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Table 1 Present or potentially useful plasma therapeutic products and their major use

M (meL) I FE 36 o AT
H#EH 45000 LS O TR o o 1R =R TN G %
EERkE-
=G 8000--11000 TRy B RS A BRI A Eh R TR, | A R A R
M 1300 W55
IzA 2700 Hindig
AN s T
PCC Z A A4
F I 0.1 PRI A5 AR 3 Kby A
F X 34 AT A2 S IR P B F T A HoAl I = 8
F 1l 0.5--2 F VBERES (& 01 BT
Pc <3 HE C A ()
F vl jd ik BT F VIl F DG )5 D A i 2= 4
e H I 200~ 500 LB e i 0 3R L IILAF
F i 1—6 F aehfs (e )
F X1 23 F Mk (M)
VIWF VIWF by (I
H H A
AT I 80~ 300 FEST AT IR 2 5 |2 A o 2 it
al-fL R E A 1800~ 2800 i S
C1 s i ) 240 18 f5 1o T 10 S P
HHEHEEERED 300 W MLAE PRI R & 0F

it -PCC protlwomibin conplex concentrate & (1A% 7 H & ¥0emi 44 .F WI(Facter W0 [EF WI:F 0L AT DGF VB W00F XA 0 F Xm-[FE
v WE - von Willebrand facter . U544 014 #5 T Be : Protein C B C
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MFAEANSEENHE, BT L4040, Heohn® NFrE L KRR Z BRI
Wik KR ZBEYTIRIR 2 T 5% B AL 0 7E LB VP F i B R 2 57 T SE L3 A
SHIEAEA—IRE R BB, BRTRARFRYE, EHEFRE. BRNE &
TIIAR=, FRAMRFEARGEE, FrilgLasod, 70 ZNH.

ZFR 5 TEKD) | FHA IEH & & (mg/dl)
HEH (Albumin) 66 4.6 3500~5500
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A T2 (HAe)

i 3%

PH: 7.0~7.2, ZEENZE8%
v ‘ZEE '1.5°C~'2.0°Co %‘L\s‘

Aoy 1 JT%& Moy 1 YT

PH: 6.9~7.0, ZEEINIZE25%
BEE: -AC~-5C. Bl

v

Ao T+ EER 204y 11+t

PH: 6.0, ZEN%E40% CHI&FHRD
i B -4C~-5C. B v

414 IV W ATUIS

—— Hr IVITTE
ﬂﬁ“
PH: 4.5, *MINBSERSH, ZBEZE40%
B|AF. -7°C~-9°C, B v
éﬂﬁ’V“ % YA ey
ES KB, PH: 45. ZEEINE12%, \®E: -2C~- IV LW
3C, LIk,
afi

HEH R
TEBE A F20%, BB T RH150mmol/L, HESEEAIRE $0.165 mmol/g
EH, PH: 64~7.4

BRI BRESS; 30CHRI4R; —IKITR.
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I SR ZWATR

H & H R
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Al — SephadexG-25CHit £k

DEAE Sepharose FF

— sephacryl S-200

haad

=S
H,

2

A T2 (BEHG)

EREATIE ——

CM Sepharose FF ——+ 55-57 CHuh#

60°C 10/hf — HBHHEH

HEAF =R AR AL EEE98%, MWHKEZE MK, —BAE<L. 5% B mREER
s (PKA) fKT1010/ml (IE5IEFRERN) , BEFEEHRDST200g/L, NFE

<1:[U/m]. ’

SEERFAFDA FIEU (BRMNZGHL) MK,

F: MREARSAAEEAR. FHEBRAFEERTHESY, BEREFFEBRESSEH AT
mﬁo
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VRO WY [ R ML S5 56 = CSLAN19954E /N H FHIRE B ™ T i LR KK EEBE B
HePRek, ZAETE SR AL EE R ) 500ME L 3K .

HATIR FI Cohn ¥2: 5 EHTIESG &1 T 2 FIT+ITT_E3 B ST ie 3R B 5 /5 {8 5 DEAR
Sepharose FF. (M Sepharose FF BB TAS#ubkES, —#Sephacryl S-200 High
Resolution IS EEITARE] A E HHIMW.

MCSLI A= H & B Edward M. SmithsE4E7E19994 58— f [ b ML ] it AE P BR X
ERFHIRSCATE, ABATRAXM T Z PRI 1400 MM, BAH G GAJEAPKA
bR, FEEBARNTER L2471 B sh i film> T Cohn 9 i F THAMET KM BARAT
NG R L2143 Dbz F T2 KIR S B T BFIA JURPKA. DL/ B RBGEAR A S
i it BT RS
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1 A2 i A FH 73 i i i 54

2 FAEHARKIE R T B2 m i A7 A

3 A —NEN L] MRS SIRE LEE) X BB 1T A KR 2B E &

4 BEERAERFEH 24726 g/L

5 BFRR AT Kr= ] FEA R WA /= IR0 T #T, REMRETERERR
BEINAEF B E BIR], iR LS Cohn EZE AT ENINA A=A RKZ KM i A BE5E iR
BUE, BEITHARR — MR E N 77

6 LWL, EIFKHmEFERRATELEAEREL TZELKN X LA BRI ZHrEER
A, CSLEYIVIGEMTA~S g2 — A 78R B 7. XHEMEE 7 CSL HEHE
TEARFRAL H ENTEARA = H B M H S E L. EXETMIIERE T EMEEEH
TEWRF L. 5% KA13 W EE10ppm [RAKHIFWIE KPKA B T 250 i T4 &
AT AR SR B A R R AL .
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K1, {RIE 550 5 A\ ML 2Z 7EDEAE Bio—Sep

FFE: I FRI4E

AT 0. 02mol/L BEFRZEMW (pH 6.0)
1. H151-1: EEEEMAEREHS

2. {4r1-2: Z#%EH (0.02mol/L E&EFRZE
M +0. Imol/1 Nacl , pH 6.0)

3. l1-3: F—EgmRETFEEH

(0. 02mol/L FEEERZZ M +0. 3mol/1

Nacl , pH 6.0)

&l2. 444y 1 ~17EDEAE Bio-Sep FFH:II_Lf4y
B

SEHTR : 0. 02mol /L EEERZEMWR (pH 5. 2)

BEIT-1: FHERBEREAS

i II-2: §EEA (0.025m0l/L FERRSEMH
W > pH 4.5)

-3 Z%EA (0. 15mol /LEEERLE MK,
pH 4.0 )
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&l4.
L AM3, 2. 44 1-1, 3. A4 11,
5. 41II-1 (A&EA) , 6. WmAIHEH, 7. ARAEE

K5, 4 1I-19% 3 & 3 RHPLC 4T

&3. 4443 11 -27ECM Bio—Sep FFAEIN E )45
S 0. 025mol /LESERZE M pH 4.5

1. A5 -1: A&EB (0. 1lmol/L BERBZEMWK,
2. 40 1M1-2: 2% A ( 0.4mol/L BEEBZEMWA, pH 8.0)

pH 5.5)

— S N KT SDS— 2% TR i Bk e e e FEL ik
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A& E (LEE) , EREd=2EHaE &K rsin, H
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xitgeid NUIK R AT Ja B8 214 50 IVEET 70 i i RO 202 EL %
1 100%-
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ZHA91. 4%,
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SREREARDEDMN (WTED « XREOWET PIAKDERRHRAR
RERG, MAMEERG R, SPERIUIRRRIRRE, RIFERRE
BHIEM.

EEREREAXHAMRES, BRI RERER, XAILRE
Bf, EHEKERSTIEANRRMN. B0t T25 HERAMATE M H] % BB ER

HHAK 5+ (KD) IEH &8 (mg/dl) SR 5

IgG 150 1250 PH6. 85~7. 5
IgA 160 210

IgM 970 150

IgD 172~200 3

IgE 188~191 0.03
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M3 — SephadexG-25Cflith —— MBEEIE ——

DEAE Sepharose FF ——— Q Sepharose FF CM Sepharose FF

—» S/DAbFE CM Sepharose FF IVIG

FAEAEF= 16 B AE R T99%, WHRAL% MEZEMAE, PKA [KT1010/nl , X5
R R R ARRE R T L 5TU/L , Wi B RS R T REEMR. RBE R Rt
)R BB R IE R IVIG K IATBUE Rl 2 W8S TGk if = A 8447 Fr B il i s e ME ) E 2R
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IVIGZEi{r T2, (Bayer corporation, USA)
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R BT
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H: ST 2B 7 #KSepharose FF #E Z 7 7 Sepharose FE

JBe, FH AW B Rl 2l B H RS BITeA K&

—STgM ;B AMET R TR FF1# 1 Sepharose FF
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I AR HRIGTT & Pt K E 2 AW A R . B o i 2 i BRI 3RV 7, (H
X132 2% N B BR T RO AN AR . 604E4R  HiPool SR T I ¥ UTTE B & B 7 VI
M, WIT T L AT R BT L2 T,

19674, Hershgold & e & HEFVI. F&wt5, BFVInFREAfe&ksrVl: C,
A IE F R I A BRI 5, A A SCHURVIIR:Ag,  FT 4 T M 4 AR At L A5 B H
I 1E) . B0 B 40 F AL & A B VI C5 i B i /2% (von Willebrand’s disease,
VWD) JE AFTERZ KVIIR:Ag (VWF) ZRMARKEBR, MiIEEAR T HFIE
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FF JHema Sure Denmark A/S T.J H1993% DLk
KB T4 E4FVIII 7 ih4&Nordiate 7y
e

PR R I3 Bli4Y. J5 38 33 Sepharose 4 FREERTE
JekE, BRBWILIMEFVIIL, P B LAIIRTF60%~T70%
ZEMIFVITL, [RIWbAE 48 VA DTTE T2 R40 % ~50 %
2. HitQSepharose FFEBRIBAKIIgG FlAlbumin)g,
R HATS/DIEKIENEEEW T, HISP Sepharose FF
F RS/ DR — B alith, Zadfiih. BIBIRGE AR
TJ5, 80°C T2/hIKIERTE, FEHIMN. BANTER]
PA#33)200I0 FVIII/LIL3R &3 A0 LY 430010
FVIII/mgE H K R4EFVIIL,

Sepharose 4 FF

() Sepharose FF

SD -1

SP Sepharose FF

8OT 72 4|~

—+Alb IeG
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(Kabi AB, Stockholm, Sweden)

Human plasma (4x1000 kg, frozen)

40001
Cold precipitate (0° C)

Repeated precipitations (+10° C)

Virus inactivation (detergent)
1001
MAb-Sepharose®Fast Flow (3 1 stainless steel column)

Anionexchange chromatography (0.5 1 -"- )

21
Formulation (2 1; 1000 doses of 2 ml)




VWFR2itl, (V%

Frasn-frozen plasma

Cryoprecipitation

—

Al (CH), aaserption
cold precipitation

SO treatment
SD-treated
crycprecipitate

1st DEAE-fractogel

r , |
d ~2 52 0.15 M NaC! 0.25 M NaCl!
Lnoeun 4"2; Scta (1st vWF eluate) (FVIIl eluate)

fraction

| 1
Unbound 0.17 MNaC!
fraction

(2nd vWF eluate)

Gelatin-Sepharcse

" Unbound fraction
(highly punfied vwF)

.. 3M urea
- (fibronectin)

R K

Formulation
Stenle filtration ) .
"/ Freeze-drying Tler L

VWF concentrata "~ - T - ST

e L T

-Fig. 1. Purification process of vWF.

2nd DEAE-fraciogel

& H /R T.Burnouf)

Table 1. Characteristics of the vWF processing

Processing vWF:Ag vWF specific vWF Purification
steps content  activity recovery* factor®
X U/mg UCBA/mg %
i Initial

processing 1.8 1.2 86 120
SD treatement 1.8 83 120
Ist DEAE-
fractogel 65 65 37 4,500
Ind DEAE-
fractogel 182 300 41 13.000
Gelatin- o

345 40 14.000

Sepharose 205

" From cryoprecipitate (based on CBA).

I Refers'to vWF: Ay from stzrting plasma.
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N Bk )5 2 59 ( Prothrombin Complex Concent rate , PCC) J&—h itk
SATE, R I YR 1 L M AR, AR LR 7 I GRRERR)  BEME FVIT (Fase
F) \ BMEFIXGRZEMAREF) A FFX (5 SRnEIn X2 4K
TR EK (ERFIE & Bt LR 7, BRI AR A “4EEZKIKBIE T~ - PCC JBHEE A,
S F B E R R R R A Y REAEM( Gla) , Gla BRAUESEBEF4E
HERRER, BN EMRKBAERKRLE TREASEBE FEA MR, KBidE
FKBILKN 7 55 746 B REWRBER, W55 H S5BEIRRS & RRHE, It S
5 MBREE I RE . OB RK SR TR 2 ARECRE (R) , BT ES
P FIS RN b 55 BE R R 2R B R TRV
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PCC (BILBFRE &Y FEHTRT BN HIEWE. 72BN, mTHEK
PRIRE, B KENAAERARIFES KR A, BEEEARINE, PCCHIMEHRIEERE
. ERAFIXK T ZRBET ERRAMERPE, MEMREFKIPCCAETZ, E-RRK
B )7 L L Tl P B8

%1 Pcc HhE#HLHETFRMER

Eff AFEGD) 0 BEE(%) SRV Ga #ifi Fe(PD AP FRE R (me L)
FII 72 8 579 10

4.1 72 150200
FVII 50 13 406 11 4.0—4.6 46 0.5~2
FIX 56 17 413 12 4.0~4.6 2456 35
FX 39 10 448 11 41—4.6 45 —72 6—3
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PCCHBELE

wFpecaitb 2 FHTGHLER R, W B BN FACRABRES . SR EBRI
H-t+ERFEFRHENRFIA, WDEAE-cellulose. DEAE-Sephadex A50%5FHEE 13T
B, FAIEPCCHFIX & EisH23~2910/ml, HFRiEM:—MAE0. 7~1.0
IU/mg, AHXT NI A4 T50~1001%. ZRT 282, IMNLAEE D +F B
GU LI Wickerhauser M. 19724E & R (K T & 451 368

vox Sang. 22: 137-160 (1972)

Development of Large-Scale Fractionation Methods

11. Isolation of a Factor IX Concentrate (Prothrombin Complex) for Clinical Use?

M. WICKERHAUSER and J. T. SGOURIS

n Red Cross Blood Research Laboratory, Bethesda, Md., and the Michigan

America
Department of Public Health, Lansing, Mich.
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I. DEAE-eluate )

18-20°C  Cohn fraction III frozen paste
4 volumes 0.03 M sodium citrate,

pH 6.8, 4% PEG

...................................

Precipitate P-] Supernarant S-1

Fibrinogen, plasminogen, 18-20°C  Batch adsorption

lipoproteins, and some others on DEAE-cellulose

(discarded) 'f

Precipi’tare P-2 Supernatant §-2

4-6°C DEAE-adsorbed prothrombin complex DEAE-unadsorbed
washed with the originai proieus: igG, iy,
volume of 0.03 M IgA, ¢,M and some

sodium citrate, pH 6.8 others

(discarded)

................................

Precipitate P-3 Super:iarnf S-3
4-6°C Eluted in the column with Washing
2 bed volumes of 0 5 M NacCl (discarded)

in 0.03 m citrate, pH 6.8

DEAE-eluate (prothrombin complex)
Lyophilized in bulk
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BRZFIX B LR AP N e s et i by R 2 &

YEIRYY, (ERZEEYT R —SBUiie Y R RS T IAE LS

Sz MR LAR, DRI, NS HAREEL R WIFTT. FVIT

MIFXH = 20 EFIXE A F5 KU B Y] . BT AR DEAE Sephadex A-50

A FIXRIWR A= AR A AT T o

19894F, ¥:E B /R#mH.c» (CRTS, Lille France) SD st-H

FJBurnouf &Michal skEMNH T —Ff B KA f= h

B BFERERE LZEAN=2EME (e’ , F DEAE Sepharose FF

AT LI g P3E45320+ 28TUMKIFIX, FH4s RvE ik

119410 1U/mg, FIX: AgyhiEEH B ERIT5%, RAKH Heparin Sepharose CL-6B

AT ISR AIT0000, FAEILEIRHEE.

B TZTZMmMA, —Higk 1 ErdiE, £ 4l FIX(>100 TU/mg)

TremmgiE. & B TEAKELZEE S, ARE
5T P
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Inactivation and Clearance of Viruses During the @
Manufacture of High Purity Factor IX

2 Johnston', Andrew MacGregor', Steven Borovec' Me?han Hattarki', Keith Stuckly’,
David Anderson?, Neil H. Goss', Adrian Oates' and Eric Uren’

od. Bioplasma Division, Research & Development 189-209 Camp Road, Broadmeadows, 3047, Victoria,
Australia. ?Macfarlane Burnet Centre for Medical Research. Melbourne, Australia.

pstract. Haemophilia is a bleeding disorder characterised by a deficiency in Factor IX. Replacement
erapy in the form of a Factor IX concentrale is a widely accepted practice. In this paper we describe a
wbic wrus inaclivated chromatogsaphic process for producing a high purity Faclor 1X product,
snok X~ VE The process iwolves separalion of the prothrombin complex by cryoprecipitation, fraction |
cipitation and DEAE-cellulose adsorption, further ion-exchange chromatography of crude Factor 1X,
od by solvent/detergent treatment. ‘Heparin affinity chromatography is then used to further purify
IX. Final nanofiltration is sequential through 35 nm thén 15 nm membrane filters. The principal virus
aclivation/removal steps are solvent/detergent treatment and nanofiltration and the partitioning of
devant and model viruses provides further reduction in virus load through the production process.
olventidetergent treatment was shown to achieve log reduction factors of 4-5 for Hiv-1, 51 for
indbis virus, B-1 for vesicular stomatitis virus (VSV), 5-1 for bovine viral diarrhoea virus (BVDV) and
3 for pseudorabies virus (PRV). BVDV is a model for hepatitis C virus (HCV). and pseudorabies virus
PRV), like hepatitis B virus (HBV) is an enveloped DNA virus. Using scaled down models of the production
iocess, we have also demonstrated the neutralization/partitioning of at least 6 logs of hepatitis A virus
HAV) during cryoprecipitation, Fraction | precipitation. and the DEAE adsorption and elution step, and a
uther 1-6 log reduction in HAV load as a result of heparin affinity chromatography. The log reduction
aclors for HAV as a result of the second ion-exchange chromatography slep and as a result of enhanced
sutralisation associated wilh solvent/detergent treatment were not significant.
‘Nanofiltration was shown to contribute a further log reduction factor of 6-7 for HAV and 5-8 for BVDV
dicating that log reduction factors of this order would be obtained with other viruses of a similar or larger
ize, such as HIV, HBV and HCV
Overall, these studies indicate that MonoFIX®-VF is a product with an extremely high level of viral satety.
© 2000 The International Assoclation for Blologicals

ey wards: Virus inactivation Facior IX, virus partitioning, nanoliltration



Cryoprecipitation |

i

=
Fraction I |

precipitation |
22l )

Supernatant [
v
DEAE exchange ~ *= FIX depleted supernatant |

i Crude PCC
o b

pH adjusted
conduetivins
(n"_f'u-“'

ey
Anion exchange
Anion exchange eluate
, S
Filter

Pre SD bulk
v St

Solvent detergent
Vi

. 8D ureated FIX
Y :
Hepario aflinity
Heparin affinity eluatc
\{

Virus filtration

Virus filtrate

Formulation

v
Final product

Uy A 0 .
e 1. Flowchart for the manufacture of MonoFIX"

Table 3. Specific activity of Factor IX across the MonoFIX *~VF process. (Mean + SD,
n=2)

Sample Small scale Production scale
Specific activity (IU/mg)*
Cryosupernatant <01 <01
Supernatant | <01 <01
DEAE eluate nd 3309
Anion exchangoe eluate 29+13 4-5+0-8
Solvent/detergent treated 34+05 34+04
Heparin affinity cluare 48 £+ 20 78+ 11
5013 5244

Virus filtrate

* Netivity (10Ut /prowein concentration ong/ml) nd: not determined.

SEpRAEFERAR AR, FIXAMMHPCCHZifhiiR. 4K
L JESE S AN RE, 20542 35nmA 15nmidt 3.

7= fn 7R PRAIE BV B L T s [FICZE AT 3R 80790%

ZLELSRERY, mHE ARSI RE LR M, 10
590 & F A #FIDEAERR 21og IR B, BEHHIREI B R B
IREH, AMUNSZHMT 55 R BN
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Fraction I -3
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Purification of Antithrombin lll from human plasma (Cohn |)

1200 | Cohn | supernatant
(5% protein, 8% ethanol)

Particle

500 I/h at 0°C (45 cm/h
filter (2 um) ¢ )

Pressure drop 0.03 MPa

Pl -
0.15 M Nﬂm::lﬂeparln-Sepharnse@ Fast Flow | | th:?'?faé?;::;

2.0 M NaCl (120 cm x 10 cm, 113 ) tion. Residen-

ce time 13 min.

+
100 g protein/cycle
(85% of the dynamic capacity)

Desalting
Cation exchange chromatography
Heat treatment 60°C, 1 h

Formulation

i

Antithrombin lll drug

Courtesy by R. Eketorp, KabiPharma AB, Stockholm, Sweden
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EtrERXEASEFRNA (T.Burnouf)

M EHERSEFH TR, B soRATAE S HE B2 B4 h 5 2]
NH], AR SRR KA TE R KR -

Table 1
Chromatographic methods in plasma fractionation

[on-exchange Affimty Size-exclusion Immuno-affinity Hydrophobic
7 ' interaction

4939
Factor VIII v +[5) + +(22.23.28]

Factor IX F+[9-12] +[9-12] +[24.25
Antithrombun 1 ++|18-20]

Von Willebrand Factor “16] ~[6]

Alpha l-Antitrypsin +17.8] +[%]

Albumin +[17] +[10]

1gG +[14]

Cl-inhibitor ‘16 +[27]
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Fibrin lasma
Cryoprecipitate ~ Cryo-poor plasma

} 1 ' ~hrombin
' FYVi ~1 inkititzs
F‘. - .‘.?'.'_.

vfir:: EtOH
Fitrincgen l*.——‘ﬁ;lphz 1 A7
— EtOH—
G AlTumin

' chrometcgrzhic stegls)

Fig. 1. A modern fractionation scheme of humun plasma.
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. chromatographic ......3 Ethanol A2
cryo-poor plasma > adsorptions ? fractionation

Whole (e.g. DEAE-Sephadex) N IgG

Plasma cryoprecipitate / \

dependant
Suspension coagulation

clarification factors

|

AI(OI—I}S adsorption

l

Viral inactivation treatment
(e.g. SD or pasteurization) °

|
¥ J

Toyopearl DEAE 650 M VWEF . VIl € >4 M ab chrmnqupﬁy{ YWF VIl i c

L] ¢

Fibrinogen|  F VIl (> 100 1U/mg)*®

Toyopearl DEAE 650 M lon exchange chromatography
Gelatin-Sepharose Formulation (albumin added)
[
VWF F v B

(3-10 iwmg) *
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