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The importance of recombinant adenoviral vectors for the development of gene therapy and prophylactic and
therapeutic vaccines has led to efforts for process development of large scale production of clinically safe adenoviral
vectors. First of all, cell lines producing replication incompetent adenoviral vectors required for clinical application have
been developed and the concept of banking and characterization of cell lines and adenoviral vectors has been established.
In order to meet the need of amount of adenoviral vectors for clinical trials, various large scale suspension culture
methods using serum-free media have been developed along with development of large scale purification methods using
chromatography instead of cesium chloride method. In addition, methods for the quality control of adenoviral vectors

have been established and applied for the clinical lots.
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B3 vk 2005 ol A AlAl R obd|entol
2] WEfe] oofAl FHARRI p53E BAIE A=
A9l Gendicineo] T A T8O Z FRJAEAT (14).
ofer=mele] 2 WE7} thE #E ol Hls| Bel
AREEE o2 AAl, WEIA Zte] hsla Helshy
A, T4 = FA71e Aol dde] golsta AA,
SBANTFE o] &= AL o] om x|, okA
go] rste] AAl B 7] wate] goldith= Al
ATE (11). 2 FAeAM= Ao FHE 7;1 A& o]
rpole] s npgo R QS 918 v
2o AzF oly|wmnfol 2 AL A
g w3 AN FEAEE H?ﬂ 7l$ 2 A
Wioll ol arEskarat et

PR

1. Mg of| leHo[ & YAE MESF

FAAAEA 2 WA ARG 0 = ARGH = ofd|en)
o]2] A~ 65~80 nm ZL7|& 9|97} ¢l o]F1 DNA
= A7+ EA3 5 old:=nfo]#{ 2~ (human serotype
5 adenovirus, AdS)Z Al F SAlo 22 EL (early
region 1) 3714 Go] Ax o] gt} (5). o]& <& o}
eHtolg] 2 A 1 soln A4H El f7IMGel= A
gstazt e TS AGE = JA Hol vk @A)
P& O}EﬂLHPO]Hi Ao Z ARRE AL Sl AE
T2+ HEK (human embryonic kidney) 293 A3 (7)<}
PER.C6 M5~ (6)7} th3E 2 o]t)

= L
£ z=

Q HEK293
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1) HEK293 M Z3

HEK293 A3 HEK Al3Ee] deksl AdS DNAE
FAAg o] A2tEo] AdS AlEe 14,344 7S 8
sz Qltt E10] ZA¥ ofdwnjo]e] 2 #E 9} ofH %
Hpol2 2 Aol 1-4344 4715 3kl )= HEK293
A FEF Alole] AHEA (homology)oll &]3F s A1 =3t
(homologous recombination)©] dojutar o= Q13| 4|7}
5 old:=nlo] 22 (replication-competent adenovirus, RCA)
7} @S =k (Fig. 1A). ©] RCA] &3 El0] 2
g otdntolE| 2 HETE SAT F gl PR
EAEo] dSRkeS doA kA SHdlA vk st
A gormw QdAIEe wHd g 5Ee wevt &
Tk ol G Etelar dA7EA 9] g oF
diicnjolg WE] Aibell= o)A % HEK293 A|lEF7}
ol ARE-E L 9tk

2) PER.C6 M Z=
HEK293 AI3E72] @3] RCAE W8] 9la =k
Elo] A7 ofvnfole]z WE| e} ML) A
J &S A A5 Aolt} (Fig. 1B). PER.C6 AT+
W2t (human embryonic retina, HER) Ao <17t
X ZEAECIE 7IyA] ZZRE] (human phospho
glycerate kinase promoter, PKG)ol| 2]l 4 =™ o}d|:=n}
ol# 29| E1A9} E1IB §AAFe] 99714 45035108 X
sl ZekAn = (PIGEIAELB)S AEAlA AZHE
T} PER.C6 AT RCASH AR obdA oA,

293 Cells - Ad5 DNA

<

Sequence

>

RCA
Homology ‘ ""'--------ﬁ
Add Ad5 Vector E1° Ad5
@ PER.C6
PER.C6 Cells - Ad5 E1 Sequence
No RCA
AdS Ad5 Vector E1° AdS

Figure 1. Adenovirus packaging cell line and adenoviral vector. A) HEK293 cell: Appearance of RCA (replication competent adenovirus)
by homology (gray box) between packaging cell line and vector. B) PER.C6 cell: No appearance of RCA due to the absence of homology

between packaging cell line and vector.
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obdl|i-ulole] 2~ WE] DNASH AlEF2] E1 DNAC] &4
e T 97IAge] §ls w400 o] o] diFeid 2
¥ RCAZF 8] A eFokrh (11). 1eivh &3 570
o] 7Pt FHEE A 7H Axd o 7] Amd
o] doji} ofdiufole] o] ThE FlofA] Aol 9]
= BAAY EL vpo]y 27t - vho]#| 2 (helper virus)
o]EA o7 whEo] A= Flo] #EHT (12). PER.C6
AEFE o] &3to] g AAke ofdintole] o] #F4
®4] An} PERC6 AIEFE ¢HAA SHolA HAadhe]

AGHe M Qe Aoz Ad= T gk

2. A& ofH leHfO[H A& it

—
>

MMM ES S HIo[ A HIE] 28 M &

g oftl|rentole s LS flsiA= 7 WA A
AT F wpele| 2 vy 23S AlFskal 54 4
< @lfof gt (11,15). AT S ATE AlEF
23} (Research Cell Bank, RCB)Z & Good Manufac-
turing Practice (GMP) AlAloll 4] MCBZ wHsal, o] 23§
WCBE ®HEA €tk ob&e] WCBEHH ofd=nfo] 2]
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2 AAkS- vhzl 5 End of Product (EPC) Al X5 418
afof 3l MCB #4132 ), identity (isoenzymes),
DNA fingerprinting, karyology (diploid cell lines), Al¥2} &
sFo] 9 mlo)lmZe}=u} in vitro vFo]# 2 EAin vivo
npol el 2~ A, dxrd w42 T, specific viruses (S17F
M AFEA), 2F-8 vle]2] 2 (bovine serum AFE-A]), =
Z)fr2f mlol#] 2~ (porcine trypsin AH&-A)), Bl EZufo]g|
(PCR-based RTase) 5-°|th. WCB #4132 e, identity
(isoenzymes), DNA fingerprinting, Alvt3} #30] <, »}
o|mEep=n} Folth EPC A2 FH|, wlo]|ZEe}
Zu} in vitro HFolH 2~ BA AFE wlo]22~ (bovine
serum AFE-A]), SA]F-2 Blo]E]2 (porcine trypsin A&
Al) solth

ofdanole] 2 28 AT nlo]E| 2 23 (research
virus bank, RVB)Z5E] GMP A]Ao|A MVBE wHe11,
o|ZHH WVBE W=/ €tk MVB 2432 A3t
o] 29, molmZEk=nY, in vitro HlolEl A B4 in
vivo Htole| 2~ A AxbEm| A w3, specific viruses
(AZFAIE AFEA)), 252 vhol2] 2~ (bovine serum AHE-

Table 1. Analysis Items of Cell Line Bank and Virus Bank

Cell line bank Virus bank

Analysis items Note

MCB WCB EPC MVB WVB
Morphology + + + - -
Identity - isoenzymes + + - - -
DNA fingerprinting + + - - -
Karyology (diploid cell lines ) + - - -
Bacterial and fungal contamination + + - + +
Mycoplasma + + + + +
In vitro virus assay (CPE, HA) + - + + + ﬁi'?h‘;ﬁ;;gfpﬁ?ggic effects
In vivo virus assay + - - + -
Electronmicroscopy + - - - -
Specific viruses + - - - -
Bovine viruses + - + + - If bovine serum has been added.
Porcine viruses + - + + - If porcine trypsin has been added.
Retroviruses (PCR-based RTase) + - - + -
Endotoxins (LAL) - - - - -
Host cell DNA - - - - -
Contaminating proteins - - - - -
Virus titration - - - + +
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A), #A5-20 vke]#l 2 (porcine trypsin ARE-A]), Bl EZn}
2> (PCR-based RTase), Hlole] A& Solth WVB
e Al 8ol 94, molsiEek=nt, vholy
ZF solth AEF B oftmntolg] 2 23 A
o

Table 1o A& &}t

) HHOt
3-8 E1 24 ofdwmntolE = W HAkS 93|
HEK293 A5 9 PER.C6 AEFE o] &3 wjdiw
2 ajF ZAo] JNEEAT) wiEE © 2= roller bottle,
batch, fed-batch, perfusion, packed bed perfusion and hollow
fiber ®4 Sol itk (10). o5 WY T 9 o] &¥x
?}‘ﬂ% batch, fed-batch —22] 3L perfusion *H ©.
%, AlEe) o uelw RuY e Agshe
AREE A A Ao A zfo]7E Q)
“?‘, 2= Bglol Wstshs 3ol
383} gL 2R S Aoz w)
. o] <13 ofgwrto] g2 ]
%EOJ 03~05 X 10 cell/mlz w5
‘%L‘:lr Fed-batch W& 8¢l -5, 583 %4 5
= ARgSte] MgS AAsta AE FRe] SUHE
g = Qv 1efuh AE7bA] ofvllmntel 2~ ALk
ol 574 oh|atdt xS Hrkelriets A2
ot :mnlol g2 AAMA ZHoA Z AHE
ta odck o] wjdRiel &gk ofrnfole] X
1 X 10 cell/mlE batch ¥i=FRol Hvl&] =LA
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o|& olaf oldmulolz| Ao aAYsEA o] FHsEke] 3 X

10 cell/mle] A2k o] W =it
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cesium chloride (CsCl) B+ sucrose
2ol o]§¥ et (@) 1t o] W
We d7g rel GAde Hsht 94 7R o
% Aol Agtelx) etk Wil 2 GrvhE)e)

=AY B3 GMP 8318 wHHAI7
2 s whHo] A= 1Y) Capture TA=

thawingS X8l
A Fa)] 2QAE

S0l 1l
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g A 2rE 289 E polishing WA 2 43t 54 33}
AEvE 23] (immobilized metal affinity chromatography,
IMAC) WHlo] Hx2 Hu=dct (2,8). 18y ol W
HE 2 X CsCl /ol Hld] & 2 % SHAA 5

5 ool ohertolel g Atshe Bl Akl
ol &= hollow fiber 558 RFal= expanded L =w}
By o v)Ee Ry Wil vls] of guj
e 32%°] &3 CsCl el BAsh= 8

== X]
Y= A el o] BatE 9t (13).

3. M= ot eHO|H & FE S

SYE A 7% o3 A ofeento] 227} o
ofFo R AREH7| 9l obdmute] | 29] FH o]
AbAlue} Qgstedof gt ol 18 obdlmutole

3 #E& £ P AFHEL AAsta, PakE

2 vheistolo} g}

1) HIO|2 A IXb (virus particles)
oltmnlole] A Qo] =L shajo A A& uh
oy & & HAstE Fho] HERE gt ‘:‘Folﬂii i
Aol S4L FARTL qE FolAE 7
Folt). ol imutole] 2 AAGE ZZ*O}L W2 wto]
& 2=9] capsid T84S sodium dodecyl sulfate (SDS)E ©]
oo MAAZ H, =FH vloly 2 Al Am e
SAste] kAo w2 Anlshs Wo] 2 ARETh 1
2t o]t SHUE FF 54719 HAf, SDS A
LA A7} me W o)t}

SAHE ﬁ oH Resource Q

& Fa%k &

}“>‘ 0_1_4

o m& it
Zﬁ
\i

2) 24 HIO|HA 4 (infectious particle titer)
nlole)ze] ei7kg 7a) dlstel
HH oz AFRHE), a8 ol nlo]#] Ao A

plaque assay”} X
O 7Loﬂ

o) B 279 ol Alo] A8 B EA 7
ApH o 2 AelElx] rom g TC|D501:H S o] g3= A

o] uhgrasiet,

2 DNAS SAHsle= W
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oy

M2 southern blottingS ©]-8-3l= WHo] 2 0|85
ALt ol 579 Alus EElske] probe® ARSSHO
A AE Wl A8 S5 DNAS A&Eshe W
ojty, 1efu} ofdmntol o] A9 kel A}E-S=
HEK293 A3£9] Aol oftlm=nlolef 2 DNA d7-7F
stElo] 917] wjiEol| HEK293 Al¥E2] A3 probe® A}

EEHU

rl

g3l7)0l HAaetx bk wEl SFAEevt EAfshs
E4 §HAZ o]83) real time PCR WO 2 %5
DNAS S7438h= o] nigh#jsit).

4) Aggregation

ot ivtol ) ~o] 9= pH WStE 2Fe ohgst
QAo = <13) H}Olﬂii ol B o] wHAlE}
=0, o]#& aggregationS Hfo|#] 9] o] AsFS

£ Bl

o
o2
N oox

i

PI

ux]7] witel] FAFrEe] Fo dEol) 7
o Q)P AglAx S & ofd|i=rlo]2]22] aggregation 7
L2 G718, Agg/Ax®] 0.1914 0.3 Alo] &7}l <
o M HA] G Aow RuFHY)

5) St
obeliutolel 2 A WAWSS s W

il
A obd=nlol 2] 2 YA} (virus particle, vp) 5 <
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go] 9)\% O}HI.LH}O] 2]~ 42}= (infectious particle titer,
Hol| Al T8k oJuE Zh=th A E
= OPEﬂiH}O] 31i4 HARHE o 2 3| FkApr}h Apa)
= Abazh Akl whet vl= FDACA = S N
3o vplpfu 7HS 30 mIFre.R ATET,

6) =&

wulolH AE TAAA cytopathlc effect (CPE)% %%é‘}
th =234 =
oftmnto] ] 2~0]
mass spectrometry -2

7)HE Y B B%%’é!
obemro] 29 4
7] 93k Triton X-100,
AR g4 5ol *F‘l%‘jr At 3 F A
Aolo] eH= e

AEo] FHF =1 d
sk fldl, sl AFELAEY] AE5S APgEes A

Table 2. Category and Standards for Quality Evaluation of Adenoviral Vector

Test items Standard

Appearance Self-standard

pH Self-standard

Sterility test No Sterile

Endotoxin test Self-standard (commonly <5 EU/mI)

. Virus titer (ODyg) Self-standard

Content Virus titer (HPLC) Self-standard
Infectious titer Self-standard

Verification Restriction enzyme map Expected band pattern

' Host DNA test Self-standard

Purity test Host protein test Self-standard
Aggregation (Azazeo) Self-standard

Potency test Infectious titer/virus particle <30 (USA FDA standard)
BSA content Self-standard

Residual materials during manufacturing process Benzonase content Self-standard
Triton X-100 content Self-standard
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