% : Dr. Yoji Sato £ 3 € i 4R)
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Soft Agar Colony Formation Assay

DMEM/10%FBS

DMEM/10%FBS

Cell Agar Laver

Base Agar Layer

)

L = -~ %% SACF = ;‘éiﬁ.ﬂ%

(FR kiR ¢ %3 £ 34 -Dr. Yoji Sato i# #-f§ 37)

The Digital soft-agar colony formation

Example 1
Concept & Procedures P
Concept BT T Partitioning a cell sample into
into multiple wells multiple wells of culture plates
“ ! enables digital readout of the
- berales] S ARED C“"“’EI presence of colony in each
Cell sample * Transformed cell g | gooo | gose | gose well and elevates the
© Acquiring digital data sensitivity for their detection.

(0or1)
- of the presence of colony -,
in each well ]

TN

Low S/N ratio

4

High S/N ratio

i

ZAN

Procedures  soft-agar culture & sample preparation High-throughput screening

of colony formation
using an imaging cytometer

Staini
Soft-agar :mg Dissolution of
culture

Fixation FeEEE
T Autofocus : ) T
: . range 4 : {aeh
N B (so0um) [T '

Sedimentation of colony
(by free-fall or centrifugation)

Post-sedimentation images
(fluorescent images)
Bright-field MitoTracker Hoechst
- .

Autofocus
range 4
(400pm)

b 4

Bl- o ~ 2o 5 SACF & % 2 % 3

o Yer ]
7

(4 k& : Dr. Yoji Sato #7 3¢ € LR




b. (ECHFEEE b S TIEEE LI
BRI T(Dr. Hentze % ) B IENER 2 (b2 S DIAE S AMAR 2 LASE
SR N AR TV TISEIS A b % DA B ]
B B B L AL A B R B LRSS AR TR
AR AR 5 R R (B S TR TR T SR » LU
¢ 5259 AR « Dr. Yoji Sato b 7E IR 8 M AT AL 442
SACF {I58EA 43 (b2 AJEEA 2 % TR 5 4H (human  induced
pluripotent stem cells, hiPSCs) » ZABFBRAS T T8 — A A 1)
BB TN A ETEAS B R P - TTRE (SR A% D S AT
S LA & &4 T LRI 4ORE T H181% (the ROCK
inhibitor Y-27632) IR A I 52 » B SACF il &7\ FE 4T
ORI R ML )RR DI R AR - I - HiSeERR
#ETT. Highly efficient culture assay-84 158 (in vitro)(Fl--F) » (4R
YA BT N S S R R B R B S ST
BTN B B 2 DL RS T AR AR MR B
SRR — AT o+ (B ST A ) B A 5 )
BEB AT F TR TRA-1-60 » lERBRAS BT84t 4T L
R SRR - B b ST AT -
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Highly efficient culture assay Example 2

detects residual undifferentiated pluripotent stem cells (PSCs) in cell therapy
products using highly efficient culture system which favors the growth of PSCs

Highly efficient This assay ...

culture assay v is able to directly detect a trace amount of
iPS cells etc undifferentiated PSCs by measuring the

number of colonies orlglnated from a single
about a week PSC. :

TRA-1-60 efc

Direct detection,
High sensitivity

Time-consuming,
Low throughput

Referred from Tano et al., PLoS ONE. 2014

0.01-0.001% o 5 :
’ v" is highly sensitive, and has a potential to
Tano et al., PLoS

S become more sensitive by improving
Garitaonandia et al,, culture system /colony detection method.

Scientific Reports.
2016

©) Forum for Inmovative Regenerative Medicine

]+ T -~ Highly efficient culture assay

(34 %k © Dr. Yoji Sato #7 31 ¢ ff 3%)

AXES & Dr. Mercedes Serabian 55 BY BUSE R B 5 p i)l B =
(Charles River) Dr. Shawna M. Jackman %5 857 IR s i S0 M A B8 PR AT ST
i B 2 %A -
a. AHRE R S ARER ST R - SR E AR A R R R R
VEAE B R 1 AH R SRR -
b B E Gt ¢ (BN D)
> HEEZIVHE  OYEERESBEEEASR EEE I
FEATHERT S BRS 3R s FETHI({RE WHO 7 i e g R B R 5
107 {E4HAE - R 10 )
> EEZHIRERIA - AT ERERAH(EE WHO 24N Hela
ARG ~ SATHIRAHE
> RSPEZEIEE - RIB AR (stemness - B3 bRl ASAHAEAY
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REJaRE T ER e SIS EICEE 2 3-6 (EA) > BRHVIES
AREREIRS > WEEZED— X2 T A e E e Rk
MR WHO Z ZEEisL 16 f4)

> BRI - fEAIR e R a2 H By BB AR
SRS &M EE A NFF

> REBEERERRINUE BRIk AR

TUMORIGENICITY STUDY FOR MANUFACTURING SUBSTRATES

Assesses the potential for tumeor farmation in immunocompromised mice

+ Clinical observations and

body weights
Single
Cell Line e + Palpated twice weekly
usedin administration 3- 5 months for the presence of
manufacturing tumors
p:;n: ::L?afn 12107 cells Nude Mouss * Sometimes complete

necropsy

+ Tissues retained for
histopathology and/or
+ Include a positive control PCR

* GLP compliant

—
charkes rvar

Bl = s RBEMHHIEHZ K

N

(F 4L %% : Dr. Shawna M. Jackman # 3¢ ¢ f§ 3 )
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» WHO “Requirements for the use of animal cells as in vitro substrates
for the production of biologicals” in WHO Expert Committee on

Biological Standarization, 47t Report (1998) technical report series
number 878, TRS 878

W/ Proposed replacement of TRS 878, Annex 1”(2010)

g A

1. Administrate 107 cells to 10 nude mice,

2. Observe for 16 weeks, and

3. Compare with a suitable positive control
reference (e.g., HeLa cells)

\ /

Bl = ~ WHO -4 5B 128 4 38 B 2 12 3k

(FAL kiR ¢ 82 %3 -Dr. Yoji Sato 7 3 3F)
Dr. Yoji Sato $2 tHa5%a et /74 2 R
a. AR IMbZ ZThReEr AR TN EFE 2 D RE s 4R AR A 28 an B TR E
b. BV B B E A 18 & 2 DiRe A a4
c. BETE M 5 2 i (marker)BE & 2% DI REERAIA - W AET 70 A (X1 image
analyzer)
d. S SMINAR L2 ThAE R4 AN <~ FE 2 (R B e A B
e. {E Ry Po VeI At e B0 2 s ik
> JRREE T SO R AR CE TR R E )
>SS R fE
> SN BER(BA RN —E0E - AR E LS
)

R

AN » ARSI &R A4 R\ T Cellectis 2 BE52Dr. Shirley Bartido

TREE R R IR BB A 2P [ CAR-T) 2 B BRI ] > Bps e
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FEom Ay THIRE Z R G R i - SOBRNRIREHIERE - HinEEHIEE

PRIAAT T AR R SRR G i Z TRIHE S A 88 ~ S AR M IR ~ B ~ &

J& ~ R  EFHEE - VRSN R E R o DI LU - R

ZHfiTREEA MY -

(1) B85 5 fir(chromosome translocation) : (A3 EERIL A8/ EREEHTHES
HEZ RO EEHRS -

(2) HR¥EARYE(On-target/off-tumor) 57 1R Aliff 7R3 HH B R e ATl
MHEIZHUR - DIECAR-THEE g - M IR AIHE - SR A
HEiElS -

(3) TR E(Immunogenicity) * FMNIIZEA A Be 2 TARE S > AIREE TR
HZEHE  NEBRELRGRHIER TR - ElEd R E -
SUE HITH H ZE 1 58REL N 4R R Ko 33 8BS (Vector) 2 Ze e MR (R RE R 2UE/H
Pz JEbe ~ AR - SRR E TN Rz A i B T R
LU D e bR sE N E - A0 TR A BN > LASREICAR-T.Z
o g A TR(E B RCAR ZRF M (ECAR-TE S EAMAE 2 It
JFETTHER > AR IR FE AN - I R A SR hn LU SR S5 e R AE
71> MGG R ehm AR > DU D ARG F S e b AR LTI T4 AR

JETE > TR THIAE S -

LH

(=) R PR 4 e A 4 i

A 2 E M - RUEE B AR RE A YRR AN E - R AR e
e HohaBa 7 AT — M LB B B DB SE R E AR R
S 7B ERaS R A BN R H i 2 B AR A TR S B
1E > SRAMREE R 2 i 2 i B A B P T R 0 PR B i i > S IR AT o o B
NIBSC &% Dr. Orla O’Shea FRAE L HT B MBS @ AR I 5% ~ 70558

io ~ HEE A B IRIE RN fntele - A AR o R SR 2 A0 B
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NIRRT G B M - NIBSC & H BLE B fE 2Tk WHO 7 BIISIEAE il 275
YIE - BE YRR~ BeS N2 EEE Bo i F U  RERE EIE 95% AR
% NIBSC it - Hrh 3 ar4fifEE(UK Stem cell Bank)H[I{E B4R G M0 SF
ST B S ME B R o AR L o SRR AR (o B S B B B A R AR S
Ry LA AR B R B TR 2 BEEE o NIBSC (N Eia A B B 0T » &
FHRRIAH ~ A - BNl R ARH G 2 ATte L B B AR 7 VA 2 g B
AL Hh AR AR El sy T B A B i S E AR EE (R /) o 0 A SERR AR
ffg(Human Embryos Stem Cell, HESC) ~ S5 % ThAE &2 405 (Induced pluripotent
stem cell, iPSC) » 37 LA = 4HHE 4 e % (Fluorescence Activated Cell Sorter, FACS)
LB ERHIAE(Mesenchymal Stem Cell, MSC). Z FE#E5E > H i< B (AR AT
# 139 (EEp4hfEis - B G EEEFUE BT aamRt - SOt ERRRITT ABMH R
i ST AE o AR S MR AR BB PR - AR R 4B SR A R
SRETTAIRCHIAZS - BRAE SN T RS M HE - A4RRERS B Aso] ~ REAALA
BRI $0E ~ WifE - #5501~ ZEN - B - SR EE R (Advanced QC)5E » DU
I AnE T R Z 4IHEEE(E-7L) » Dr. Orla O’Shea 8215t B i /7 2040 LU A 4G
Sy SRR E AR AAE - R E RN R B AR ERE UL CD105 ~ CD73
F. CD90 - {Hfk = & fniratAE ~ bR - 41 CD45 ~ CD34 ~ CD11b ~ CD19 &
HLA-DR([& =) - 41 - AR R A E i i AR B B WG A S fE AR ) RE
Fr ~ (eGSR R EAAR - AR ) E- A AR R Y R A P e L
GBI A AT i3 T SE S AR TR R B PR R — AR - H A RS HEALIOS
1JE£5% Dr. Hironobu Kimura 73 5% /\ BI1E 2 17 fE 4 A EE (master cell bank)RF7REH
TEHRR(E 1) - WERTEE AR AR EREDUR - 32 A EHE
SSEA -~ Tra-1-60 - Tra-1-81 ~ Oct3/4 SH5EFEIHEZE /D 70% » [l CD34 R {5818
15%% » IRl E H A2 IERIE H 2 el - Hae B s B L 4R a it i

Ry > 25— -
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Division of Advanced Therapies, National Institute
of Biological Standards (NIBSC)

« Cell Substrates for Viral Vaccines
« Viral Producers

Gene « Standards for Vector Production
Therapy
* WHO standards for genomic .
Diagnosis
* Factor VIII Intron 22 inversion
« BCR-ABL
RS Genetic Advanced Cancer

Diagnosi Th era pl es herapies

» Standardisation tools for companion

diagnostics
< * Potency testing for T-cell therapies
Cell » Preclinical assays to improve safety and
Therapies candidate selection

+ UK Stem Cell Bank
« hES and iPSC
+ FACS MSC Standard

Bl ~ ~ NIBSC #72 Lig F 20 4 5

(F#L %% : Dr. Orla O’Shea #34 € i 4F)

Stem Cell Testing and Characterisation

Morphology /

Mycoplasma Consistency

Short Tandem Karyotyping
Repeats (STR) (Cytogenetics)

Cancer Screen

Bacteria, Fungi Gene Expression Panel

. o Epigenetics™
Histocompatibility :
(HLA) S Differentiation

Viruses folEr i Ra e (e.g. embryoid
bodies)

Mandatory and information QC tests for the release of a cell line to ensure
consistency between each cell bank and with the Depositor’s material.

The UKSCB continuously evaluates and improves its QC testing procedures.

Bl 4 ~ NIBSC % 5 5 % 417

34
(4L % : Dr. Orla O’Shea # 3¢ § i 4F)




PSC-derived MSC
standard

Expression of MSC markers

CD90 CcD73 CD105
I | T
L o
L ] |
| i F. 1
& f oA ew i
Isotype control Lack of expression of haematopoietic antigens
Sample CD45 CD34 CD11b HLA-DR cD19
- il o il A
AR L / 1/
Vi A ; /\
- i e = [ - I : (l
i Il H i H H M i d |
il ) i i M
HE i IR A iy
_/,v \\ 5 e \ ) (2

Blo &~ r2n s e A E R ERT IR e

(F# %R : Dr. Orla O’Shea # 31 € fi§ 3%)

Master Cell Bank Release criteria LONZAO (U Healios

sy 1 pupose | ReleaseCrtera
1. Flow cytometry panel of pluripotency kers Identity SSEA-4>70%, Tra-1-60270%, Tra-1-81270%, Oct3/4270%, CD34 < 15%

2. Karyology Pass: Human
Species of Origin - Karyotype Pass: Normal

3. Mycoplasma USP<63> Safety Negative
4, Sterility USP<71> Safety Negative

Safety

No trace of exogenous DNA integration detected (confirm during

Vector Clearance Safety ;
expansion)
| Te: Safety Not Detected
8. Cert te of Analysis Detection of 1 ses by RT-PCR Assays (Human Panel 1) Safety Not Detected

9. Short Tandem Repeat (STR) Genotyping Purity and Identity STR Profile of starting population and iPSC line are identical
10. Viable cell concentration by Nucleocounter Cell count = 1.0x10° cells/mL
11. Post thaw viability by Nucleocounter Viability % viability = 50%

For Information Only

12. Alkaline Phosphatase Analysis Identity T e G e o T

13. Germ Layer Formation by RT-PCR
Ectoderm Markers (Pax6, SHH)
Mesoderm Markers (Hand1, Col2A1) Identity
Endoderm Markers (AFP, CDX2)
Pluripotency Markers (Pou5f1, Nanog)

For Information Only
Report Results

14. Germ Layer Formation by IF Ectoderm (BllI-tubulin), Mesoderm (Smooth Muscle
Actin), Endoderm (a-fetoprotein)

For Information Only

Identit
Y Report Results

Copyright © HEALIOS K_K. All rights reserved.

Bl= - - ~ p &% HEALIOS 2+ * & 'n%s & (master cell bank)2. ¥ ]38 B

35 . ) -
(4% %R : Dr. Hironobu Kimura # 3 € f§ 4%)




CHHTERE L FER

H AT B A b AR E R B R 2 > HP 2R 16 1 WO L&Y 10
> B2 LA ELUGHE 2 BRI AR RIE » 228 BYE S HaOR
{09 ~ BEAESS > WS ER 3 T S e FH AR B e i P AE R A o (RE 1A R
LR o RIS B T 25 B2 oy R4 R S P R PR S A 22 N EAH R
BH9E - AEEARERANE ~ ALZE4EEA BRI R DECUE MR AE Lou Gehrig's
disease) ~ SEHEESR(LEE - DATAHAR G REME IS AR IR a i | B2 BIER B © ZRE
SFAISHRAERH Dr. Agnete Kirkeby Zrmifl i FC S IR - i S B 4 4 B
JFPRARALIE T - HEUREEERY % D (Dopamine, DA) A e - AR HEBILIAE
fBsE - ABHFURLAASUREZ 6-8 [EIRAR - HUEAE M Hii(ventral midbrain)4fHHf
BRCAR AR ik A B A MEAER S RS - EFEZSE TR B
F(E =1 2) - B AJERRAGET AR (Human Embryonic stem cell, hESC)/& % LijgE
ERAAE—1E - IR R EPIHC RS - ARG 2 B B T 52 Tk
Rl B AEFHEFBUNE R o8 N EIERGRR4RAE 2 fFST - Dr. Agnete Kirkeby J74
2012 FFEEIRASEFI R KRR R s 4 A o7 858 53 (6 R B 530 25 R e T RE 2 P i o
88 FHADIK B S 2 1858 B - DIFIIKIE DA wdHE » (52188,
Y2 EENTIRETERE » WIS RS S A T - v E TR A K L5
2B RS IR > AR BB ) - BEELRIEE &
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Cell therapy for Parkinson’s Disease
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Midbrain-patterned hESCs improve motor function in a rat model of PD
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Final GMP production and in vitro QC
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