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DESCRIPTION

ULTRAPURIFICATION OF FACTOR VIII

Field of the Invention

This invention rglates generally to a method of
separating and purifying factor VIII procoagulant
activitf protein. More specifically, high purity
factor VIII procoagulant acfivity protein is separated
from von Willebrand Factor by a two step chromatographic
adsorption and concentration techniqué,from.plasma

or concentrate.

Description of ‘the Prior Art
The isolétion of the antihemophilic factor from
blood piasma‘hés been described in the literature.
The precise structure of the antihemophilic factor,
also referred to as factor VIII, has not yet been
identified, due in part, to the unavailability of suf-
ficient quantities of pure materiél with which to con-
duct further'stﬁdies. The limited availability of
pure materialrahd its existencé in a dilute state has
also hindered its use iﬂ therapeutic applications.
Factor VIII procoagulant activity protein functions

to correct the clotting defect in hemophilic plasma.
Tt circulates in plasma complexed with the von Willebrand .

factor protein. The latter éan alter the platelet

- function defect in von Willebrand's disease. That por-=
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tion of the factor VIII von Willebrand factor complex

%

having coagulant activity is referred to as factor VIII
procoagulant activity prbtein, factor VIII - clotting
activity or simply VIII:C (the designation of "VIII:C"
will be used hereinafter to identify the portién of

the factor VIII molecule with such clotting activity).
The other portion of the factor VIII von Willebrand
factor complex having the ability to correct the plateiet
function defec£ in von Willebrandfs disease is referred
o as von Willebrand factor, factor VIII - related
antigén, VIII:Ag, VIII:RP factor. (The description
"WIII:RP" will be used hereinafter to identify the
pl;telet correction function of the factor VIII mole-
cule). Alfhough,yeﬁ unproven, there is evidence

to support the conclusion that VIII:C exhibits properties
and,the behavior of a small molecule which is combined
with VIII:RP as a noncovalent complex. There is alsor

a basis for the contention that the properties associated
with both VIII:C and VIII:RP may also be a single
molecule which under appropiiate conditions may be

cleaved, yielding two fragments.

X

In view of the need for identifying the structures
of the factor VIII/von Willebrand factor complex,
VIIT:C and VITI:RP and the important pharmaceutical
value of the coagulant activity ascribable to VIII:C,
numerous attempts have been made to purify factor VIII

and to separate and concentrate VIII:C and VIII:RP.

__gUBSTITUTE SHEET.
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The technigques used are based generally on either immuno-

adsorption or ion exchange chromatography. Such

techniques as heretofore used have had limited success

due to the difficulty of desorbing the proteins from

the charged ionic material in an undamaged condition

or recovering same in suitable quantities.
Oﬂe;such.methodffor separating VIII:C from VIII:RP

utilizing—immunoadscrbent,chromatpgraphy has been

reported by E. G. D. Tuddenham et al, "The Properties

of Factor VIII Coagulant Acitivity Prepared by Immuno-

adsorbent Chromatography"”, JOURNAL OF LABORATORY CLINICAL

MEDICINE, Vol. 93, p. 40 (1979). The reported method

is a one-step séparation of VIII:C from nearly all

VIII:RP and from most other plasma proteins employing

a chromatographic column packed with agarose beads to

which polyclonal antisera to VIII:RP (anti-VIII:RP)

are coupled. Factor VIII/von Willebrand factor contain-

ing plasma is passed through the column which édsorbs

" both VIII:C and VIII:RP. Other unwanted plasma proteins

are removed from the column by washing with buffered
saline solution and the desired VIII:C is obtained by
subsequent elutidn with a calcium-ion gradient. Although
it is stated to be an improvement in both purity and
yield of VIII:C, when compared to the previously known
methods, it is also stated thatrthe resulting product

also contains VIII:RP and other plasma proteins. Such
- @UBSTITUTE SHE_ET‘ SOTERD
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contaminants may be attributable to the use of poly- &

clonal antisera bound to the agarose beads. Since a

&

majority of the immunoglobulins from which the antisera
are constituted are not specific to VIII:RP, the effec-
tive number of sites where antibodies specific to VIII:RP
may be bound to agarose is relatively small due to com-
petition between the antisera for a finite number of
bonding sites dn the agarose.
_Anéthér*method-for*separatiﬁg VIII:C from VIII:RP
ahd ristocetin co-factor by a chromatographic technique
employing aminohexyl—substituted agarose has been de-
scribed by D. E. G. Austen, "The Chromatographié Separa-
tion of Factor VIII on Aminohexyl Sepharcse", BRITISH
JOURNAL OF HAEMATOLOGY, Vol. 43, p. 669 (1979). The
described method is stated to be an improved method
for the component parts of both human and porcine
factor VIII/von Willebrand factor. This method, however,
also suffers from the fact that contaminants are pre-
sent in the resulting product. In both the Tuddenham
et al and Austen ﬁethods a contaminated product which

is more dilute than is normally desired, is formed.

[¥a

Hence, it is clear that there still exists a need
for an improved method for separating and purifying -
VIII:C from VIII:RP using plasma or concentrates.

Therefore, it is an object of the present invention

to satisfy such a need.

Ly, WIFO
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SUMMARY OF THE INVENTION

The present invention relates to a method of
separatioﬁ of the component molecules of the factor
VIII/von Willebrand factor complex, VIII:C and VIII:RP,
and the purification and concentration of the procoagulant
activity protein VIII:C. The method achieves the object
of producing highly purified VIII:C using a twb step
procedure. |

The first step involves immunoadsorption of factor
VIII‘froﬁ plasma or a commercial concentrate. The ad-
sorbent employed comprises a monoclonal antibody specific
to VIII:Rf which is bound to a suitable substrate such
as, agarose beads. After the ?III:C/VIII:RP is ihitially
adsorbed, the substrate particles are washed extensively
with a buffer solution to remove unadsorbed portein.

The adsorbed material is then treated with a calcium

ion conﬁaining solution to elute the adsorbed VIII:C.

The VIII:RP portion remains aasorbed-on.the anti-VIII:RP

bound material. At this point\about,40—60% of the VIII:C

initially adsorbed is recovered in a highly purified

state. VHoWéverf the procoagulant aétivity protein

récoﬁered, although extremely pure, i.e., largely free

from contaminants, is too dilute to be of significant

therapeutic value. 7
The second step of the present process is directed

to substantially concentrating the recovered purified

——GUBSTITUTE SHEET
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VIII:C using a technique which may be characterized §

as affinity chromatography.

%

The VIII:C solution obtained from the first step
of the present process has a potency of approximately
10-20 International Units (hereinafter "units") is pro-
cessed in a column containing aminohexyl-substituted
agérose. The column is then washed with a buffer solution

and the.VIII:C is eluted with a calcium ion-containing
solution to yield{é VIII:C concentration in excess of
1000 units per ﬁl, and being greater than 160,000

fold purified from plasma. Thus, the present method
yields uﬁexpectedly high purity procoagulant activity
rprotein in a hiéhly concentrated and therapeutically
useful state. Methods used heretofdre fail to achieve
such notable results for several reasons. The method
of Tuddenham et al, described earlier, employs bound
polyclonal antiserum instead of the specific and highly
selective monoclonal antibodies to VIII:RP as used in
the present inﬁeption. As a result, fewer spécific
antibodies to VIII:RP are coupled for a given weight

of agarose. In the method of the present invention

pw

monoclonal antibodies are exclusively bound to a rela-

b

tively inert substrate. When the method oi Tuddeham
et al is used only 2.6 to 6.4 units of VIII:RP per ml
of immunoglobulin-agarose beads (equivalent to 53.1-
82.9% of the amount applied to the column) are reﬁoved.

This compares to greater than 1000 units per ml of

— guyBSTITUTE SHEET
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beads (or 90-100% of the VIII:RP which is applied to
the column) which is recovered when the monoclonal anti-
body immunoadsorbent of the present invention is
employed. This ability to adsorb more VIII:C/VIII:RP
(factor VIII/von Willebrand factor) per ml of beads
accordingly results in a higher concentration of VIII:C
when it is subsequently eluted from the immunoadsorbent.
Thus, 10-20 units of VIII:C per ml of eluant are
obtained with the present invention, in conﬁract to
0.5-1.257units.per'ml.of'eluant with the Tuddenham et
al ﬁeéhod.

The'preseﬁt method also permits the selection of
a monoclonal antibbdy'having-é high affinity for VIII:RP;
however, the use.of’poiyclonal antibodies results in
varying affinities. It should be realized that there
is an indirect reiationship between the affinity of
"the bound antibody for VIII:RP and the élution of
VIII:RP. Thus, the higher the affinity of the antibody
for VIII:RP the less VIII:RP will be present with VIII:C
in the eluant. AThe present inveﬁtion also makes it
possible to produce an unlimited supply of the specified
mbnoclonal antibody, thus eliminating variations among
different batches.

Although Austen, as earlier described, has reported
the use of aminohexyl-agarose to separate VIII:C from
VIII:RP, such'a material has not heretofore been used

to concentrate VIII:C following a separation and purifi-

SUBSTITUTE SHEET
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cation step. Heretofore, the highest VIII:C concen- o
trations achieved by using aminohexyl agarose in chroma-
tography were 0.53 units per ml of eluant for human pro-
tein and 2.38 per ml of eluant for porcine VIII:C.

The present method permits concentrations several orders
of magnitude greater than these. Perhaps of even
greéter'significance, is the fact that the present
invention provides for a.grgater~purification of human
.VIII;C thén has ever been reported (164,000 vs 17,000
fbld.over*plasma).- The presént method, which is described
in more detail hereinafter, yields VIII:C with a speéific
activity of 2,300 units/mg when commercial concentrate

is used. This corresponds to a l64,000~fbl§ purification
from plasma. The ratio of VIII:C to VIII:RP is greater

5

than 10~ as compared to the ratioc in plasma.

" DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description provides details of the
manner in which the embodiments of the present invention
may be made and used in order to achieve the separation,

purification and concentration of VIII:C to a degree

D]

of purity and concentration not known heretofore.
This description, while exemplary of the present inven-
‘tion, is not to be construed as specifically limiting

the invention and such variations which would be within

SUBSTITUTE SHEET
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the purview of one skilled in this art are to be con-

sidered to fall within the scope of this invention.

A. Preparation of Monoclonal Antibody to VIII:RP

The monoclonal antibody to VIII:RP which is sub-
sequently bound to the separation substrate may be
prepared in a stepwise procedure starting with a highly
purified preparation of factor VIII/von Willebrand
factor (VIII:C/VIII:RP complex). 'The purification
is accomplished with material obtained from a plasma
source or less highly purified material is used in
higher concentration such as commercial extracts avail-
able as FACTORATE‘(trademark'of Armour Pharmaceutical
Co., Tuckahoe, N. Y.) or Hemoéhil (trademark of Hyland

_Laboratories, Costa Mesa, California). Purification
is performed by a;étandard agarose-gel filtration of
cryoprecipitate, such as that described by Zimmerman
and.Rober;s, "Faqtor VIII Related Antigen", appearing
'rin, IMMUNOASSAYS: CLINICAL LABORATORY TECHNIQUES FOR

.TTHEi1980'S; R. M. Nakamﬁra et al, eds., Alan R. Liss,
Inc., New York, pp. 339-349 (1980). Mice were injected
w1th,hlghly purlfled factor VIII/von Willebrand factor
obtained from plasma according to the follow1ng proce-
dure. On day zero, the mice are injected intraperitoneally
with a composition prepared by dissovling (or suspending)

10 Mg of the protein in 0.1 ml of buffer containing 0.05

SUBSTITUTE SHEET
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M Tris, 0.15 M sodium chloride, 0.02% sodium azide,

1 mM phenyl methyl sulfonyl fluoride, trasybl 10 units/
ml at pH 7.3. and shaking with an equal volume of
completed Freund's adjuvant. On day 14, the mice are
again injected with the same material except that
incomplete Freund's adjuvant is substituted for complete
Freund's adjuvant. On day 21, the injection of day 14
is repeated. On day 38, the mice are injected with
purified VIII: C/VIII RP only. On day 42, the spleens
of the mice are removed and fused accordlng to a
standard procedure, of the type described by J. P.

Brown et al "Protein Antigens of Normal and Malignant
Human Cells Identified by Immunoprecipitation with
Monoclonal Antiboéies“, JOURNAL OF BIOLOGICAL CHEMISTRY,‘
Vol. 225, pp. 4980-4983 (1980). The standard technique
is varied only to the extent that 35% polyethylene
~glycol 1000 is substituted for 50% polYethylene_glycol.
A radioimmunoassay method for clones producing antibody
to VIII:RP is performedveccordiﬁg to the following
proceaufe; Polyvinyl plates with a “Vf bottom, flexible
type are coated with 0.1 ml of factor VIII purified .
from commercial extract according to the precedure
indicated above and having a concentration of 0.125 s
mg/ml of protein. The plates are blocked with albumin,

washed with buffer and incubated with the eulture fluids

from the clones to be testedf The plates are then washed

and reacted with rabbit anti-mouse IgG antiserum, washed

TITUTE SHEET OREX
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a second time and 1251 labeled goat anti-rabbit IgG
antiserum is added to the wells and incubated. The
plates are again washed, then dried and the wells
cut-out and counted. After determining the clones
which are positive they are subcloned at least twice
and stable clones producing antibody to VIII:RP are
then injected into the peritoneal cavities Qf Balb/C
micé~which have been,prét;eated intraperitoneally with
0.5 mlL of pristane at least four days prior to injection
of cells. Hybridoma éélls are injected at concentra-
‘tions of approximately 5 x 106 cells per mouse in 0.5
ml of Delbecco's modified Eagle's medium without fetal
bovine‘seruh. The mice are tapped when bloated and
ascites fluid is collected in heparin at approximately
10 units/ml. Ascites fluid from multiple mice is
pooled to provide a convenient &olume for subsequent
isolation of the monoclonal IgG. If the heparinized
ascites fluid is not used immediately, it may be sorted
at1-70°C ana thawea just prior to use. The final yield
of IgG from the ascités fluid is approximately 1g of
IgG per 100 ml of asc1tes fluid.

The spec1f1c1ty of the monoclonal IgG for the pur-
poée of purifying VIII:C may be assessed by coupling
the IgG to é separation substrate medium, in the manner
described hereinafter, and dem6nstrating that the bound

IgG removes both VIII:RP and VIII:C from plasma and

__guURSTITUTE SHEET
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that the VIII:C may be subsequently eluted with a

solution containing calcium ions while the VIII:RP

a
4

remains complexed to the monclonal IgG which is bound
to the solid-state substrate.

The monoclonal IgG, which is to be used subse-
quently to prepare the immunoadsorbent, may be isolated
from heparinized pooled ascites fluid immediately after
collection or a frozen portion of the stored solution
may be thawed. Regardiess of whether fresh or frozen
'matérial is used, the solution is brought to 4°C and
treated with an equal volume of prosphate buffered
saline solution (PBS), the composition of which is
set forth below. The diluted ascites is precipitated
by dropwise addition with stirfing at 4°C of an equal
volume of saturated ammonium sulfate (SAS); prepared
by boiling an excess of ammonium sulfate in water,
cooling to 4°C, filtering undissolved crystals and
adjusting the pH to 7.0 with ammonium hydroxide. The
preciéitate and its supernatant liquid are stirred for
at least 2 hours;an&.centrifuged at 4°C. Centrifuga-
tions are preferably carried out at 14,000 rpm for 60
minutes (30,000 x g). The supernatant solution of H

ascites is precipitated twice more with SAS and the

iy

mixture of precipitate and supernatant liquid stirred
and centrifuged in the same manner as in the first
cycle. The pellets resulting from the third precipi-

tation are resuspended in a volume of PBS equal to that

SUBSTITUTE SHEET
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of the diluted ascites fluid and then disalyzed ex-
haustively against PBS. Clots appearing in the dialysis
bags are -removed by centrifugation at 20°C. The
dialyzed IgG is adsorbed by stirring it with a 5%
aqueous solution of aluminum hydroxide at room temper-
ature and centrifuging at 20°C after adsorption. The
adsorption treatment is repeated at least three more
times using 2.5% aluminum hydroxide solution for each
treatment after the first. The adsorbed IgG is brought
to-45C and reprecipitated once with SAS as described
abové. The precipitated pellets may be stored at -20°C

until used.

'B. ' Preparation of the Immunoadsorbent

The immunoadsorbent is prepared by suitably pre-
paring the monoclonal IgG for coupling, preparing the
solid substrate for coupling and reacting the two com-
ponents to blnd the former to the later.

,(i) Preparation bf‘IgG‘for‘COupllng

| Elther freshly'prec1p1tated IgG may be used
or prev1ously frozen preclpltate may be thawed for use.
'The materlal 1s then dlalyzed agalnst PBS, and while
still in the PBS, the volume and IgG concentratlon
(A230/1-4 =tmg/ml IgG) are determined. The IgG is
then treated with between 10 and 30 microliters, pre-—

ferably 20 microliters, of diisopropylfluorophosphate

_gUBSTITUTE SHEET
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per 50 ml of IgG solution. The resulting solution is K
stirred at room temperature in a hood for 30 minutes .

and the treated IgG, immediately prior to use, is

dialyzed overnight against coupling buffer. The coupling
buffer found most suitable is a 0.25M sodium bicarbonate
solution adjusted to a pH of 3, prefeﬁably with sodium
hyd;oxide.

(ii) Preparation of Solid Substrate for Coupling

.VAlthough the monoclonal antibody’may_be bound to
any material which does not have a high affinity for
protein, particularly factor VIII itself, such materials
as glass beads, agarose, and derivatives thereof are
preferred. Most preferred is a cross-linked agarose
available commercially as a gel known as‘Sepharose
CL2B (trademark of Eharmacia Fine Chemicals, Piscataway,
N.J.).

The method of preparipg the preferred immunoad-
sorbent resin is generally the same as that disclosed
in the literature, such as the method of J. Porath et
al, JOURNAL OF CHROMATCGRAPHY, Vol. 86, pp. 53-56

*(1973). The method found most suitable is as follows:

om

a volume of about 2 liters of Sepharose CL2B is placed

in an acid-cleaned 2 liter sintered glass filter e
funnel. The resin is washed with water and filtered

to a moist cake. The washed resin is placed in a

large (approximately 4 liter) glass beaker equipped

_ gUBSTITUTE SHEET
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with a magnetic stirring bar. To the resin is then
added 750 ml of cold potassium phosphate buffer solution,
prepared by mixing one part of a 5M dibasic potassium
phosphate solution with two parts 6f 5M tribasic
potassium phosphate solution. Sufficient cold water
is added to bring the final volume to .3 liters. The
mixture is then chilled to 4°C and maintained at
 between 4-10°C in an ice-water bath placed on a magnetic
stirring plate. In a hood, qyaﬁogen bromide is added
tQ:300'ml of water in a stoppered glass bottle con-
taining'afmagnetic stirring bar. The mixture is rapidly
stirred until solution results. The cyanogen bromide
solution is then added with stirring over a 2 minute
period to'the cold Sepha:osé mixture. Stirring is
continued for an additional 8 minutes and then trans-
‘ferred to a chilled 2 liter sintered glass filter
funnelrsuppérted‘in a 4 liter Vacuﬁm flas. The cyanogen
bromide_treated resin is:thén,washed with approximately
20 liters of’cdld_waterror until the pH of the filtrate
is neutral. Thé washed resin is then quickly equili-
brated with cold coupling buffer and then transferred
to a éiiiter plastic béaker‘equipped with a large mag-
netidrstirring bar. |

(iii) ~ Coupling the Monoclonal Antibody to ‘the
- Solid Substrate

The solid substrate resin, prepared as indicated

above, is réady‘to be used when it is equibratéd with

. guBSTITUTE SHEET
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- coupling buffer and should not be stored thereafter.
Accordingly, the resin mixture is combined with the
1gG which was previously dialyzed overnight against
coupling buffer. The combined resin/IgG suspended
mixture is stirred at 4°C for a period of about 24
hours. The A280 of an undiluted sample of the super-
natént coupling liquid may be deterﬁined using bovine
serum albumin (BSA) as a standard or Bio-Rad protein
assayr(Bradfora ﬁéagent) with BSA as standard. The
percentage ligand which.is‘coupled may then be calcu-
lated. Whén the above described procedure is followed,
this is usuélly about 95%. Any remaining active éites
on the resin not coupled to antibody may be blocked by
washing the resin on a sintered glass filter funnel
with cold coupling buffer cohtaining 0.1M glycine. The
resin is-then resuspended in this'solution to a final-
volumé equal to that when the resin and antibody, each
in coupling buffer, were combined. The suspension is
’stirrea slowly overnight at 4°C. The resin is then
washed thoroughly with VIII:C-buffer, the composition of
which is given below. The coupled, blocked resin is
then pre-eluted with VIII:C-buffer additionally con-
taining 0.5M calcium ions, preferably calcium chloride. .
The resin is,again washed with VIII:C-buffer alone

" and stored at 4°C or in a continuously pumped column
.at room temperature until ready for use. The coupling

density of IgG to SEPHAROSE should be 2-5g, preferably

SUBSTITUTE SHEET
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3-4g IgG/liter of SEPHAROSE.

C. Separation and Purification of VIII:C

(i) Sample preparation of factor VIII, such as
human and animal plasmas and commercial concentrates
of factor VIII, may be employed in the present invention
and the methdd is not limited as to a particular type
of material. Preferred materials, and those which have
demonstrated successful results, are porcine.ahd,human
plasmas and commercially available concentrates of human
factor VIII, such as FACTORATE available from Armour
Pharmaceutical Co. The following description provides
details.forrpsing both porcine plasma or commercial
human concentrate-such as FACTORATE:

FACTORATE is reconstituted by adding 25 ml portions
of VIII:C-buffer to the contents of each of 20 bottles
(25. m1 per bottle). The miéture is adjusted to a final
volume ofrl liter with VIII:C-buffer. A sample aliquot
of O,Sjmi_may be removed for assay and the remaining
materialrapplied-to the immuﬁoadsorbent column over-—
nlght,at a rate of approx;mately 60 ml/hour.

Porclne»plasma, when not freshly drawn, is citrated
by conventional means and stored frozen. When ready
to be used it is thawed at a temperature of between 35-40°C,

preferably 37°C and applied directly to the column

at 60 ml/hour.

____ gUBSTITUTE SHEET
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Tt should be noted that while the description of

the preseht invention refers, and is directed primarily,
" +o0 the use of immunoadsorbent coupled particles in a.

chromatography column, it is within the scope of this

invention to perform batchwise separations by placing

the antibody-bound resin particles in a suitable con-

tainer and after adding reconstituted concentrate

or plasma, VIII:C as outlined above and described

ip more detail below. .

When the process is carried out in a chromato-
graphy process, the fdllowing embodiments ére preferred:

The resin is placed in a column, such as an Amicon
"86001, (trademark of Amicon Corp., Lexington, Mass.),
équipped with a peristattic pﬁhp and a high flow head.
When concentréte is used as the source of factor VIII,
for 20 bottleé of diluted concentrate, approximately
1.5 liters of resin, prepared as indicated above, is
used. When porcine plasma is used, 150 ml of resin
is used for each liter of plasma.

After the sample is applied to the column, it is
washed w1th 1 liter of VIII:C-buffer, followed by a
second washing with VIII:C-buffer which additionally :
contains 0.5M NaCl. Approximately 20 liters of saline-
buffer i; used when factor VIII is applied as concentrate
and 20 bed volumes ﬁhen porcine plasma is employed.

Optimum results are .obtained with a flow rate of 1

__euyBSINiv’== =
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liter/hour.

Elution éf purified VIII:C is accomplished with
VIIT:C-buffer containing calcium ions. Although a
linear gradient, as taught by Tuddenbram et al, supra,
works well, it is not reqﬁired in order to accomplish
the object of this invention; a solution having a fixed
calcium ion concentration is quite adequate. Thus,
when VIII:C derivé&:from concentrate is being eluted,
VIII:C-buffer 0.25 to 0.5M with respect to calcium
chloride, Qreferably*O.BSM, is used advantageously
as a flow rate of between 450 to 750 ml/hour and pre-
ferably 600 ml/hour. When the VIII:C is obtained from
porcine plasma, elution is performed with VIII:C-buffer
being'a calcium chloride concentration of between 0.35
and 0.7M, preferably 0.5M and at a flow rate of between
‘10 and 30 ml/hour, preferably 20 ml/hour. Fractions—
of 12 ml.and 3 ml are collected for VIII:C originating
from concentrate and porcine'plésma, respectively.
Those fractions containing at least 1.0 unit/ml of
VIII?C activity are pooled énd the total volume and
activity of the pool determined.

| The VIII:C pool is initially concentrated to 10-20
ml by a standard procedure such as pressure ultrafiltra-
tion. For ﬁhis purpose, Amicbn stirred cell in which
a ¥YM-10 membrane under 50 psi of nitrogen pressure has

been found to work well. Slow stirring is continued

—___GUBSTITUTE SHEET
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for 30 minutes after nitrogen pressure is released, K
and the volume and activity of the concentrated pool
are.determingd. The pool may be stored for a brief
period, that is, overnight for example, if a temperature
of 4°C is maintained.

It may be noted that the immunoadsorbent column
described above may be regenerated by treatment of the
columﬁ with 2 bed volumes of 3M aqueous sodium thiocyanate
solution run at a flow rate of about'o.s—l liter/hour

to elute VIII:RP.

D. Concentration of Purified VIII:C

Although the VIII:C recovg;ed from the separation
from VIII:RP by means of the immunoadsorbent column
is highly purified, it is still too dilute to be
therapeutically useful. Further concentration is
accomplished by use of an aminohexyl agarosé column
which is prepared and used in the following manner:

(i) " Preparation and/or Conditioning of a

Aminohexyl agarose is agarose which has been reacted
with 1,6-diaminohexane to yield an agarose resin having
a number of 6 carbon atom chains, each of which has a
terminal amino group. It may be prepared according to
the method described by Austen, supra, or acquired
from a commercial supplier. One such material which

has been used successfully in the present invention is
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available under the name of AH-SEPHAROSE 4B (trademark
of Pharmacia Fine Chemicals, Piscataway, N.J.).

Whether prepared or‘purchased, the resin should
be conditioned prior to use. This may be accomplished
as follows, the volumes, amounts and dimensions being
adjusted in proportion to tﬁe amount of material to
be concentrated:

Approxlmately 1 gram of amlnohexyl agarose (AH-
SEPHAROSE‘4B) is placed in a 51ntered glass filter funnel
and.washgd,WLth‘at least 200 ml of 0.5M sodium chloride,
whileﬁsfirring;»'The resin is then equiiibrated with
VIII:C-buffer and packed in a colﬁmn of approximately
0.9 cm diameter. A Bio-Rad Econo-Column~wi£h flow
adapters has—proven quite suitable for the type of use
considered here. The bed volume of the packed column
is approximately 4 ml.

- (i1) Application to and Use of the Aminohexyl

Thé concentrated pool, prepared as described above,
iétdilutéd 1:10 in VIII:C-buffer to a final concentra-
tion'ofrldo-zoo ml when using the amounts of resin .and
.column.sizé;as described in the immediately preceding
section. Therdilﬁted pool is app}ied.to the column at
a.flow rate of 200 ml/hour.

The column is then washed with VIII:C-buffer
which contains calcium ions, preferably from calcium

chloride. The solution should be between 0.01M to 0.03M,
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preferably 0.025M with respect to calcium ions.

Elution of the concentrated VIII:C is achieved
at a flow rate of between 5 to 20 ml/hour, preferably
10 ml/hour with VIII:C-buffer containing a higher concen-
tration of calcium ions thaﬁ was employed with the pre-
ceding washing step. Again, calcium chloride is the
preferred source of calcium ions in a concentration of
between 0.25 to 0.5M, preferably 0.3M. Fractions of 1
ml volume are collected and assayed as described below.
Collected fractions may be sorted at‘4°cvor‘f£ozen.
Preparations of VIII:C obtained from a porcine plasma
course would be stabilized with 1% human serum albumin
prior to storage.

Assays may be performed by diluting the fractions
with VIII-C-Buffer if necessary and further diluting
the fraction 1:100 in assay buffer prior'éo addition
to the substrate.. A standard partial thromboplastin
time assay is employed.

VThe composition of the buffer solutions is as

follows:

1.6g sodium phosphate, monobasic monohydrate
8.4g sodium phosphate, dibasic anhydrous *
61.4 sodium chloride -

Water to 7 liters

pH of buffer is 7.2

qUBSTITUTE SHEET
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VIII:C-Buffer

ml 0.02M imidazole

ml 0.15M sodium chloride

ml 0.10M lysine

ml 0.02% sodium azide

pH of buffer is adjusted with concentrated hydro-
' chloric acid to 6.8.

The data 1iste& heré.inafter in Tables I and II

aregrepresénfative.df that obtained according to the

present invention, as described above.
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Although only pregerred embodiments are specifically B
illustrated and déscribed herein, it will be appreciate N
that many modifications and variations of the present
invention a;s possible in light of the above teachings

and within the purview of the appended claims without
departing from the spirit and intended scope of the

invention.
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CLAIMS

1. An impioved method of preparing Factor VIII
procoagulant activity protein comprising the steps of

(a) adsorbing a VIII:C/VilI:RP complex from a
plasma or commercial concentrate source onto particles
bound to a ﬁonoclﬁnal antibody specific to VIII:RP,

~ (b) eluting the VIII:C, 4
(c) adsorbing the VIII:C cbtained in step (b)
'in.apother"adsorption:to concentrate,same;

(@) éluting'the,adsorbed ViII:C, and

(e) recovering highly purified and concentrated
VIIJi:CZ.

2. A method according té claim 1, wherein the
elutant used in each of steps (b) and (4) ié a saline
solution.

3. The method according to claim 2, wherein the
saline solution is. calcium chloride. |

4. The method according to claim 3, wherein the
goncentration of said calcium chloride solution used
.in sﬁépéw(b) and (&5 ranges from about 0.235M to about
0.5M.

- 5. nThevﬁethod.according to ciaim 1, wherein said
 adsorbeﬁt ?articlesfin step (a) are agarose.

6. The method according to claim 1, wherein
aminohexyl agarose is empldyed4in step (c) as the

adsorbent.
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7. The method according to claim 6, wherein cal- 2
cium chloride solﬁtion is employed as the elutant in
steps (b) and (d), concentration of said calcium
chloride solution ranging from about 0.25M to about
0.5M in step (b) and from about 0.25M to about 0.3M
in step (4).

8. An.iﬁprdved immunoadsorbent for isolation and
purification of VIII:C'from VIII:C/VIII:RP comprising
a monoclonal aﬁiibody specific to VIII:RP bound to solid
particles. 7 )

9. The improved immunoadsorbent of claim 8,
wherein said solid particles comprise a resin.

10. The improveé immunoadsorbent of claim 9,
whefein said resin comprises agarose.

11. The improﬁed immnﬁoadsorbent.of claim 10,
wherein said agarose is cross-linked agarose.

12. The improved immunoadsorbent of claim 11,
wherein said.immuhoadsorbent has a céupling-density
of 3 to 4g of ménocional antibody per liter of agarose.

| 13. Highly pﬁfified and boncentrated VIII:C pre-
pared in-accordance with the method of claim 1.

14. 'Highly purified and concentrated VIII:C
prepared in accoraahce with the method of claim 6. . ' %

15. In a method of purifying Factor VIII pro-
coagulant activity protein from piasma or concentrate,

the improvement comprising the step of passing said
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plasma or concentrate through a chromatographic type
column having adsorbent to which is bound monoclonal
antibodies which;is specific to VIII:RP and eluting
the VIII:C therefrom.

16. The'method acccrding to claim 15, wherein

said adsorbent is agarose and said elutant is a saline

solution.
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