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*  RPIRER

fw’*‘ewkﬁl[ﬂj @@ﬁ[}é[}mi *Hliﬁ %ﬁ CBER EJEHP
(Manufacturlng of Gene Therapies: Ensurmg Product Safety
and Quality: CBER Perspectives )

|7H%4<CBER/FDA 2006 £ 2T /ELP@ PRER SRR Y Rl — AT
AL Tl AERY (2006 Guidance for Industry “Gene Therapy Clinical Trials —

Observing  Subjects  for
Delayed Adverse Events ) [/

= ;=5.‘ y FE—EEIELW:Z I%E{[’ﬁ
(gene therapy products ) [
SRR T
(genetic material ) [IREIEA
(transcription ) Hy 5
( translation ) ~ ﬁ‘/}{ﬁ' F PR,

Bl oD R
( genetic engineered

microorganisms )Jr@’ﬁ =2

'qua;g D]

e wewme>veﬁ

qgﬂ
BT A [E ﬁl B~ ?E'[ |[=&fiAF @ (used to modify cells in vivo )
ﬁ&}{—ﬁl[ﬂﬂ %EF}E;;?ITEJ LR [‘Ff’ﬂ WA FR= g ?ﬁ‘ﬁﬂf | (transferred to cells ex

vivo prior to admlnlstratlon to the recipient ) °
I sk i i e R L

Ant1-CD34+ Retroviral Growth factors:
MoAB V%c}:?r Flt-3, TPO, SCF

oo
\

Plasmid/Lipid  Viral Vector
Vector

5]

Allogeneic  cp34+ CD34+ transduction :
PBMC Selection expressing HSV-tk

Fibronectin coated flasks

F R JHESE HS V-t BLEMLD DA e R AU, 3:5”[ SBREH
EJ T HIAgAf @ (allogeneic peripheral blood mononuclear cells, PBMC ) » }%%"l
ﬁu CD34+f JEW'EF}‘;E?E‘N i R e g > i Jx | HSV-tk FLEN I~ gl
bR DRI G il © S i R
A HZE IJPJ” F L HSV-tk FLN DV 7k ?{E[ﬁu) i (20 Bl = s P o
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ﬁl.ﬁdi‘}yi‘(?ﬁ: FEIEI,‘J/ = I[!,’E’.'F ( Gene Therapy Product Safety and Quality )

[*5<E 'F] CBER/FDA fi ﬁgﬁ Fﬁb‘"ﬁlﬁd? %@Fﬁ#g@#l@@a' EFLS N
A= Pl = e e

B PR Fﬁ[h%!ip;'/ 7% 75 (Components used in product manufacture )
B EE Fﬁ#ﬂ)ﬁ EP%E?’F? r%ﬁ””[f; ( Final product testing and characterization )

U F\[ CGMP Hl#&aflof 1 A ﬁ”ﬂ%’:f ( Control of Manufacturing
process )

B EL Pdifiﬂﬁtﬁalﬁ[hfﬂiﬁﬁ‘}ﬁ ( Components used in product manufacture)

o

ey
MR it R S I TN R AN
[} E&‘Ff’%} ( vector )
B Ve (cells)
FA'[EJ‘PE} s FIRER TR Ry 55
n Aﬂfiﬁa?[ﬁ&a ( cell bank system )

E[J

b SRR T (ST (master cell bank/working cell bank ) ~ 73
F:L = 'F'flff':H ‘DJTE%“ ?‘" ( master viral bank/working viral bank )

L R FEFI/E%@WJ (ancillary products/reagents )

ty ﬁ 4 R[S (growth factors) ~ AVw ik (cytokines ) == HIFR ffi
( monoclonal antibody, mAb) =~

ES??E} ( Vector)

RISV © BTN S AOREIEOR IR o b
W ELEE s RIRELIERLN S PSR LD R -
I (vector diagram) -
B

& F VP TR 40,000 JEL (< 40 KB) > s R -
Il

& HFEVEELPRE AT 40,000 fiFEL (> 40 KB) -+ fIjE J/%E:’gﬁfﬁuﬁ‘* B
%] (sequence inserts ) ~ flanking Bh 5= (S 6ff 5 35 o

& DB RSP s
e (Cells)
EIRIREEL) RS  AORTRRR R o W
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B e @ﬁlﬁdf %‘%‘ﬁ Y@ ELET (cells substrates for production of
gene therapies )

H /"*Elqu}jF ’ﬁ“ﬁk/f [‘F‘E‘ IHISEfEL P Ry E IFEIFK/{EI Elch(autologous and
allogeneic cells used for cell ﬁqeraples or ex vivo modified gene
therapies ) » EIJF, :

& AR A EIEIAY R (source: tissue and cell type ) -

& [ITEROTEEME S Gf B[ AETIE B R AL (collection procedure:
mobilization, surgery, leukapheresis, devices used )

€ 21 CFR 1271 HlagiflE |H“li}'\“9ff 7 A+ I/TF JFe# It (donor
eligibility: infectious disease screening & testing, 21 C£R 1271) »

FUEMwReA RO E B (Master Cell Bank & Master Viral Bank)
Fﬁ%ﬁ@;yﬁw?,ﬁ’?ﬁ@)ﬁ = Sﬁm ’ T%‘—*’fﬁ%% Lt = ESER (safety

testing ) R[] K 3 ; c,J

'R

SRR (Sterility ) o

b FEE' &% (Mycoplasma ) °

It ?’ﬁ ZUE#% (Adventitious virus ) » & & & :

2 ?EE}%[ F}?%'PJ% _F’FJ% ZLE& (in vitro and in vivo adventitious virus

assays ) °
& PRI CF RIS R ) -

€ " KGPVYRE (human cell lines) » = "PEA#ER EBV ~ HBV ~ HCV -
CMV ~ HIV 1&2 ~ HTLV 1&2 = B19 = J% o

€ ELSHEPY9FE (murine cell lines ) EIJFA'[ MAP?’Q?,E@%@&?J%%* o
%E'ﬁnl’ﬁlﬁ & ( Master Cell Bank Characterization)
FERGEAS R CREE N YIFHER B S5 ﬂtE‘fﬁi’: °
ZHll (Identity ) »
¢ [flZhESk (isoenzyme) °
FC17 (Purity ) ©
€ T HYE 5@ (contaminating cells ) ©
FE 1t (Tumorigenicity ) e
£ (Other) »
& @pl % (Viability ) o



5. |HE"§W§|E'—““ 'ETF%;‘J’T‘B_‘I (Working Cell Bank & Working Viral Bank)

L 'ﬁ'f'qw?f“ﬁ* (R T R T 2 1 Bl
BHEPRL B B

B =% (Safety) Sﬁ
& RERR (sterility ) o
¢ @?}ﬁrﬁsl & (mycoplasma)
& IR R (invitro adventitious virus )
¢ HHIf<TH3 (Replication competent virus )

[ | qﬂjf%ﬂ‘ﬁf} ( Characterization ) ﬁ[ﬁﬁ
€ 5| (identity) -
& It (stability ) o
& EH SRR

6. JE"%;F_[V”:}&FP'J ( Reagents Used in Manufacturing)

s ﬁiw ﬁ%;z VR T Fﬁ%&*&*%&w@*ﬂ[%gﬂj, R TERL
HR | Hfgmlv s P YJEEW'JFF Tl _Ag\\rﬂd :

RS R U AR e O

FAXEV% (final concentration ) ©

&% (vendor ) -

P C l’ﬁkﬁ‘ FI MY B (source from human, bovine, ... etc) °
B (R RS 30 kil R SR - 4ERRE )

(licensed product, clinical grade, reagent grade ) °

*
*
*
*

B GRS FJ:FI‘ ( Certificate of Analysis, COA ) °
] ¥ B :’hflm ( Cross Reference Letter ) ©
[ | Fﬁ[’[' URCh rﬂj,ﬁ%{ ( Qualification Program ) °

® iy rA—L (=Y e Iﬂ{ @'T* |ﬁ, trf| (safety testing and quality
assessment ) ©

o HirE Fﬁ#ﬂﬁ% ( Final product testing) ;Vﬁ';ffﬁl
1. ﬁ’ﬁ#'fﬂlﬁ ( Product Manufacturing )
B AR R LGS T -
BT R
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I8 B HCE % (method of collection/processing ) ©

iﬁ%ﬁ@’ﬁﬁ% A (culture/transduction procedures ) °

* & o

i/[lqﬁﬁﬁ HFTEE F9{ZET (other modification, ex irradiation )
€ =35 (final harvest ) ©

A lﬁ#ﬁ:’ 7% (Formulation of final product ) -

& Y EAR (formulation buffer ) o

& [ (excipients) e

¢ E%\Fffrjg?ﬁl?ﬁ a7 (vendor/cell concentration ) ©

& % (storage)

BHitik ]f[!ﬂﬁ% ( Final Product Testing)

ﬁl[ﬂf @T@fz (o EHRGSE [ﬁ%rﬂ“}ﬂ% (E3 AT[ [Efl:
-m@#‘*ﬁﬁﬁfﬁﬁ'ﬁﬁﬁﬁ 3 guﬁ FPF %EH‘ . FIR ]

F BB o i i 3 IR T e

[ J§ 745 (endotoxin ) °

£ 7 ?E' /f’ff #HE¢ (in vitro virus ) E‘F’JFETJ%!FJ‘:'J J ’ﬁ% 53] (Replication
Competent Virus ) <571 9 it 2 gtk -

AL PR A B RRR AT TR R ¢
Hi -
®  CTIGMRHAL IR Ry F) DNA - S5 1B - SR SRR
@T-IE[ J)zTi;\"‘
&l -

* & ?F' 5L [J Py ﬁ%ﬂ‘ﬂ ( restriction map ) ~ 7d £ 4 & ( structural
characterlzatlon) ISR [ﬂﬁyiﬁgg¢ TRR P

I : I (Potency ) °
AR e TR SR S 135 1% (indicate biological activity

spemﬁc/relevant to the product ) °
2 %ﬁ:‘qﬁ TR (quantification readout ) ©
® I ST RSB R - S BRI



R SLPSPARIRI 20 Ctiters) o R SER RO - 11

USES IR TEN
IS
& R SR R i -
CGMP HgF (Current Good Manufacturing Practice)) 7/ fiTf

FTJELM P LD R/ CGMP SIS ot RIVE H S CGMP
o T %Ff TR FRE (O™ D -

Phase I
Pre-clinical m——
. . *
c¢GLP’s ¢GMP’s and Product Characterization
QA/QC, Clinical Monitoring Program
" BRI R i £ 3
51h g A S
u EL[*W iw’%@ 'ﬁﬁ‘*ﬂﬁ‘ﬁiﬁ i@ﬁ#ﬁv.#jﬁ&‘tﬂﬁ" (A (A
R Lk

u rfﬁ: AR - ﬂjﬁ'ﬁﬁgvﬁﬁ’@ﬁ WAL R B l%,n\?“ o
n ﬁli,i AR R RAMEC21 CFR 610 AP T BRIV
R [ BB - PR BLA BRI o R
IR -
F'] CBER = 5= Splaad [ [=EE 4L Edifiii"r[fg FF[E CMC ﬁﬁﬁfﬁ’ﬁ'ﬁr{
= ¢ ;I/EL*L% 0
B Guidance for Review Staff and Sponsors: Content and Review of Chemistry,

Manufacturing, and Control (CMC) Information for Human Gene Therapy
Investigational New Drug Applications (INDs)

B Guidance for Industry: Supplemental Guidance on Testing for Replication
Competent Retrovirus in Retroviral Vector Based Gene Therapy Products
and During Follow-up of Patients in Clinical Trials Using Retroviral Vectors
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A~ BLPNIE R R RSO TR S A - CBER B (Preclinical

ConS|derat|ons for Gene Therapy Products: CBER Perspective )

WA AP R AR B SRR PR e
- FJZ-T” e

SRR Siatia G 3R b e T ST IR R

] ,L-{’j’ fpi™ J%SV'?E} (vector type ) ~ ’?%“Elﬁii' (ﬂpromoter) F{‘/Eﬁﬁﬁl < (transgene )
SRR SR g

B HEGEEL CH A | L YRR S R L N A
W R ARG Y e g PR [ TR
= RPN LRI (exvivo) AR T APMRET E
W R R REA e -
W SEEL R R R -
W R e DRrRIA Y -
BRI L PO G O H D S PR

TEe o

gt S R R S R

““WEW?%@ﬁ Eﬁﬁﬁﬁiéﬁ%ﬁﬁ(mé)
?f?ui ﬁ[r‘% 4 &Jﬁ I %’; V EPufEL L (the potentially relevant animal model

of dlsease/lnjury)

SRR ] LV 0 B 40 L B BT (the
optimal method/route to delivery ) °

}{jﬁiﬂi H@‘fﬁ:lﬁ! ’ EU? ﬁ‘/gl'%—*%f N ]%EJT%HIH (the optimal

timing ) °
RN
*Jﬂfh@p’ﬁ* RUHBAN - 3F 2 RN i B0l P71 risk/benefit

ratio ) £ ,[f

PRI FJ[*F?“"F ri%ifﬁﬁ%ﬂ:%ﬁlﬁ » B2 20ER (pharmacology studies ) IFF[
%T R ﬁ'%% J%’ff i 5, i VB P (relevant animal models of

disease/injury ) » i) 2 ZE 2 Z0& (toxicology studies ) Sﬁﬁﬂ E‘Hgﬁ%rﬁ! 't ff’”f‘f'rjﬂlfk
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VB EIY (biologically relevant healthy animals ) » =475 ﬁﬁﬂff;@?% HIpVFAE
U A Fj% S 15 _Frfl WA UELE B tiﬁ T ) M R EHF ( activity and
toxicology endpoints ) > =" 1 E’dif}”ﬁt& fﬁ#ﬁ‘i EI*J?"’J?E}?W e -nll = E
1l¢ (pathophysiology condition ) » i EFHAZ ] & Fﬁ[hﬁfii@? 2

L %j&”iﬁ?{qﬁ@%&?;’bﬁ?ﬁgﬁ?mfﬁ ( Selection of Appropriate Animal
Species/Model )

; Iﬁfjf’,g'\l’gl’ﬁtﬁﬁ‘ﬁﬁ[‘f[ TP ZE" JEE % (non human primate ) ~

ﬁ?[ﬁ Eﬂj =] Pf‘ffﬁ}‘{l (rodent ) Tﬁ?jﬁlﬁ‘ i FHEDP (non-rodent ) ~ ﬁ?fﬁ Eﬁ %

f:[flf’ﬁ&l (multiple species) » [E=ELELF “i’ ’_ﬁ"@%ﬂ[ﬁﬁ%ﬂ E’AFU G ,]L‘%J N
iy (=R R - rff'fyﬁj TP (L E R VR [ SR

[ | @l # BLN{EFZ (Directive Gene Transfer )

BT L SRR s F%’,Eb}"&“éfj"u‘ ?E&?E}%Eﬂ@ ( vector
transduction ) ~ I EL PR T T BT k?i'*/iﬁf}*d’if T N %g
SRR B R 1031 AR RIS o

SRS - DRI - R wpgtﬁn
&WD?JW} ﬁ“;{ﬂfﬁjﬁﬁl Jr}il [/ﬁlll bﬁl@lra

[ jﬁﬁ%‘ It BLPEFE (Ex Vivo Transduction )

- W@ﬁjﬁg JHAF e BL PG U SEEREI Y A R T B A
b ARV E i P | 3R Y e T e PRSI LA RS [ ] Cuse of analogous
cells) ~ 75{@?{]?{““?&}"%13 ffli*'] (use of immunosuppressive animals ) 73'/55[
B = BPIRV DY | (use of immunodeficient animals ) » R1 B RN IR0 E
BE EFF =9t > *—‘Jfﬁ/\iﬁﬂlﬁﬁ?ﬁ‘a RPN P (comparatlve
physiology ) » I'] K &y ¢ F SR AR R (delivery system/procedure ) =
AR PER AP 3 ( systematic v.s. targeted delivery ) S $13# % (route
of administration ) & EJ%ZJ E b ,Fjﬁj = EHE -

® JIPIERERT i R E?]%"f 5153 (Proof-of-Concept Study

Design: Pharmacology )

Elﬁdffl’ﬁ*ﬁiﬁlﬁﬁ%méﬁ?i e o TR BRSNS EPAFF[;J C EE AR L
T‘j,ﬁ'ﬁ‘gﬂ (in VItI’O)E!F’jHFEI 9t (exvivo) FNIL‘:EIHFI[H: P 'i?H?E'FI’LJfF’J&? flk/'[f*'
AR IR HPRO RS B (R 1) R

ﬁ%’ Pty A SRR

R P‘Jifljﬁ* % |JF [E = FP BV = ] ( Optimize product dose and

formulation ) °

12



B EEFR [“?F’ g Fﬁ[ﬁdj— SR (Optimize administration procedure ) ©

R [ﬂif ik 2 ’jﬁ[}ﬂ} E'HE\JJ‘ % (Optimize timing of product administration
and dosing regimen ) °
W ] SRR R Y EJ% i (Identification of a minimal

effective dose and any dose-response relationship ) °

B S ZRE A F PR R YH 14 732 E#‘ ( Identification of non-terminal

biomarkers and activity endpoints )

EL[*J?F’}@:%E‘% ﬁq%—ﬁ&%n%%ﬁ?ﬁﬁ?f : %%?’ni‘%[!?ﬁﬂﬁ} ( Proof-of-Concept Study
Design: Endpoints)

SR R BRSO R e
[ | FJTE,%%P =f (Nonbiased design )
l:[J 2 S Rt a )l - %ﬁb[l[tvgﬁé(sham) Y% (vehicle )
qﬁ’g[guq EEIN w};”glh?ﬁiai [Eﬁ%ﬁmﬁiﬁ[ﬁw o
[ | [fkﬁﬁq' ( Functional outcome )
AL &= RO IR LN A il S s AR TR P 3L 4 R
CIUCIC e SR Flfqvﬁﬁlg\fi'{ﬁ VR R Y > IR

PN ERE R PR (43I (statistically and biologically significant

interpretation ) °
LI I'h’gj ]"Fh ( Biochemical evaluation )

%]E[I PO w5 (28 (immunohistochemistry, IHC ) ~ gyl5f e (=
= (1mmunocellulochemlstry, ICC) S (Ppuec iR IR PRt
e T H%TTEBE'J%E%F%@%%]@% ( quantitative polymerase chain
reaction, Q-PCR ) -~ ' fHl#& 3 F/\[ Ty G EE1 ~ s (reverse transcription
polymerase chain reaction, RT-PCR ) =755 =" 4 Pu284d s> E?%“ﬁ%”ﬂﬁgﬁ R
FLNAS A =

PR (S RS R L # 2IRNR : ff- t15) (Toxicology
Study Design: Specifics)

| %T:EAE, A REIEH R e -
W RORERETL A T BRI e -

B RO R BrE }{ﬁ]’ (MEEPIPI7E (species ) &’F =4 (disease
model ) ~ Fl “?F[)ﬁ‘(ﬁcppp& WS (delivery system ) ~ = &R (surgical

13



procedures ) E [ ekl -

u RIS TR R i 4 S RBRAH I R P i cu
‘Fﬁ‘iiﬂ?ﬁf‘@fﬂ F= ~ WREL AR - E%ﬁf'”‘h\_’?%)o

W ESEREP I R T R A s Ak
B R[EIEGREER E[J|1 A

¢ FJ‘:?E_ﬁ:[ oAt A =X iﬂ?ﬂ"*’Jg =75k ( minimally effective dose
level — POC data)

. @Wﬁ%émémﬁ&w;%éﬂmﬁwWﬁﬁﬁ&mwwwwd
adverse-effect-level, NOAEL ) =&l — = [~ [iEjH {77 ( dose-toxicity
response relationship ) e

& R R SRR AR E‘Jﬁﬁiﬁ” RREPRIE ~ A
@%’JE%?’ AR PR R SR g S

- Jrﬁg;ﬁﬂ#%‘ 3 253 E’!‘ ('standard toxicology endpoints ) > E‘[J%TI? IFLI :

& =d ko R B ?E‘E{E? A AET 5 il ((mortality, clinical
observations, body weights, appetite ) °

& RS T [CEEEE SN (hematology, serum chemistry,

coagulation ) °

& RO T @ R E TR
YR E*’f‘f ZF 2 %< ( comprehensive gross pathology, organ
weights ) ~ 2 r%%’ﬁfﬁ' %< 1/ EVF‘ =0 ]Ff[ ( microscopic pathology —
blinded assessment ) ~ f&I V=2 El (Y Fﬁh—.—n £ (differences between
standard and other strains) * E[p BRI FI*Jflf’J =t pRLN ST A

(causes of any unscheduled animal deaths ) =~

| JFJTEJ?[ I'Uj:(a&&q/ %ﬁf Jj\ l_j"{"tjl}djl’\—L
. @?ﬂﬁfﬁiﬁﬁlﬁléﬁf%f% TR
(carcinogenicity/tumorigenicity ) |l J?fg: 45 K ’ﬁ - B

FLKE 4 V578" & (host immune response ) ©

& i SEUGHA OR]RE (transduced cell types) & % 1V Edvb~ s > I
AT a5 J[E‘}?Lﬁf[j[fki < (unregulated growth ) ﬁ‘}?ﬁé@('l‘f}fﬁ

N

& J[-=BE# S (cardiac enzymes )~ (’2, [Fh ( behavioral assessment )

14



R, i‘ﬁgj ]"Ff | (neurotoxicity evaluation )~ Efiﬁﬁfaﬁ ( ophthalmology
exam ) <5 VA AR E EHF ( disease/injury of focus ) °

%I*?%Kﬁlﬁdfp’ﬁ*ﬁrﬁlﬁuiﬁwﬁ % FEH pLSwp JEE&”{*F MHAEHR > )&
i iJ <~ RS F’JF“E ( morphological outcome ) = ﬁ’g,ﬁl Nl IF‘[

s 2 LT R R SRR B D 3 1
B i SRR BT F ]%%E&Jﬁgﬁ?%ﬁ%gﬂf}@?g BREELE:
"‘FJ (vector biodistribution ) » I'| k> §Hi5iiaf e FAH’:E:—' ( fate of transduced cell )
SRS

® MRS TE AL - B S P53 5347 (Biodistribution Assay )

[ B AL o G BRI L R

(germhne) Tk~ APV PRV P F P 'r' ( biodistribution )

7&/?5? BB IEL (persistence profile ) » [fij [Iﬁ;[]ﬁ;l [/SFFHJJ R SRR

”J’FEWFIJ%"*E RNRRE P TS R

VAL 053 ARTR R

& L [ﬂiF ik Ff[‘[ (novel gene therapy products ) : I%J:rjm i ik

Sf‘ B 0 YRR P BT RR RS & P gﬂg%zrjr IFL‘ FEFQJ%?J
pio bR ITaRL (kinetic profile ) =, /AL IH 2% (persistence of

vector/virus ) °

L AR U R - '/E&FE‘ 35&&!55[‘ RIS 2 P50

(i RN T S R N ﬁ[rﬁi P05 SR TR
%%@%;ﬁ:{%\[ ﬁ[l]ﬁ.’}lg\ o

[ | EF’?‘F'J FREBCIR (Sources of Preclinical Data )

I F i Gkl parg et 57204, S phPigtialss &

o

SRR T VTS GLP V) R 2T ( GLP-compliant
F Ny f

toxicology studies conducted by a contract laboratory ) °
SI0/aS i A ﬁﬁhﬁrﬁ?’“ ( well-controlled studies conducted in house ) °

Pt fﬁJ PR A 0 g% ANV ERERE 8K (published data in peer-reviewed
journals ) °

iﬁfju ﬁ!fﬁﬁu i EE’%{&W‘L’@ e Fﬁ[hﬂ/ L ‘ifﬁﬁ ( cross-reference to

similar products in previously submitted manufactures/INDs ) °
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® = [*Qiflri VELf F‘[ ( Assessment of Safety and Activity)

TT: NG ’ﬁl[ﬂ? ’f“ifkﬁ[ﬁ VT FEP IR o R E I*Efylﬁf ‘I&E‘ﬁ?f
'[\i“T [ﬁl VET IR i[’[ﬁ"ﬁ ’5{ S ;1*15}”1 JFE L IE S (relevant animal
spemes/rnodels) ' w;f\% T = FRER ST JT I‘Fflﬁiﬂ JH'F “? AES=STY
Fed e > SnE e e o Al o E%FF[WH I'iE ‘Fﬂﬂﬁﬁ%wkﬁ’?

B o
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2~ LYY ,s’ﬁ%@lﬁl Vo 2 EVEIES 5% (Viral Vectors for the
Targeted Delivery of Gene-based Therapies)

° ’iﬁ%'ﬁ}%ﬁ% #V¥E (Adeno-Associated Virus Vectors)
u ﬁﬁiﬁ‘%\?&‘ﬁ% ( Adeno-Associated Virus, AAV )

IRUMEIRE Jﬁ% ( Adeno-Associated Virus, AAV ) fl— FEgH* | Jﬁi; E|
(family parvoviridae ) ~ Dependovirus g /| B - HY £1HT1E DNA
Jz:i_} (+ ssDNA virus or - ssDNA virus ) - AAV I ?J%_Z FELRE [ B 20

s F (nanometer ) » EB St E|Z Eﬁ}?ﬁ;@ﬁ% ( replication-defective,
non-enveloped virus ) ° | “J"JL' FH AAV 2| M BrEe ;%;‘%ZTEEI*J%”’J £
F‘Hf\”ﬁ > AAV & Fy%\“[ﬁ[“ % [Erﬁd [ErEgal wve s > FUE i 58
%‘ﬁIHE‘/ #‘, Eﬁ;l& v AAV -

AAVELMF”EI >4 T 7 FIB@EL (4.7 kilobase) » rjﬁi[ﬂ“”ﬁ‘ﬁlﬁg
S A %FJJFE! DNA %[ (inverted terminal repeats, ITRs) =
rep Cap : 1" Fﬂ,vq\?ffﬁ (open reading frame, ORF ) » I {1 rep O
PSS ED D rep SLPRA T &V Rep S5 1R AAV %3l 0 [ cap
5% VP1~ VP2~ VP3 £ JTFJJ capsid .V ErinkL PNEES] AAV FI I
ey Z e 4 A (dividing and non-dividing cells ) » [R]F=agL
?ji—f-[ﬁl[ﬂwﬁ NRIT Eljf MR Fl FLPHAEF T 1P ﬁjf%ﬁ AAV
[N = "ﬁl[ﬂ? R [‘%\E_E’ff _JE&FE‘ ( candidate viral vector of gene
therapy ) °

5 4 B (wild-type ) AAV P Z "‘J oy = Jﬁ 1% (lack of
pathogenicity ) ~ fi" %77 Zf[ 1F e (1nfect non- d1v1d1ng cell) B L%
AREEEL Y SR APIRRL AT BT - e PR Ll AAVST iS5
FJ‘“ ]34 (ability to stably integrate into the host cell genome at specific site,
AAVS1, in human 19" chromosome ) H fﬁ & P““'?ﬂz NI ER R
Hrepli e i *ﬁf‘iﬂﬁ il AAV 31‘(5331%@{? =Nl 2 2 E[J i E/E,E%Jﬁ
I ﬁl ri F‘ Elﬁw[ [STEﬂt{&jﬁ * (insertion ) FL[NFZEY [ 58 JAa & 5y

(mutagenes1s) JEEa l{:[ &

[ | ﬁﬁiﬁiﬁj\%‘/ﬁ =) %9‘?%} ( Adeno-Associated Virus Vector, AAV Vector )

pj}i“’ AAV H RN ,@E&Fﬂ :j:if;[ﬁj’ﬁgl[ 5277 | rep == cap FLIK
Fas s }-{"’%By;ﬂﬂ& IR promoter) jﬁ“ AAVEL“{” f
ITR VFE?JO "] AAV ELELEED [ﬂi ’ﬁ‘r.‘eﬂ&?ﬁ‘ fri l{;' ARG 7Y RS
FLEE =" (episomal concatamers) = A AL if;.ﬂiﬁl AAV
P PSR Psa - IR T A 2 ﬁiﬂﬂf MR T B
it kT AP AAV YRS VSR fBT?JTE[q“’N%JP EA
k= AAV DNA ﬁ[&aﬁi P B EA RG] 13 TR A i E'ﬁ]’ﬁm}a"“'
8 > AAV DNA [FEESIE 7 Fﬂ,ﬂ\fqu@;[ﬂm /;ﬁ{&} B AN T e
e

AAV P E I (R 5y 4 55 1% (very low immunogenicity ) o {1~
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IR o AV SEFRPVIS S B LSS B A (5
(cytotox1c response) Ef (ﬁ - T}E‘H AAV Hlﬁl}‘ﬁ’ﬁg ( neutralizing
antibody ) iU & e R R lﬁ}itﬁ'E‘WH SR =
A AAV (B R Wfﬁ”ﬁ‘tﬁwﬁ%‘ﬁm B5h

SR (171 AAV [EADSLESIREIE » [~ B DAL (g

1. SRpYEEE- 7 (cloning capamty of the vector ) AFIEFT L > SRy~
fm = JW' e Jﬁl[ﬂ 3 ﬁ‘e;l 4.8 kilobase | U BEHL [
'ﬁﬁﬁg&'%’ o= fﬁ” CRVELEN > AEYE DY AAV B T

2. C ﬁl[ﬂ“” I AAV FUITRS =5~ [RF V= pusl SenieBisRL A )
T 25 ARV B Y SR O ] % RIS
(transcript ) Ef?”llf gl e <225 20 A Uﬁ;
3. EFE] (wild type) /ff BT #‘[* EJJ‘ Bl gﬁ‘ﬁ%{rfz w0V ( humoral
1mmun1ty) EEENAN P Jlff IJ\_A_/IEI%J bISTOREE = ans ['ﬂ[ﬁ"%‘%{ ’
F[ ' f= 5= AAV BHERE lPE‘[ Eﬁ Ll P o AR PO TR o
W AT B AEE B (AAV Clinical Trials )

=4 F1 AAV =TRLH T P FC5Y- RS 37 KE“F&E[HJ ‘rﬂ’*ﬁa%
Bl Iﬂvﬂmﬂw\ﬁ He B uEE5EE. (cystic fibrosis) il
(hemophilia type B) ~ *'1& & "W (Parkinson’sdisease ) - ’ir NEF :{i*
7t (muscular dystrophy ) 378 [EVAIE) > L‘ﬁr‘?ﬁu’ﬁ'ﬁ'}”?‘ﬁ“’fo
lﬁﬁAAV E&Fﬂﬁl[ﬂi AT i ?]3"*‘ ] Flffj_\ijf‘;?r:
® i ik Y- RS T TR R R E OBV R RIS SRR
i st -

& FIf AAV VLB B - A0 7 AAV-15 AAV-2
= ?%IE&‘EE ’ IHE‘ F=1 7] AAV-1+ AAV-5 + AAV-6 %= AAV-8
STAAVEE - B ) Pt 26 -

¢ CRYRVESER ﬁﬂ%}k D= HH3EIE. (long-term follow-up ) o
2 T FIJAAV%L[#diF,Jﬁ%EfFPF# s El [/Fpﬁmaﬁ'F TN

T F'F Jigr o
B AAV EESFE} NE=TREES T‘F[j— e (‘Toxicity and Host Response )
3Z 2009 F 1 EERE o 2 IR AAV BRREL I I

A. 0 AAV %&?ﬁl’”ﬂﬁ[?&;jj%\ ) 71J FEDE |: ]FIEF:[ES'?B 47% [/%1"}1@[7 iyizr‘g
(serious adverse events, SAE ) 1fj#y - ['E"E 1 e A e S [IE 5
[ 58755 (occasional fever ) f5 4§ 7 i 188~ i (1ocal injection site react1onJ)

B ERSERE 7S]y (Immunology and Ability to Re-administer )
DI AAV VY * % B B T PR
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SrEr rf“'l 3 ?E'?Jf( 0% ( humoral immune responses ) =25 I B3 YE ( cellular

1mmune responses) ST AAV VFFJ 2 R SrF 1 (capsid ) p3) 4!

| R AAY R S A B

AAV— = AAV-8 WF’?‘E fElﬁFIEJ AAV E&?‘E—'_ﬁ:'i** Ui
( cross-reactive ) ©

i AAV ﬁ&ﬁg& BT 7 2 B s o L i A |
B I/ﬁﬂ?(alft il Eﬁ)uu@’w‘%i? RO R RL PO AL
W?F ’ﬁ*‘ﬁfﬂ  FURES P - Bvb s TSRO 7 AAV BV RIRY
2T /lﬁ/c’. °
[ | ;r}’h‘e;l
® [y F"@ﬁl‘ﬂﬁi@%j@% e E?[ﬁa’ﬁ@ﬁ“(gem-line
transmission ) ’5 Pur Y = 2L B ( embryo-fetal
toxicology ) I 7v:)r FE“%E&EEF:‘EE?’ AAV BVFRLRLA 2 P
¢ AAV Eﬂ?ﬁ%_ F‘ ' GMP = Rl > NHIRELE & (large-scale GMP
production ) » 2" F| 18 {lat " [[u3sH] o

& LR R I RSN B BRI AAV BV T A
1] o

‘[E;'IVFFJ% %9?%} ( Lentiviral Vector )

'I‘@'yﬁ% (Lentivirus) 777 lenti” - [FFF7 7 &7 pumicRl - pht
%Uﬁ% %| (Retroviridae family ) ~ ‘[@Nﬁ% B (genus of slow viruses ) » = ¢ B
i‘?’r: (A (long incubation period ) j/flf\(j Ea

‘l*i"’ff 2 AR B VLT F, A WP DNA fIT > W[Pﬂ[@v‘ﬁa‘,t
B R VR ER E&*ﬁg (gene delivery vector )» * 2 e @T = ”ﬁ% (human
1mmunodeﬁc1ency virus, HIV) ~ }‘|§“géj@j\ 2y %‘J ( simian 1mmunodeﬁciency

virus, SIV ) =23 q P = JTE ; (feline 1mmun0deﬁc1ency virus, FIV) =7 £},
e ot (5 Aty -

| [E,MTF 733 (Classification )

E'ﬁfjb Bt E| T S FETY F'J (serotypes ) ] ’f‘f%mgﬁ%“'_F ’ ’5]39\6"
HEEERME I fé’ = g”,%q““’j[ IREE]] #, F[JJ%?%
YR KR ;FJ ) TR MM CD4 S5 I’?F" S dUTPase ffi
fl J{E%"“,jif}é" FFT IR - A gag % s ITH] > SPAHTRI D S
e

W9 EIfE (Morphology )

T 2, EU ) MR (virions ) E”ﬁ;‘ﬁﬁ% (envelope ) - Jf B ELHE AA5F
JI?E‘ ('slightly spherical ) Jﬁiy PR ] /T 80 = 100 nm Vi J °

‘lﬁ"ﬁ 0 = ﬁElrﬂﬁﬁ SR ISR N > EO9 B R
= 5&4 EJ11‘8nm4\J “E[r%ﬁﬁn—ﬁl (tiny spikes ) JJTI R ERLE

19



P'J”ﬁ% #i-  nucleocapsid S 1EG IS ﬁij?%} (isometric ) » ™ K E YA
A% (rod-shape ) °

‘[@NTFJ%_‘J FLA ”?ﬁ‘%‘%ﬁ?ﬂﬁi ( Genome organization and replication )

SEFM BRSSO [ SRy O 1
ﬁ“&%WTW*W3WNWh%gmﬁ%W§“_mWW]ﬂ
PP ELEF LY (accessory genes ) » |7NFJ§ &FERILY T IR > 0 HIV-1
 vir ~ vpr ~ vpu -~ tat ~ rev = nef &> E *x&%ﬁ [%%rb&u_i')ﬁ
RNA 5 Iz b 7% - T A1 - gdw%%gmﬁﬂ
(long terminal repeat LTR) F4E% 600 || I_bb?/$ [’&J\ | E U3 B 450

ﬁfrﬂ'[ @fﬁ\ I RAFES 100 A9 e[ > =4 US BhIsi[[ES 70 {5 F
&4\

M Jﬁ% T R R B pY Vﬁ% grf W G T (reverse
transcriptase ) Eﬁgjﬁ * T (integrase) = AEI | IET o JF‘ I 1R QLRI T (et
RNA 7 DNA 7557 (RNA-dependent DNA polymerase ) > {75 [+ }{ﬁ’ ) Ji‘;
RNA HZE55 7 #] DNA 73] - Jﬁ“ | "f}lij”@ﬂi@%@@?i@ﬂ/ﬂ% 2]
DNA ﬁ’fﬁj FLPAE DNA AR ?F[ ; j“’»?}}{jyﬁi; cDNA Jﬁ“ ’[F[} LR
F'J FI A% LTR B2 -

ol ’J"h;'./f% T;’T&*F,’i EHLET %?}%9?/# o) FURY > S BER T AP
ER-S e N LRl R AT “E‘ﬁﬁ”ﬂ AR o i
REALEAL T -

[@;Jﬁ NEXL! E*yi[fﬁ 1% (Biology of Lentivirus )

L 4 /ﬁ ﬁ;rﬁﬁf 2%k > L T-HTIZ RNA (positive-sense single stranded
RNA) -

v RLPRRRERGE 9,200 (A P -
v RLPNAT SRS cap ~ 3! poly (A)=TT ¢

R T U L SR B T
v LR E 9,200 (i P -

ey 2 e |

RN ALk i LI R
S AL B LA (28] ) RNA T 4875 (RNA

interference technology ) °

Dy F IO ETR 2 R e iR AL W?%@me“ﬂw
AP o BT BT oty i R L A R
FEPNE a'sr%:lyfﬁqa o

W 2 (EERRLPN R O SL AR > B RS A -
& PRI RS BB AP S s
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TRBL P e (S AR IR
SUE R E RIS (low immunogenicity )

hi,l’ff JETVI?E’EJEE&% k% ( Lentiviral Vector Clinical Trials )

gmq%@ﬂ@ﬁJ@%¢¢EW%%§@Wﬁﬁm%ﬁﬁ

' BioMedics ** fil 5231 ProSavin i i, £ 3] » S -

€ ProSavin

BioMedics ** FJEE JV ProSavin » )] [@Jﬁ JEB’?E}if‘T’ EnasTl
i iﬂhﬁ?%@z* (“T% (tyrosine hydroxylase, TH ) ~ GTP <ty
(GTJi; cyclohydrolase, CH1 ) &3, 7 f = L- ﬁifﬁl@&% R (aromatic
amino acid decarboxylase, AADC) ZfL[N » = fful* 'JJ‘J"\F‘ R %0 g
(three genes for dopamlne synthesis ) &L [Nfi JEL PRIGEE = Ak o g E
FIIH'] MRI 3£ 'jqwffk[ Tk, E }{’—j”ﬁ =i 4\5“'1[ i#9 (putamen )
J Striatum Eﬁ‘q@ I Jr'iJF ﬁ?{*‘\’if Striatum Eﬁ@?ﬁﬂ%\f%E'ﬁﬂi CfELET
IR E; 2= }HE ’ﬂ{‘fzfl 25 U (g qiéﬁ‘) T U E K

- (Parkinson’s disease ) °

GTP-cyclohydrolase )
L-Tyrosine

) . Tyrosine
Tetrahydrobiopterin +

Hydroxylase L

A

L-DOPA

Aromatic Amino Acid/
L DOPA Decarboxylase

A

Dopamine

g
ProSavin (77 ] f; GMP &3V 7 He[14 & - "] HEK293T
k;gg;a;ﬂ A VR AT ) T APV [y (R
; ]ﬁﬁ‘%&ﬁ %ﬁ% JE‘E‘[%E@T[“V@ GTP E%U\Eﬁiqu"*‘ F i
PGP L T L PN [/—%E"ﬁ?ﬁ‘ IR A g GEEL
Vi [l T REE T *%’Eﬁﬂﬁqﬁ[’“ A [H[llsrjr Ak

30%

&[RRI RIS
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Hf ProSavin FIBCYE N ITEESA |8 A A D B
B SN B T g W%‘ Ll R e
c[i‘? , ':'_’ 28 I[_{FJ |%4 %1 J Eﬂj , ] J]:| ;ﬁ&’-{ﬁ [_.4_ «:L':‘E\[

Bl ~ T~ = BETFQ&EIEF:T—

h ! BioMedics % Fl =Rk B 2 BB —F G g El
4" = &} (French Health Product Safety Agency, AFFSAPS ) » #1125
i~ ProSavin 57— ~ = BETF&&E%%@E%H[%[’% o

ZRERHR Open Label ’T“J“* ]Fh | ProSavin iF TSR T &

s JCFE( bilateral 1d10path1c Parklnson s disease )i == ¥ [ ( Open

Label Study of Safety and Efficacy ) > [/ 138 Henri Mondor [ 1

A PR I?}; Stephane Palfi @4 IR T = 0 S I 2R
FURRS T = BY ”?ﬁﬂr]ﬁ[

B e Q—:‘iﬁg?‘t L- DOPA jfljﬁ?r Fsrt ’FEJ"F—‘AFIJF[”JFIkﬂ o ST—
BEEQE—E‘@&AT} 2008 = 3 E[ 5 F[:& ﬁ’l | Open Labelﬂrlﬁ,: PR
riﬁxﬁ‘[hivﬁ ﬁ&‘ﬁﬂ& BB Y = 1 T 2008 ?F 11 |35y 558
6 ffi FIEIHE o FFNBE RBP4 7 H
%‘ﬁﬁul\iﬂﬁ AR S Tl FMBESSZ S 1E] > R
R 3 El?ﬁ‘ﬁﬁ'[ |5 {ERHJZ[] anti-ProSavin ﬁ@%}ﬁ'?} T R
SRR RNA & i 7 RUE 10 SR o 28 ) cDNA & 7

BEE'; Vﬁﬁ% J 18 # o #H /L'{ﬁj/[ %ﬁ(ﬁ%ﬁaﬁ[ﬁﬂﬁﬁ
’ FJ%FE‘ =24 |PFJ Jﬂ UFERL o

2T IR LT | B P M 2 A s 2
5570 | 1 g PERAR -
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P4

i&yﬁiﬁd‘fj[@ﬁ”ﬁ’% T [ S 00 S IR » S SRR R ) 4
ILJ sl 'E"T JHr & K=" (vascular endothelial growth factor, VEGF ) Vﬁiﬁd’?’rﬁgir[%
CEE LRSS L/\[f[:[E}‘% % klﬁ%ﬁ% ,fil[_ﬁ}&_ % /\,%, VEGF % [ V91 dfLp
[ﬂﬁ?%‘gﬂﬁ[@iﬁké} VEGF > e«iEl A aE&&E& VRS - T U;%D Ej@l
LI S %ﬁ%T@E@L@Wy#ﬁ
Al N Eﬂjﬁf’ S BT e 2 R

10 - TR R S
- %mﬁ“?%ﬁﬁq’ S e e S
YRR S T B R 1)
R EL R [ES«' CBER/FDA f=I7% 1990 = [LH[]=1{X1~21 CFR 600 * ?ij
R IS P %.ﬁﬁﬁﬁﬁwm%ﬁ%%

= PSRl Rhkper b 2 = HC 0 TR CBE i ETE
ﬁl[ﬂfﬂjﬁ*éﬁg V%J IR —rmi?ﬂ#'ﬁ?E’ Y H L] Vﬂ[“ﬁ?ﬁlrﬁﬁif[qwﬁ—d Jﬁh F'
ﬁ““ﬁ\l CGMP #H &, [/%J—L

SLERT il BOLY TR)  PECEE [pn  7e g
@Ff (advanced therapy medicinal products ATMP ) ET% I8 Regulation 1394/2007

» BT %gf&f&ﬁwwf OVRT PR - B SRR ATMP -
ﬁﬂﬁww[ﬂ%l<mwmmﬁ@@.m%miﬁﬁ@$ﬁ%wlfﬁwf,
bt w% m%%&#EEW(HﬂM)®EWﬁFTﬁ?ﬁ$ Ww@ *E
21 mwﬁﬁﬁ WTF T RO B AR L B RS
PR - ?HWHGMPﬁﬁﬁiA

@g;l Bl g[ 8 & fji| VEGF ﬁl[ﬂiF M~ BERRRD B B SHERS T 92

ELP‘J? Pﬁ%%FlEﬁ?ﬁéltﬁjﬁJ Aﬁﬁ'ﬁr& IS 5 G N FTEE'E'[
T‘ mﬁF "ﬁrﬁj Rl o I jj =50 97@E{EFJ4*|?H:T I
R AAV 2 ﬁii E&Jﬁﬂ@%ﬁﬂﬁ R LA R PR ﬁ? ( aromatic amino ac1d
decarboxylase, AADC) LK > GlF 2* ‘%HF B AADC 8 7fEpa ISR
- Elﬁ“ﬁﬁj II?T%“’F ]”J;ffifﬁl[ 1% ’?’*E&?ﬁ' Vi3 Lﬁ’ﬁ AE E;'?E};'/j?'\%‘)’j\ EESE
gﬁgj I/ “rﬁ}ajf FFTR_IFL 2 E@V yjf I‘g’%ﬁp{ N4 & o

[ ;\TJIW /ol B CBER/FDA riﬁi[“f I@E’FFFF#IJQJ WE B
i m%ggu@ wl*@ﬁ@ﬁ i Wb%?fmm%ﬁpm%?ﬁﬁ
%@@FPF NS 73

. E‘ 'JIEL«W[BS«%’F DR BLINTE ,fﬂ"f@jﬁmiﬁwm =SB
W@Hrﬂﬂ /UE ﬁ@f«fl FIF L l@&i&[@'ﬂ?'ﬁ?%‘ i
?:'vﬂffﬁm g ﬁ’?ﬁ’lfﬁ 7 ’%ﬁ”%@@ﬁr?‘é > I 2 gl
ifg[ l/ﬁé?%*gﬁil | &1 E’ﬁg lgug[ﬂi@)ﬁ‘r ?g %F[[ﬁ%i,g{?ﬁ
HO Ry R 2 SRR iR

2. Puﬁmwii“?*ﬂFEW?%éﬁfﬁﬁ% R 2
CBER/FDA 21 CFR 600 “=f; sﬁﬁég Reg 1394/2007 Z415 » 1 LI
AL PR Y R REREE 5 B (chemisty,

23



manufacturing and control, CMC ) #/7: ~ §J FRARYE (RO
T £ PIS/C GMP A ) FT g :tlﬁﬁﬁbg'l ngff
> I EE[I&@“‘HWJ:@F‘@@ 'ﬁﬂ;:

R hﬂﬂ#%Wﬁi igw@%mr 5 2
i o S O EW

3‘@% '—ﬂﬁ“[“’% F@ﬁ'jﬂ;ﬂl ExiRyl
[%%E}A I/E[j‘tji i [TFJ_\D BN ]VIJIJ—‘ FIFP A A ﬁ-ﬁ{ﬁiﬁ"ﬁgﬁ ]:I
E@Jﬁl E’ﬁ%’fﬁ’%ﬁ”ﬁ”% WF - R ;LLI;J ng
’Jr[ I’?ri B GMP 4 #et I RE P HE E‘%Fp IIEI o 7~
e ﬁ%’%l

cerRl (R B E A PRI 5 T ) & il
E;E‘PFEHJ ?i %15‘@ Fﬁ[!ﬂf? ﬂ?Fg%?;%EFijﬂj SN IEy lﬂ#“ ~
el AR 7H Jﬁiﬂffﬁ*_’?&kﬂ ﬂmi —r[fl

ﬁ%@&W@m*@%WB%ﬁﬁm%ﬂwm@@iV%¢w%
(il TIF TEDA APy VR » R ol gt TEDA
%%'ﬁf SLIY TFDA J-) e Sph v ﬂz@@f@ﬁ TR gy o
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