GE Healthcare

. « )
Kohler  Milstein 1975 “ " 1
1984 B ADCC ( )
1987 2.
HAMA ( )
90 3. T IL-2R
100% 4.
(Mab) (Humanized Mab)
(12 2007 FDA 20
( 1)
“ " (Blockbuster Drug 3)
200
i Tra s i O sl 2004 50
hl{;“: Humaniaed 2010 300 30%
e R - ( ) 2007 210
— “F;‘ r J‘ ( 1) 2000
iz m s praledrd
J‘ 1% moTee praten
B4 P O
T TIAHEE prCiEin
1.
1 ( ) ( )
— o 2001 | 2002 | 2004 | 2007 | 2010E 01-10
i ﬂ'l'.::-n'- H:I!'l. il " EeEIE
aﬁﬂ a 29 40 105 | 210 | 300 26%
i
LB .'fH_"_I."'.'\I-
3. 34
2.
1997 FDA Rituxan, : ——— g |
Anti-CD20 56 IDEC/Genentech/ Mo Al
Roche 12001 3: o~
5 I == Srng L
5 ': Bt 1
X m— Liakein L |
L k) O Ii.ﬁ'll'h L] i .

2007 7




_'L |y ciisdn i "‘\ {"
Y () ey FIAL2
‘# }:Fl\hllarrﬂul
DNA Baaae Oy T 4.
(Gab) ] Fr-fragruaat * e
2 . -
( 2 U 3
2. (Genetically engineered antibody Gab)
80% HAMA
CDC ADCC Remicade (Centocor )  TNF-a
CDR HAMA
Herceptin (Genentech ) HER2/neu
Abbott D2E7 TNF-a Humira
F(ab),
Fab Fab Fab Fab
Crohn Cimzia
Fv ScFv Vv, \4 Fv
(scFv)
Diabody vV, V| (A
Fv
CDR
/
Fc
2.
(3
3.
IgG 150-170KD ( 50KDa 30KD  50KD Superdex 200  Sephacryl S-300
25KDa) IgM 900KD (SubClass)
( ) IgG,
GEHC (50-100KD MWCO)
(  60-70KD) BSA
pH40 9.0 , 1gG 5
pH6.0 DNA (5 CHO (Gab)
C 5
19G 19G 0.5-1.0M 30-50%
6 Source 15PHE
IgG”’
IgG  2-3% IgM  12% Fc N-link IEF
5
pH 1gG pH pH 8 pH>85
1gG pH buffer pH<3
2mg/ml
0.3M-1.0M NacCl
IgG 37°C




Lol [ ' Wi ERGRE TR E
& s 5 e ey B
| omdEE | e
Ler 1 e i § = (
g :::.l -—n (Gab)
i REEEE T L]
10T -8 B 7 ieTioars:. MaTIn o S iy
3 « 4
4,
/
/ , , HAMA ,
* 1-15¢g/L ( 90-95%) ProteinA G Superdex 200
Sephacryl S-300
5-10% (95-99%)
* 10g/L IgG
[o]€]
1~4g/L DNA A G
CHO/NSO ( /dose)
(>99%) 80% Protein A MabSelect
* 1-109/L Family
E.coli E.coli
(Fab, ScFv)
Sepharose 4FF
9,10
GST  HisTag GST
Sepharose Chelating Sepharose 1
12
13
Pichia
pastoris
*
* ; 14,15
*
90-95% (HCP)
DNA
( A
) /
A
2003 SFDA CHO
(NICPBP) 16 ( ) 1-
10g/L



Wave

17

1. Wave
( pH ) 2 Wave
(bo )
3. Wave
( 23) USPVI
31 Wave /
/ DO pH
3.1.1 Wave ( 6-7):
CHO NSO
) 4. GMP
(perfusion)
Wave ( 24)
Wave 500L
(Fed Batch) 18
312
Wave ( ) (
3121 GE HC
Pl h®
.-}i_gt_li-;r‘% Fi] —
tﬁ?’ F— ke
-- I_.él. 8 = -
- (0.22 0.45m
6. Wave
A
i




PEA RS EBRIS A ROULE:

1. P=FGZBELRY, RER, WEES (@B
ROEFRINEREMESTSIWL), BIGEAEEL
BERIURRF R0 623D — M

2. AR : PEAHIRZERMNEER T ELASRSIWWLER
ROFHIR AN ERNBE4RRA, A DHE T BN
IR (NFF) BIRA . PEFARBHSHRIEE, O
PUEDERMREREAE, MR,

3. BRI TASHEERS: P=HAREENC M RIS
IN NaOH 40-50°CAI& 7l NaCIOB)E L, MIMMBEMER
NEXR; THNARSE, WEBANFETIEPAS RN
o LN, REBDPEFLRITATLUETESERSE,

4. {XBILD . PLF4ERABIREIL)/] (Shear Rate = 4q/pr,
g-crossflow in cm?® (ml)/sec, r-fiber radius in cm) BYFF AT
LAE, MOLAMNESESESSVRIR, MR THE
BREMDTAESEU N THRED M, BN F AR
TEo

5. TZ MM ABLLIIRmIIR, UaRP=F4SEE8T
REeVREREMAMEN, JLLESBRIEIESE (R
R, TMP) AMNBREM RBVBRRIB R

6. T LMK BILARFUOMR. TMPESHIBE, I
B TLMEBIR, 4 AMEEY Grandstand RFANE S
AR, BRIEPEERANPZA 4LIRITRA
FEIKX 400 M? BE TR,

PETLMERE-—REBTRIE. PEALRRE. ER
URIRBRHRFGHFRENTNT, HRBBIRIERS
R —BRAELIRE OEFIBRERR?, BRI FRIETMP,
o4k E, RIBAMEEFOMDARE X (viability) BIFRE,
—RROOIRIESRM R ER 1mm ERNPSHEE, BN
4000~8000/sec, i&EiT ik 30~150LMH; 4bI%; &34 80~120L/
M EER (B9) . AENHSRFERBARGH LR MR IR
LE. BYN. EFREFSHEETHIL.

90% G E 90% G E 60% ARG ER
5x10° BRREE 17> 10" BRmBE 17 x 10" BRmE

ii

femeer w LT

&9. FOAREBEABRERFM T, RASUEH =L 4EIRAMNE
niaEF LA

FH#EHBY RTP (Ready To Process) CAZRAFAERIEFNSTAIT N
=, RETFIEFREBEIREIN, ATLULE Wave K NE§
HITESBVBRETIESR, H—DIENARBE, 85
£, FEBRAPTFLRBTUATRIAVBIRISS .

3.1.2.2Kvick R R B : B EMICSRIBVEIRIET LAUE
FH GE HCHJKvick Lab/Process RT{IR EIH{THRIRRERE P
RER (B 10),

i

10. RIVBBARRBRIRE (ZRABIRERERS, &K
gk 7.5m [RY, PEARATX 0.55 m* BIIREAS)

Kvick B TUREHITHUARSE / BPREROWR :

1. THRR: SHISNEEAINRERZIES XN, R
20HE, {XFA 0.5N NaOH & H AN =R IER EmovR
[Ro Kick RTVIERNSEMRIFBIRE, TJLUEA INK
NaOH 7t 40-50 B TRV SIP/CIP, @ RRABITIR
GRS INARMEIN ™ RBRE.

2.3, 219— . BEIR: KickRREIEEH—, B2
{6 50-100k MR R (HE AWM 30k [BE) HiTHk
REMARY, REER, KXDHETRIENE,

3. ZTFEMRK: BURAR. TMPESHIBTE, gME
BAMBRRIE IR BRI BN LR E T Hl
£ 500-700ml/min/ft2, TMP GILUZ&IZE 25-40psi (B 11),
AR IEFE R RIR ER R FTESRIENETES (FLUX,
SAFEAKBND)\IEVETRE LMH) FHESRITIBIEEY
HE,

P e
LI | Mg

£ WF o

Sample Fluz v Filbsle Yolums

- W T T u BB | Nidw

11. FLUX-TMP SR (£) RIEEEMIC ™ (T)



AKTAcrossflow (

UNIFLUX

( 12)

(

12.

10

UNICORN

13 )

13

)

UNICORN

3.1.2.3 ULTA Pure SG %

14 Kvick

15)

NFF

ULTA Pure HC %

ULTA SG

7log

(
ULTA Pure 0.22u

—
ot
14, NFF

[55)

m

[
$1=
-
i 8

H

L

] 0 2 ) . | -

RN {00 o2 | I T W L T

15.

313
3.1.3.1 Protein A Sepharose  rProtein A Sepharose

70-80% Protein A Protein G
2 A (Protein A)
5 IgG Fc
A
95%
1 A 2 IgG A
IgA IgM
(Native Protein A) A (rProtein A) [e]€]
Fc A
C
[o]€] A IgG
( )
( )
3.1.3.2 Protein G Sepharose 2
G G Fc
A Fc
A G lgG Fc
Protein G Sepharose
IgG, IgG IgG



Fab F(ab’),
3.1.3.3Protein A Protein G
A G
AKTA
( 5 16-
19)%®
rProtein A AKTA
(scouting)
NacCl NacCl (0-3.5M)
NaCl 2.5M
rProtein A AKTA
pH (bufferprep)  pH ( pH<3.0)
7-25 pH,
pH pH 4.5
’ 31
Superdex 200 (scouting)
(1-5%
sl | PSR e P
| e T
| | e
EEE L -] _|I"-\._II__ ) .
ek s | M
oy Ly
ol 4 L i_ I
;'11-.'.. o |
™ 199 e | -'H._ T
1B HE e M e e [T W om
16. AKTA HiTrap rProtein A FF
65
60
55 /
. pH 4.5
45 ‘;
40
35
30
170 190 200 210 220 230 240 250 260  ml
17. AKTA HiTrap rProtein A FF pH
pH pH74 pH30

Vol w0 Ll Tl
e

18. Superdex 200

940Kk -

67.0 k i = -
- -
L

43.0K e

30.0k R i

20.1 k - -
14.4 k = -

Lane 1: LMW, Lane 2: Starting material;
Lane 3: PrA elution; Lane 4: PrA Flow
through; Lane 5: Polishing-Superdex 200;
Lane 6: LMW

19 ( )

rProtein A
Superdex 200

3.1.3.4 MabSelect —— A

32,33

MabSelect
Agarose) A

(High flow

Mabselect
1
Sepharose 4FF  6FF

( 21)
IgG A

500cm/hr
20cm ( 2.4min)
MabSelect >30mg IgG
( ) A
20 22 A IgG

3. rProteinA
FF Mabselect

DNA



IDEC 34 R. Hahn*
Mabselect CHO CHOP ( )
A ProsepA 7 %

Robert L. Fahrner Protein A

A DNA Prosep A
30%%

A MabSelect

A
A

MabSelect

60-
80
36
1.0
0.8 4
- 0.6 4
1
0.4 o
MabSelect
02 1 Product A
10% Breakthrough roduc
_________ Product B
0 : ; -
0 25 50 75 100
Total amount of higG applied (mg/ml adsorbent)

20. A

- rProtein A
O/\'/\
OH

21. MabSelect A

IgG

60 - MabSelect

50 Froduet 5
E 40 4
£ 30 4
[
Z 20 4

10

0 T T T T
0 200 400 600 800 1000
Mobile phase velocity [cm/h]

22. (MabSelect
20cm 500 cm/h 32 mg higG/ml)

7. MabSelect
CIP A
(CIP)
NaOH
MabSelect CIP
50 mM NaOH + 1M NaCl 50 mM NaOH
+05MNa,SO, ;
0.1M 20% SIP CIP
CIP
CIP
CIP A ( 23)
Mabselect CIP (50 mM NaOH + 1 M NaCl)
( 24)37,38
||:|:|-|“'-I - i -1"_1 " i s
23. (CIP) :

Sigma 2003, NaCl>99.5%, 5 kg; NaOH>98%, 1 kg; Urea>99.5%,
5kg; Gua-HCI>995, 10kg 3¢

e e e L
'WM-I-I;.
. " 5
B e L T gy | ]
Kk I Il I
| i
24. Mabselect 5 CIP (50 mM NaCH + 1 M NaCl)
1-299 95-100%%*
3.1.3.5 MabSelect Xtra —— A
39
Mabselect Xtra A
41mg/ml
( 2.4 min)



Mabselect Xtra Mabselect 0.1~1N
(high flow agarose)
(75u)

(29

40 min

\

*
MabGelect™

(CIP)
SIP/CIP

ute in GuHCI

3 Hour in GuHCI

Treatment with 0.1 M NaOH
40 min

3 hours

25. Mabselect Xtra A EN D BARTEL e 50
“ T |F:.=|IJ::-I|T:}::“ vikrd - e e s e
—— ey raki |
R.Hahn # Mabselect Xtra Prosep vA - |
Ultra A K.Swinnen % ol ] Cys  Befie Ligend for Hobwslect Suble
A Mabselect 27 SuRe
Mabselect
(Robustness) Mabselect Xtra A NaOH
Mabselect Xtra CHO HCP ( )
A 10 = NaOH (  26)
( 23
Mabselect Xtra Mabselect
Sepharose 4FF A 5 Fc
50mM NaOH + 1M NaCl CIP 0.1M in 20% IgG Fc
SIP B domain Asp
40 ( 27) SuRe
Ligand
3.1.3.6 Mabselect Sure —— A Mabselect SuRe A
44
Mabselect SuRe
(SIP) 1. Mabselect Sure 0.1~0.5N
DNA 0.5N /
CIP/SIP



Mabselect SuRe 0.1N NaOH 15min/cycle

“ - 200 ( 28)
A 44
k. - e = T - FLPLER 1
1abSelect SuRe stability with NaQH
#
[ERTTE T S e
g e LS - . i !
]
ge1 e
= ",
]
E L Mobselect
T 2 M MaOH 15
E i o # 18 rin oot time wikk 00 M ReilH i opcle
£ ® 8 min oo tme wikk 08 M Red#E | opcle
= & 15 pincaatici e &EF LS M Nald | opte
E & 16 i ot nienE AR G0 M RaH ol
5 i [TTLE S = T R R TTer T
E ¥ AErein cordec] bres sith 101 M FaH | eyele (18 X4 1M ey
m ¥ T T T
) 1 &2 40 MmO 10 1M 18] NP 18 MR
8 Mumber of CIF cycles

‘Cornperiration ol leached figand
{ng gandimyg gt

130
el o
B
8.0
40
20%

L NN S NS R L mE

Al e s
o800 & A
FusfisalenTIP cpdas

T8 e an an 50 B0

28. Mabselect SuRe ( ) 0.IN NaOH 15min/
circle ()
R.Hahn A
Mabselect SuRe
HCP ProsepA 10
43
2. SuRe
Fc
Fab
rProtein A
Mabselect SuRe pH
pH
46
3. pH Fab
( 29

-10-

P i f
x 364 ) e f’f, L
X ;
i8 : T
Mt Seliect SuRe
29. Mabselect  SuRe
1) Time 0
rProtein A 2) 18 hour
SuRe ligand 3) Control
30. SuRe
4. SuRe SuRe
7 30) (<10 ppm)
1-3ppm %
Sure
FDA A
Mabslect SuRe A
45
A
( CHoOP IEF ) Mabselect 46
3.1.3.7 MabSelect SuRe 48
Lonza Biologics (CMO)
20,000L
Mabselect SuRe ( 26mg/ml
>500cm/hr 2.4min )
( cycle 0.1M NaCH 15mins 100 Cycles
DNA A
) A ( 5.4ng Protein A/mg )
1.4M 20000L
A
MabSelect SuRe
MabSelect SuRe



Cell culture

Call remaval

MaobSelect SuRe™

Wirus Enoctesation & Filbrotion

CIEX Capha’s ANEN Cosgrba O
|

AIEX Copto Capta adhers

Bl far Fanal Fitration UEDF

33.
31. Lonza Biologics Mabselect SuRe
3141
314 Capto Family
Capto (High Flow Agarose)
A
95%
HCP DNA .
( 32) SP Q Sepharose FF CaptoS Q
Capto Adhere
€% (34 capto 60cm
500cm/h ( 30cm)
( 35,
i 300mm 20cm )
= ]
- HE £ f
¥ 7 o
' - fu*.s—ﬁﬁ,:rﬁfr i
o1 AR £ P& —ib
MR ¥ o A S8 T £
¢ o . e : Copte G
AR, ST R A i |
AE S A ; .
If = ; — g ;_vﬂﬁ:u-r:'.(_'l 151 Flioer
-ff.‘-'p : 2] -
& -
32. Mab =
a ¢

i 1 7 i i % b ¥ i

= he e B mee bimend

34.CaptoQ Q Sepharose FF

-11-



:_:\_ B --x-" .
5 B0 o . ol
L L ,;" -
-
A E,HJT
g | 3 i
Fressurd Do
35. Capto -
3.1.4.2 Capto Adhere —— (DoE) HTPD
2007
GEHC :Capto
Adhere
Capto Adhere
(N-Benzyl-N-methylethanolamine) ( 36)
50, 51

(Design of Experiment DoE) Capto Adhere

A

MabSelect SuRe

Capte™ adhere

36. Capto Adhere

m-Barayld-nEiytetharolamise

Capto Adhere
>90%
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- |
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33
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b o o Loading conditions e - B (C‘::'I[g »
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levels(Protein A pool)
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332 ( A)
A
( A ELISA
) 60 ¢ ’
(spiking challenge)
A A-lgG
A-lgG
A-1gG
A
20 mM Tris-HCI  pH 8.5
0.25 M NaCl (20 mM Tris-
HCI pH 8.5) A
A-lgG
Capto
Adhere A
A ( 44
pH A
[o]€;
pH pH

61
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Superdex 200  Sephacryl 300

A-lgG
150kD I9G
34kd A
Capto Adhere A
Column: HiTrap SP HP 1 mi 107
Sample: Purified antibody (0.61 mg) spiked with 008
recombinant protein A (1.8 mg)
Binding buffer: 20 mM sodium citrate, pH 5.2 0064
Elution buffer: 20 mM sodium citrate, 1.0 M NaCl, pH 5.2 Protein A
Flow rate: 4 ml/min 0.044
Gradient: 0-45% elution buffer in 15 column volumes
0.0 5.0 10.0 15.0 vmum:&:)
44.  HiTrap SP HP lgG2b protein A
3.33 /
SFDA
/ 16
101log
/ ( /
4 log ) / pH
s/D( 7/ ) A
3M KSCN
13log
62
pH pH 3.3-3.8,
45-60 min® pH
pH/
pH S/D 64
pH 10log
( 45) / Scale-Down
( buffer
) Spike
Protein A Sepharose 4FF 6M
300
37




Clarified
et B I B i

Harvest

Protein A Low pH Capto Nano-  Concentration
Affinity incubation Adhere filtration ~ &Dia-Filtration
MLV: 5-8% >6 3-6 >6
(logs) >20 logs
45, /
334
HPLC
ELISA
(IEF)  HP-CIEX
DNA (Q-PCR ) HCP (Elisa)
A (Elisa MabSelect SuRe
Repligen ELISA )
(Consistency)
Trypsin HP-RPC
NICPBP ( )
16
ELISA (
) HiTrap MabSelect SuRe
Biacore
Superdex 200 10/300 GL
Biacore
65
Biacore

46. Biacore T-100
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41 IgM
HiTrap IgM Purification HP
2-
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66

(IgM Affinity Chromatography Handbook AC
Page 38 Antibody Purification Handbook AC 18-1037-46
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47. HiTrap IgM IgM
HiTrap IgM
(1) 0.8M ( )
0.45 M IgM
10M;
2) IgM 05M
fo]€] [fo]€]
Protein A
(3) IgM 30%
IgM
(4) IgM Protein A
IgM
4.2
SDS-PAGE
Protein A
Sepharose 4FF  Protein G Sepharose 4FF
66 (
Antibody Purification Handbook AC 18-1037-
46 P51)
51 67
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48.

'S

CaptoQ
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50. Fast Trak

52
68
11
(51
Sephadex G-25
v
S Sepharose FF
Sephacryl S-200HR
51.
Sepahdex G-25 60cm,
25% 240 cm/h
3-5¢cm 2-5mg /ml
300 cm/h 6-120 cm/h
2% 15cm/h
53
Phenyl Sepharose HP
IgG1 -IgE Mab 0.63 mg/mi
Phenyl Sepharose HP 95% 78%
Superdex 200
99% 20 XK 16/20
100 BioPilot 35/100; 300 BioPilot
60/100

Process design

Cell culture

v

Filtration
Through filter paper

I
Addition of (NH,),SO, to
optimized concentration

v

Hydrophobic Interaction Chromatography
Phenyl Sepharose High Performance

v

Concentration
Membrane concentration
or
lon exchange chromatography

v

Gel Filtration Chromatography
Superdex 200 prep grade

IgE lgG1

52.
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Column: BioPilot Column 35/100

Gel: Phenyl Sepharose High Performance,
10 cm bed height

Sample: Hybridoma cell culture supernatant;
mouse IgG,, anti-IgE. Ammonium sulphate
added to 0.5 M.

Sample volume: 735 ml

Sample load: 4.5 mg Mab/ml gel

Flow rate: 100 cm/h (16.7 ml/min)

Buffer A: 20 mM potassium phosphate, pH 7.0 +

0.5 M ammonium sulphate
Buffer B: 20 mM potassium phosphate pH 7.0
Gradient: 0-100% B; 10 column volumes
A280 nm

.50 +

40

.30

.20 -

.10 -

.00

0 Time (min)

53. IgE IgG1
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