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Bybri doma ' focells.froma nouse nyel orra_ané B cel |
| g&r{] H Jlsé %é) REEEWE h human factor Vi 1800 Wﬁ"ﬁm %@dy

froma no éﬂj i mrunize
reacts with human tactor VIII:C polypeptides. The invention has utility in

the therapy for cly '&dlﬁ{ﬂ)ﬁiﬁ‘llia‘"@nﬁy 'ﬂd‘ NEe Ffpi{f'ltdlfrvﬁijdy and

characterization o PEPLT UE Or—porypeptT ue conprexes whi ch provi de
desired clotting behéﬁm&ég 3IﬁDH¥HﬁﬁTIﬂE€qunans and other mammals. It has

| ong been known that plasma factor VIII plays a crucial role in blood
coagul ation, and that thronbin activates

This invention relates to a monoclonal antibody of

class IgG produced by hybridoma formed by fusion of cells
from a mouse myeloma and spleen cells from a mouse
previously immunized with human factor VIII:C, which
antibody reacts with human factor VIII:C polypeptides.
The invention has utility in the therapy for classic
hemophilia, and in the further study and characterization
of the polypeptide or polypeptide complexes which provide

desired clotting behavior to the blood of humans and
other mammals.
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It hgs long been known that plasma factor VIII plays a
crucial role in blood coagulation, and that thrombin activates
the caagulant.effect of factor VIII. Recent.attempts to

P characterize factor VIII have postulated that factor VIII is a
camplex of at least two polypeptides, which are known as VIII:C
énd.VIII:R, and have found coagulant activity to reside in the
VIII:C portion. Studies of the effect of thrombin on factor
VIII:C'ﬁqyefied £Q'the conclusion that thrombin activates this
fac:ét by Bféakiﬁg'it down into several smaller polypeptides.
Howaver, no priofrstudies have been able to associat;

" thrombin-induced factor VIII activation in humans with any

defined polypeptides formed from human factor VIII:C.
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the coagul ant effect of factor VIII. Recent attenpts to characterize factor
VIl have poStulated that factor VIIl is a conplex of at |east two

pol ypepti des,

which are known as VIII1:C and VIII: R, and have found

coagul ant activity to reside in the VI1R:C portion. Studies of the effect
of* thrombin on factor VII11:C have led to the conclusion that thronbin
activates this factor by breaking it down into several smal | er

pol ypept i des

. However, st udi s have to assQci at
t hr onbi n-i nduced fact or I&I At Vat i ﬂyFﬁ ﬁ@%aﬁ% an§ de?ﬁﬁeﬂﬁfeCt of
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tReBRY 1 Hr W R, AL oL k1S, 5. 2Lab Clin. Med. 97:50-64

(1981}, sought to purify human.factor VIII:C by immunoadsorbent
chromatography using a polyclonal antibody to factor VIII:R
raised in the rabbit. They then incubated the factor VIII:C
with purified human &-thrombin, and determined that small
amounts of the thrombin activated the factor VIII:C whereas
larger amounts activated it less or not at all. They also
concluded that thrombiﬁ activation is accompanied by a decrease
in the size of the protein, and they proposed a molecular
weight of about 116,000 for the activated factor VIII:C. DMost
significantly, they.could not identify specific polypeptides
that retained factor VIII:C activity ana VIII:C antigen
determinants.

Fulcher, C.A. and Zimmerman, T.S. in '"Characterization
of the human factor VIII proéoagulant protein with a

heterologous precipitating antibody", Proc. Natl. Acad. of Sci.

USA, 79:1648-1652 (1982) obtained highly purified human factor

VIII:C from plasma concentrate by passing the concentrate
through a column containing a monoclonal antibody to factor
VIII:R, eluting the VIII:C from the adsorbed VIII:C/VIII:R
complex, and concentrating the féctor VIII:C on a second
column. The purified factor VIII:C was then analy%ed by sodium
dodecyl sulfate/polyacrylamide gel electrophoresis (hereafter,

"SDS-PAGE"), both before and after addition of thrombin to the

s

+

%,

This Sheet Has Been |Tlaced

IIII | IIIIIHII 1




For instancs, tpyer'and;TraboId, in "The effect of thronmbin on human factor
vVitlt", J. Lab. din. Med. 97:50-64 (1981), sought to purify human.factor
VI11:C by i munoadsor bent chronatogr$ﬁhy usi ng a polyclonal antibody to
factor VIII:Rraised in the rabbit. ey then incubated the factor VIII:C
with purified human d-thronbin, and determ ned that snmall anmpunts of the
thronmbin activated the factor VIII:C whereas | arger anpbunts activated it

l ess or ot pauridiied Heyealsd.compluged itfhiadd t hsOaBENVAQl \AtHGBd So
acconpani ed by a decrease in the size of the protein, and they proposed a

nol ecul ar weihgtumbiin adddi t 186, 860wkdr d hel detavas¢dofadherd sVidd :3ps MSiE
significantly, they could not identify specific polypeptides that retained
factor VIl commspondingdedl bbiGpapidight det &f 4 1805Smolecular weights
5 (M.}, including a relatively strong doublet at M_ of 80,000
and 791000, and at least six additional faintly staining
polypeptides with larger M. including one at M_ about
o 92,000. Addition of thrombin to the purified factor VIII:C
caused the dimingtion or disappearance of all of the
polypeptides shown prior to thrombin addition.
The coagulant activity of the plasma concentrate rose
15 following thrombin addition to a maximum of three times that of
the material érior to thrombin additioﬁ, and then diminished.

The coagulant activity of the purified factor VIII:C also rose

to a maximum of three times that of the pre-activated

20 material. That is, the thrombin had essentially the same
activating effect on the factor VIII:C in each case. Thus,
whereas the purified factor VIII:C possessed a reporied

g 25 specific activity some 3280 times that of the starting

- material, one skilled in this art would conclude that the
increase in specific activity was due to the high degree of
purification achieved. There is no'baéis in this article for

30 ascribing activated coagulant activity to any specific one or
more of the large number of polypeptides associated with the
bands observed in the purified factor VIII:C prior to

: activation with thrombin.

35
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Ful cher, C. A and Zimrerman, T.S. in "Characterization of the hunman factor

VIIl procoadul ant protein with a heterol ogous precipitating antibody",
PLoc. Natl. Acad. of Sci. USA, 79:1648-1652 (1982) obtained highly purified
human factor VII1:C fromplasma concerfirate by passing the concentrate
t irough a col utm cont ai ni ng a nonocl onal anti body to factor VIII:R eluting

the VI11:C fromthe adsorbed VIII: CYVIII R conpl ex, and concentrating the

factor VI41:C on a segQ 0 ur|f| [11:C was then

anal yzed by sodi um dglgleéc1 1%4 atlé? € y’f%ﬂ?‘%%g %I ‘ectrophoresi s

(hereafter, "SDS-PAGE"), botmonebboaahndnaibedyadﬁlcﬂassoﬂgmhmmnmmnrmacmhe
with human Factor VIII:C polypeptides selected from the group

5 consisting of:

(&) polypeptides of M = 44,000; 92,000; 108,000; and
undigested Factor VIII:C; and not polypeptides of M, = 54,000;
71,000; 72,000; 79,000; or 80,000;
10 (B) polypeptides of M, = 54,000; 92,000; 108,000; and
- undigested Factor VIII:C; and not with polypeptides of M =
44,000; 71,000; 72,000; 79,000; or 80,000; aqd

(C) polypeptides of M, = 79,000 and 80,000; 108,000;

1 -
5 and undigested Factor VIII:C: and not with polypeptides of M, =

44,000; 54,000; 71,000; 72,000; or 92,000 wherein the M values
are determined by subjecting the polypeptides to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis.

20 Other aspects of the invention include biological preparations
containing antibodies exhibiting different reaction profiles.

The polypeptide coagulants exhibit factor VIII:C coagulant
activity and factor VIII:C immunological behavior, and

o5 show. characteristic M. value (s) When analyzed by sodium-
dodecyl sulfate-polyacrylamide gel glectrophoresis (hereafter,
“SDS-PAGE). By "polypeptide complex" hereinafter is meant a
coagulant comprising combinations of two or more polypeptides
known to be physically distinct, but also preparations contain-

30 ing only one discernible polypeptide, i.e., that which exhibits

35
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3 purified maperial. The purified factor VII1:C prior to thronbin addition
showed a wi de_ array of bands on SDS- PACGE correspondi ng to pol ypepti des of
vari ous nol ecul ar weights (M), including a relatively strong doublet at M
of 80,000 and 79,000, and at |east six additional faintly staining
pol‘ypeptides with |larger M including one at M about 92,000. Addition of
thronmbin to the purified factor VIII:C caused the dimnution or

di sappear aice bhndlhtohntm; pd ¥remtiodes shown prior to thronmbin addition

The coagul ant activit f Gty o
addition to a maxi rrum)i‘o te%(;%égtp%rs%e t QT% sr}%ﬁ%‘ tstg}él g‘#% ti@oﬁ%l n
addition, and then dlqmam@mu Ui izesy lwnsn dEdtdst WHET t%eﬂlpmh fhaﬁl been
factor VIT1:&i3h39 R¥ffied, in order to free the identification and

5 characterization of the novel product from the effects of
extraneous polypeptides. It should be recognized, though, that
the invention itself is not dependé&t'on how the starting
10 material has previously been-treated, except where specificaily

indicated. The active factor VIII:C polypeptides of the

;résent invention can be prepared not only by digestion with

thrombin as described in greater detail below, or with other
15 similarly acting .proteases such as Factor Xa, Factor IXa, or
Russell's viper venom-V, but also by recombinant DNA techniques
in which the polypeptides of interest are produced by bacteria,
yeast, or other cells into which one or more genes for

20
producing the polypeptides of interest are inserted by

techniqges known to those of ordinary skill in the art. Either

process for producing the complex of interest can be expected
to produce the complex in a mixture with one or more other

25
polypeptides.

Any plasma of-plasma concentrate containing human
factor VIII:C can be employed to advantage. The novel
30 coagulant.can be-prepared from human factor
VIII:C which has been ultfapurified in accordance with the
process described in U.S. Patent No. 4,361,509, issued November

30, 1982, the disclosure of which is hereby incorporated herein
35
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to a maxi men of_ three tfnmes that of the pre-activated material. That is,
the thrombin had essentially the sane activating effect on the factor
VMIII:Cin each case. Thus, whereas thesgpurified factor VIII:C possessed a
reported specific activity sone 3280 tines that of the starting materi al,
bne skilled in this art would conclude that the increase in specific
activity was due to the high degree of purification achieved. There is no

basis inlttby vefecérctor dacthingrardéya]ed soaguleanif dodd WD ADYsuch
specific one or nore of the |arge nunber of polypeptides associated with

the bands obseplesmanothe plaistiaed JrREWEr ! 1€ Phis@led ARG EgMAtdON With

t hr onbi n.
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immunoadsorbent column to which monoélonal antibodies to factor
VIII:R have been attached. The factor VIII:R/VIII:C complex is
adsorbed on the column, and then the factor VIII:C is eluted
and passed through a second column such as aminohexyl agarose.
1t should be no;ed that the second column can also be an
immunoadsorbent containing.antibodies to factor VIII:C. The
factor VIII:C should be kept free of q&thrombih and other
proteases. The factor VIII:C is conveniently stored in a
saline, buffered solution containing, e.g., 0.3M calcium
chloride, at a pH of 6.8 to 7.4,

The human factor VIII:C is then digested with
d-thrombin under conditions effective to qum the polypeptide
complex.described below. The purified o{-thrombin can be
prepared by the procedure described by Fenton, J.w. 1I; Fasco,
M.J.; Stackrow, A.B.; Aromson, D.L.; Young, A.M.; and
Finlayson, J.S; _"Human Thrombin. Production, Evaluation, énd

Properties of ¢f/-Thrombin'". J. Biol. Chem. 252: 3587-3598

The o(-thrombin and the factor VIII:C are cdmbined in
an aqueous system, preferably buffered at a pH of about 6.8 to
about 7.4. The thrombin should be present in an amount
relative to the factor VIII:C that is sufficient to permit

reaction with the factor VIII:C, but not so high that the

This Sheet Has Been Reﬂliloed
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4 The present invention relates to a nmonocl onal antibody of class |gG which
reacts with human Factor VIII: C pol ypeptides selected fromthe group
consisting of: (A) polypeptides of M =-44,000; 92,000; 108, 000; and
undi gested Factor VII1:C, and not pol ypeptides of hﬁ = 54, 000; 71, 000;
72,000; 79,000; or 80,000; (B) polypeptides of M 54, 000; 92, 000;
108 000; and undigested Factor VIII:C, and not mnth polypeptldes of M =
44,000; 71, demtow, ODDI:¢odepdaders &0, G0y c eivde (£ 1pokppddisisd e fofr ditive
79, 000 and 80, 000; 108, 000; and undi gested Factor VIII:C, and not with
polypept|deﬁaﬁlﬂwd:£Ctlve polypeptide complex can be recovered. As an
illustration, a preparation containing 200-400 units (0.2
5 mg/ml) of factor VIII:C per ml should be digested with about
0.1 to about 0.5 units/ml of «-thrombin. The digestion can
proceed at room temperature; too high a temperature can
o denature the polypeptides, and too.low a temperature can retard
the progress of the digestion.
The digestion is allowed to proceed for a time long
enough to permit the formation of the desired polypeptide
15 complex. The optimum time will be from 0.1 to 60
minutes, with times from 0.1 to 30 minutes preferred. Times
from 1 to 10 minutes have been found highly satisfactory,
although it will be recognized that optimum times can be
20 identified with minimal experimentation using aliquots of the
factor VIII:C starting material being treated. An optimum time
is that which forms the maximal amount of the polypeptide
25 complex exhibiting an Mr of about 92,000, accompanied by the
formation of a protein complex exhibiting an Mr doublet of
about 79,000 and about 80,000, without degrading the Mr
92,000 polypeptide significantly. The M. 79,000-80,000
30 doublet may possibly function after it has undergone
degradation to a complex exhibiting a doublet at Mr values of
71,000-72,000. The 71,000-72,000 doublet alone does not

exhibit factor VIII:C activity.
35
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44,000; 54,0600; 71,000; 72,000; or 92,000 wherein the M values are
detern1ned by sdbjectlng the polypeptldes to sodi um dodecyl

sul f at e- pol yacryl anmi de gel el ectrophorgsis. Qther aspects of the invention
i ncl ude bi ol ogical preparations containinig antibodies exhibiting different
reaction profiles. The pol ypepti de coagul ants exhibit factor VIII:C

coagul ant activity and factor VII1:C i munol ogical behavior and show
charactehistic M valiRg SJigmenianaligz&beny it oms dpdedyby adding to the
sul f at e- pol yacryl am de, gel electrophore3|s (hereafter, "SDS-PAGE). By

"pol ypept i d& kMt ereagbeet fgcﬁémm.&mQMQQUOﬁnﬁpcémdeﬂQR?EHY1)
conbi nati ons of tmo or_nore Eolypeptldes known to be ph S|cally di stinct,

but al so pr &sdtdnesisl fomy hi hludngdeni(hemes it arer NPbABMSE Yoaptands her e |
t hat which ethbItS
5 thrombin inhibitor. The p-APMSF prevents the g~thrombin from

reacting further with the factor VIII:C proteins, without
itself degrading those proteins. The amount of p-APMSF to add
should tomprise about 1.5 to about 2.5 millimoles per unit of

10 A-thrombin activity initially present in the reaction mixture.
p-APMSF can be obtained through California Medicinal

Chemistry Cowmpany, San Francisco, California, and its

15 preparation is described in Laura, R.; Robinson, D.J.: and
Bing, D.H. "(p-Amidinophenyl)methanesulfonyl Fluoride, an
Irreversible Inhibitor of Serine Proteases', Biochemistry
(1980) 19, 4859-4864, at 486L.

20 The reaction mixture can then be treated to
concentrate the polypeptide complex comprising the present
invention. Preferably) the polypeptide complex is concentrated

( with respect to other factor VIII and non-factor VIII

2> proteinaceous material, to provide the complex in a form which
affords the very high activity possessed by the cdmplex in the
purified form. Purification techniques include, for example,

30 ultrafiltration, ultracentrifugation, ion exchange, gel
permeation chromatography, preparative electrophoresis,
isoelectric focusing, and gel and affinity chromatography.

The desired complex can also be concentrated and/or

35 tecovered by passing the reaction mixture, which can already

i



a“band at an-M of 92,000. The description bel ow showi ng the preparation of
the coagulant utilizes human factor VII1:C which has been highly purified,
in order to free the identification and gharacterization of the novel
product fromthe effects of extraneous polypeptides. It should be

recogni zed, though, that the invention itself is not dependent on how the
starting material has previously been treated, except where specifically

can be. pr opay 4enBe B PRIt dad OB A RREbRE Chst iR CPERMENT S, coler
detai | bel 0w 0l Ho9bIRl: YTl doREL L ALY SPSRRNE AT FECLRE 1KBd fes,

or'equivalent antibodies against VIII:C other than human, that
5 react with the polypeptide(s) of the complex. ' The antibodies
are attached to agarose (see Example I below). Several
antibodies which can be used to concentrate the.complex and/or
10 isolate certain of the polypeptides thereof are described
below. The active VIII:C complex adsorbs preferentially to the
column, and is then eluted from the column with a solution of
calcium ions (e.g., CaClz) which can optionally also contain
15 a non-ionic surfactant. Suitable non-ionic surfactants include
alkyl phenyl polyoxyethylenes such as Triton-X—lOg? -N-lof? or
-X-—405®(Eastman Chemical Co.); Tween-Z@ -60®or —Sp(Sigma
Chemical Co.); and Nonidet P-4&a(5igma Chemical Co.); all of
20 these are well-known articles of commerce having known cheﬁical

formulas.
The amounts of calcium ion and surfactant to use
25 should be high enough to desorb the polypeptide complex, but
not so high that the eluant inactivates the polypeptide. A
calcium ion concentration of up to 0.5 M or even up to
1.0 M is satisfactory, and 0.25 M is preferred. A surfactant
30 concentration of up to 1 wt. % is satisfactory, and about
0.1 wt. % is preferred. The eluant is applied to the

immunoadsorbent column at 1 to 8 bed volumes per

hour, and preferably about 3 to 4 per hour. Too high a
35
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"Russel | 's yiper vehomV, but also by reconbi nant DNA techni ques in which
the polypeptides of interest are produced by bacteria, yeast, or other
~cells into which one or nore genes figf producing the pol ypeptides of
interest are inserted by techniques knomn to those of ordinary skill in the
‘art. Either process for producing the conplex of interest can be expected
to produce the conplex in a mxture with one or nore other polypeptides.

Any pl asmaigl RLReMR {CNC M £AL t?BHtéfnkﬂQ @Hﬁﬁhﬁa&é@rn&%thQb?aﬂlﬁﬁ of
enployed to advantage. The novel coagul ant can be prepared from human

factor. Vipp: g\g@pg%%fe %g@rﬂpl'%% ggg@‘ 84 17 gec?c;‘}r.oééiﬁilﬁﬁo%ﬁ:hw&mi PeaEsy

described In I ssued Novenber 30, 198
di scl osur gaah Wik d I EPYnk BCPEPILRLAS AU Bkt processes othei than

5 fixed-bed columns.

The VIII:C polypeptide éomplex'is recoyered in a
suitable buffer, at a pH of 6.8 to 7.4, which also
contains calcium ion and surfactant from the eluant solution.

10 The calcium and surfactant concentrations can be lowered, and
the surfactant preferably removed, such as by dialyzing the
solution against a buffer such as the VIII:C buffer used in

15 Examplé 1 which contains a lower amount of calcium ion. The
complex | can be stored in this-solution; or
lyophilized. The complex can be administered to patients with
hemophilic clotting disorders by adjusting the calcium content

20 o be physiologically compatible and injecting a sterile saline

solution thereof.
When analyzed by SDS-PAGE as shown below, thé coagulant

N 25 ' exhibits an Mr of about 92,000, and can

normally contain material exhibiting an Mr doublet of .about
79,000 and about 80,000, some of which can have undergone
degradation to exhibit an Mr doublet of about 71,000 and

30 about 72,0007 In its purified form, this band or the group of
these bands are essentially the only bands that appear.

However,

less than 100%,
35
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6 by reference. In that process, a source of factor VIII:C such as plasnm
or a plasma concentrate is passed through an i nmunoadsor bent colum to

whi ch nmonocl onal antibodies to factor VII11R have been attached. The
factor VIII:R'VI1I:C conplex is adsorbed on the colum, and then the factor
VIIl1:Cis eluted and passed through a second col um such as am nohexyl

agar ose. It should be noted that the second colum can al so be an

| Munoadsprpeal, cost A 9‘@%‘9 @ﬁté@@&l@@%tomé%ersw | o0& etB8 E@ctl%tﬂel I
shoul d be ke t é ee @% g@ “thronbin and ot her proteases The
factor. Vi1 13€ P83 cofdini %fyOEt%%é% i fhg proteinaceous matter present

in the biological preparation may comprise the coagulant.

The protein complex possesses

specific VIII:C coagulant activity“(that is, activity per
milligram of all protein present) higher than that exhibited by
10 purified human factor VIII:C, for instance human factor VIII:C
purified by the process disclosed and claimed in the
aforementioned U.S. Patent No. 4,361,509. Indeed, the activity
15 of the purified complex should be several times, e.g., 3 Fo 5
times, Phat of purified human factor VIII:C, and is
advantageously at least 10 times or even 50 times as active.
Likewise, biological preparations comprising the complex
20 in association with one or more other proteins
can be prepared .which exhibit higher specifié activity than
that afforded in previously known coagulant preparations. The
( specific activity of the complex, and of bioiogical
25 prepérations containing it, is higher than 1800 Units}mg,
advantageously higher than 5400 Units/mg, and in morte
édvantageous embodiments exceeds 7,500 and even 10,000
30 Units/mg. Preferably, the specific activity of the
preparations exceeds that of the purified human ?actor VIII:C
used herein by a factor of 3 to 5, and more advantageously by

at least 10 times, by 50, or even by 100 times.

35
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saline, buffered sofl ution containing. e.g., 0.3Mcalciumchloride, at a pH
of 6.8 to 7.4. The human factor VIII:Cis then digested with
[ferr]-thrombin under conditions effectie to formthe pol ypepti de conpl ex
described below. The purified [err]-thronbin can be prepared by the
procedure descri bed by Fenton, J.W I1l; Fasco, MJ.; Stackrow, A B.
Aronson, D.L.; Young, A M; and Finlayson, J.S. "Human Thronbin
Production, Eval uath ,P%ﬂﬁ???o%@@?ié§ of [err]-Thronbin". J. Biol .anghem
- 252: 3587-3528 (1977). The [err]-thronmbin and the factor VIII1:C are
conbi ned PROARZAGE0F aBaT &k ops et beakiof hstercianactepiized dsotthas Sheo
about 7.4. The thronbin should be present in an amount relative to the
factor VI FPOINGRA jarinifeidascrabpdr @bove remains present over a
5 continuous period of at least 10 minutes and preferably
at least 30 minutes. Of course, éctivity will generally
be stable for much longer. The complex also possesses the
immunological characteristics of a factor VIII:C protein, i.e.,
10 :
it binds to an antibody for human factor VIII:C. This can be
ascertained, for instance, by growing a monoclonal antibody to
factor VIII:C as described below, attaching the antibody to an
15'agarose column, passing an aqueous solution of the complex
through the column, and assaying the resultant solution for

factor VIII:C activity.

20 The polypeptides of M_=92,000 and M_=79,000-80,000 are
stable, relative to native human factor VIII:C whigh is

notoriously susceptible to proteolysis, degradationm, and

Fam

resultant loss of coagulant activity. This stability is
25 ' : :
demonstrated by the polypeptides' ability to survive the

treatment steps described herein.
30 EXAMPLE 1

This Example shows how factor VIII:C was purified from

commercial concentrate and digested with purified o{-thrombin.

35
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‘reaction wisth the flactor VI11:C, but not so high that the 7 factor
VI11:C degrades to inactive polypeptldes before the desired active
—polypeptlde conpl ex can be recovered. As'dn illustration, a preparation
cont ai ni ng 200-400 units (0.2 ng/m ) of factor VIII:C per m should be
di gested with about 0.1 to about 0.5 units/m of [err]-thronbin. The

di gestion can proceed at roomtenperature; too high a tenperature can

denat ure 1 hey, pRnyvedRHalesnisod porboaa th@MVErEL AT ewganprotiaceddt Baid used to
progress of the digestion. The digestion is allowed to proceed for a tine
| ong identify VIII:C polypeptides. At several selected points
during the digestion, portions of the digestion mixture were
5 assayed for VIII:C (coagulant) activity, and for protein bands
using SDS-PAGE.

Purification of VIII:C. All steps were at room

temperature. Chemicals were reagent grade. 40 bottles of

10 commercial factor VIII concentrate (prévided by Armour
Pharmaceutical) were reconstituted in 1000 ml of VIII:C buffer
(0.02 M imidazole/0.15M sodium chloride/0.1 M L-lysine

15 HC1/0.02% sodium azide, pH 6.8). This sample, which contained

a total of 17,000 units of VIII:C activity, was applied to a

2.5 - 3.0 liter bed volume immunoadsorbent column. The column

was cyanogen bromide-activated agarose (Sepharose 4B,

20 Phafmacié,.Piscataway, New Jersey), to which monoclonal
antibodies to VIII:R had been covalently bonded. The
antibodies were raised and attached to the column as described

i o5 in the aforementionediu,s. Patent No. 4,361,509. The

antibodies were precipitated from ascites fluid using 50%
ammonium sulfate, reprecipitated two more times, and then
attached to the column at a density of 2-4 mg/ml.of Sepbarose.
30 The immunoadsorbent was pre-eluted with 3M sodium thiocyanate,
washed with VIII:C buffer (0.02M imidazole HCL pH 7.0, 0.15 M
NaCl, 0.1 M L-lysine-HCl, 0.02% sodium azide), treated twiée

with 2mM di-isopropyl fluorophosphate, and then the concentrate
35 was added.
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enough to pernit the fofmation of the desired pol ypepti de conplex. The
optimumtinme will be fromO0.1 to 60 mnutes, with tines fromO0.1 to
30 minutes preferred. Tinmes.from1 to 104m nutes have been found highly
satisfactory, although it will be recognized that optinmumtinmes can be
rdentified with mnimal experinmentation using aliquots of the factor VIII:C
starting material being treated. An optinumting is that which forns the
maxi mal Z&mount of t RBEPSIOMHENT RS ceaphes wikitnid0d gl aer st o8t VIB3al befdeo,
acconpani ed by the formation of a protein conplex exhibiting an M doubl et
of about 79°BH81BABZaRodO &b ohiumiehbaridegr #aichg’ 1 hi: &t was, tben eluted
polypeptidg significantlé;a The M_ 79, 000-80, 000 doubl et naé Bossibl{
function aftem thendd Lindemidite eI adabués ero contonpn irgelhBbi M sglaium

doubl et at M val ues of
5 chloride. Active fractions were pooled and concentrated under
nitrégen pressure 100-fold in an Amicon stirred cell with a
YM10 membrane. The concentrate was then diluted 1:10 in VIII:C
buffer and applied to a 4 ml column of aminohexyl-Sepharose
1o (Pharmacia) equilibrated in VIII:C buffer containing 0.025 M
calcium chloride, VIII:C was éluted in high concentration with
VII1:C buffer containing 0.3 M calcium chloride at a flow rate
15 of 10 ml/hr. The concentrated immunoadsorbent pool was
adjusted to 0.25 M calcium chloride and adsorbed twice for 1 h
‘each time with 1/10 vol/vol of a mixture of monoclonal
anti-fibrinogen, anti-fibronectin and anti-vWF antibodies which

20 had been coupled to cyanogen bromide-activated Sepharose.

Production of monoclonal antibody against VIII:C.

Monoclonal antibodies were produced as described in U.S. Patent
( No. 4,361,509 using purified VIII:C as immunogen. The
= antibodies were selected with a solid-phase assay in .
Linbro-TiterteﬁﬂkFlow Labpratories, Inglewood, CA) plates and
an enzyme-linked immunocadsorbent (ELISA) detection system
30 described in Engvall, E. and Perlmana, P. "Enzyme-iinked
immunoadsorbent assay (ELISA), Quantitative assay of

immunoglobulin G" Immunochemistry 8:871-874 (1%71)) using a

peroxidase-antibody conjugate (Zymed Laboratories, Burlingame,

35
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71, 000-72,.000. The 71,000-72,000 doubl et al one does not exhibit factor
VI1I:C acfivitly. The digestion is then discontinued by adding to the

creaction mxture an effective anount dfs (p-am di nophenyl) nethanesul f onyl

fluoride (hereafter, "p-APMSF")or another thronbin inhibitor. The p- APMSF

. prevents the [err]-thronbin fromreacting further with the factor VI11:C

proteins mﬁthout I tself degrading those proteins. The anmpbunt of p-APMSF to

POd Shob Laepprine ShRHbeluBrbd Rty APl LA RESS P Hur Y de @ VITT C, por

ty |n| presen actl ur e
can be 0mﬁ%£¥¥itfﬁ£9§ﬂ1§ﬁtbégﬁ@a%é“%ﬂ 88 supernatant of the clone

selected for use in this study also inhibited plasma VIII:C

5 activity.

Thrombin activation time course analysis of purified

VIII:C. Purified human {~thrombin(sp. act. 2534 U/mg, final
concentration 0.5 U/ml), was added to the purified VIII:C
10 (final concentration 167/ug/ml) in imidazole saline buffer
containing 0.04 M CaClz. Buffer alone was added to a control
aliquot. The solutions were incubated at room temperature and
15 at various time intervals samples of the VIII:C-thrombin
mixture were added to tubes containing p-APMSF (California
Medicinal Chemistry Co.) to inactivate the thrombin rapidly and
irreversibly. In order to minimize hydrolysis of p-APMSF, it
20 yas diluted 1:10 from a stock solution (100 mM in methanol)
into imidazole saline buffer 60 seconds before reaction with
the VIII:C-thrombin samples. The final p-APMSF concentration
was 1 mM. The control aliquot was treated similarly with
= p-APMSF at the start 6f the experiment. At the end of the 60
minute time course, all VIII:C samples were assgyed for VIII:C
activity using an activated parti&l thromboplastin time assay

30 described in the literature and then prepared for SDS-PAGE.

SDS-PAGE '"'Procedure A":

Discontinuous SDS polyacrylamide slab gel

electrophoresis was performed based on the procedure of

35
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Cheni stry Gonpapy, San Francisco, California, and its preparation is
described in Laura, R ; Robinson, D.J.; and Bing, D.H

*(p- Am di nophenyl ) met hanesul f onyl Fl uoftde, an Irreversible Inhibitor of
Serine Proteases”, Biochem stry (1980) 19, 4859-4864, at 4861. The reaction
m xture can then be treated to concentrate the pol ypeptide conpl ex
conprising the present invention. Preferably, the pol ypeptide conplex is
concent datiefboM 11, resRect NAPuPkhon 71 aglaqy- 4| poPgnONTHACI G Mddure A"
prot ei naceous material, to providethe conplex in a formwhich affords the
very high getigidy possessed by the conplex in the purified form
Purification techniques include, for exanple, ultrafiltration,

uItracentrifuggtionsaﬁggeeyggﬁgggtiqﬁl per neati on chr omat ogr aphy,
preparative el ectrophorests;

1. Dialyze the protein sample (ideally 50-100
microliters containing 5-60 micrograms of
protein) against sample buffer overnight at room
temperature. If the sample contains calcium ion,
include 10 millimolar ethylenediamine tetracetic
acid (EDTA) in the sample buffer.

10 2. Place the dialyzed sample in a tube and add 1/10

volume of 10% SDS. Cover the tube with aluminum

foil.  Heat the sample in a boiling waterbath for
10 minutes. -

3. Remove the sample from the waterbath and add to
: it 1/10 volume of 500 millimolar dithiothreitol.
15 Incubate it at 569C for 4 hours.

4, Allow the sample to cool to room temperature and
prepare it for layering onto the gel by adding
stock glycerol solution to 10% final
concentration and stock bromophenol blue dye
solution to 0.05% final concentration.

20 iI. Preparaion of gel solutions (use deionized, distilled
water)
1. Stock glycerol solution: 50% glycerol
[ 2. Stock bromophenol blue dve solutiom: 0.5%
' bromophenol blue .
25
3. Lower gel stock solution:
18.2 grams of Tris base
4 ml of 10% SDS
final volume 100 ml. )
Adjust pH to 8.8 with concentrated hydrochloric
30 acid. Filter.

4. Upper gel stock solution:

6.1 grams of Tris base

4 ml of 10% SDS

Final volume 100 ml .
35 Adjust pH to 6.8 with concentrated hydrochloric

acid. Filter. '

MMjkammRWimxd

" T



“i soel ectrizxc fogusihg, and gel and affinity chromatography. The desired
.conpl ex can al so be concentrated and/or recovered by passing the reaction
whi ch can al ready 9 have b&en concentrated by anot her

-m xture

t echni que,
“ant i bodi es,

t hrough an i mmunoadsor bent col um contai ning anti-human VI11:C
or equival ent antibodies against VIII:C other than human, that

react wth the pol ypeptide(s) of the conplex. The anti bodies are attached
to agarbse (see Bxanpl Eampbe|buffeSeveral antibodi es which can be used to
concentrate the conplex and/or isolate certain of the pol ypeptides thereof

are described

10

15

20

25

30

35

III.

0.01M sodium phosphate

1.0% SDS

10 millimolar disodium EDTA
Final volume 1 liter

pH adjusted to 7.0 with sodium hydroxlde ot
phosphor1c acid.

6. Acrylamide stock solution:

Dissolve 30 g of acrylamide in 50 ml of water and
add 0.8 g of bisacrylamide and dissolve. Bring
to 100 ml final volume. Filter the solution and
store in the dark at 4°C.

7. Stock electrode buffer solution;
30.3 g Tris base

144,1 g glycine
final volume 1 liter

8. Electrode buffer

100 ml of stock electrode buffer solution
890 ml water

10 ml1 of 10% SDS

g, Stock Coomassie blue dvye solution

1% Coomassie blue R 250 in water

Dissolve with stirring for at least 30 minutes at
room temperature and filter.

10. Aomonium persulfate solution

107 ammonium persulfate,
Stored in dark at 4°C and made fresh every week.

Gel Preparation and Running: Final acrylamide

concentration = /.>%

1. Lower gel solution

20 ml of lower gel

Stock lower gel solution S ml

Stock acrylamide solution 5 ml

Water 10 ml

N,N,N',N'-tetramethylethylenediamine .005 @l
(TEMED)

10% ammonium persulfate 0.1 ml
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- bel ow. The active *"VII1% C conpl ex adsorbs preferentially to the colum, and
Is then eluted fromthe colum with a iﬁlution of calciumions (e.qg..,
.CaCl[err]) which can optionally also coHtain a non-ionic surfactant.
Sui tabl e non-ionic surfactants include al kyl phenyl pol yoxyethyl enes such
-as Triton-X-100[err], -N101[err], or -X-405err](Eastman Chem cal Co.);
Tween-20[err] -60 or -80[err] (Signma Chem cal Co.); and Uoni det

P-40[erf] (Si gma @hem @%D&O-gél add1@fF1Lhese are well-known articles of
comer ce havi ng known ' — The anmounts of calciumion and
surfactant to use shoylg she J¢ gl sepugbito desorb the pol ypeptide conpl ex,
but not so high that fhengiuant inLL?leeS t he pol ypeptide. A calciumion

concentration of up tGege O S MOLo8YgRdy to 1.0 Mis satis&ggtBiy,
Sfock SEEFERIGe colucs

and 0.25 Mis preferr e solution 1.0 ml
Water 6.5 ml
N,N,N',N'-tetramethylethylenediamine 0.01 ml

(TEMED)
10% ammonium persulfate 0.03 ml

3. Procedure:

10 a. Prepare the slab gel apparatus for a 14.5 cm x
9.0 cm x 0.8 mm slab gel. The apparatus is a
standard gel electrophoresis apparatus,
available, for instance, from Hoeffer Scientific
Instruments, San Francisco, California.

b. Mix all lower gel ingredients except the TEMED

15 and ammonium persulfate in a 50 ml vacuum flask
and de-aerate. Then add the TEMED and ammonium
persulfate, mix gently and pour the lower gel
immediately. Layer the lower gel with
water-saturated butanol and allow it to
polymerize undisturbed for at least 1 hour,
preferably 2-6 hours.

=0 c. Pour off the butanol layer and rinse the top of

the lower gel with the complete upper gel
mixture. (The upper gel mixture is prepared,
de-aerated and TEMED and ammonium persulfate are
added as for the lower gel above).

" d. Pour the upper gel and insert the comb into the
25 upper gel allowing at least 1.0 cm between the
bottom of the comb teeth and the upper ge%hlower
gel interface. Fill with upper gel solution as
full as possible. Allow upper gel to polymerize
at least 1 hour before running the gel.

e. 'To remove the comb, pipet electrode buffer over
30 the top of the upper gel and gently remove the
comb, Rinse the upper gel wells with electrode

buffer several times.

f. Assemble the apparatus for running and add
electrode buffer. Apply the sample(s) by
layering it into the upper gel wells underneath

35 the buffer layer.
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concentrat ison of up'to ) 1 w. %is satisfactory, and about 0.1 wt. %
Ls preferred. The eluant is applied to the i munoadsorbent col umm at

lto 8 bed vol unes per hour, aﬁH’preferany about 3 to 4 per
hour. Too high a 10 flow rate risks di sruption of the colum and

non- absor ption of the pol ypeptide conplex. The skilled practitioner

will. readlly adapt these %qldellnes t o i mmunoadsorbent processes other than
fi xed-bed col ums. TBe VI | Uncqhﬂ3gﬁ#nwﬁengonph@%an£rQMIW@méd in a
suitable buffer, at a pH of 6.8 to 7. whi ch al so

8 milliamperes whlle samples are in the upper gel
and 15 milliamperes while samples are in the
lower gel. Stop the electrophoresis when the
: . bromophenol blue dye front is 1.0 cm from the
5 bottom of the lower gel.

1v. Fixing and Staining the gel

Reference: Fairbanks, G., Steck, T.L., and Wallach,
D.F.N., Biochemistry 10, 2606-2617, 1971.

10 1. Fix the gel at least overnight in a sealed
chamber in a solution containing 25% isopropanol,
10% acetic acid, 10.ml of 1% Coomassie blue stock
solution, final volume 400 ml.

2.  Next, soak the gel at least 1 hour in 10%
isopropanol, 10% acetic acid and 1.0 ml of 1%
15 Cgoma551e blue stock solution, final volume 400
ml.

3. Soak the gel about 4. hours in 10% acetic acid
with changes or until completely destained.

4. The destained gel can be dried onto filter paper
20 using a gel dryer to increase contrast.

Approximately 5-20 g of protein was applied to the gels.
VIII:C Mrs were calculated for reduced samples by
semilogarithmic plots of M, versus migration distance, using
reduced fibronectin (M, 200 000), phosphorylase b (M,

[ 95,000), bovine serum albumin (M 68,000), and IgG heavy

o chain (My 50,000),. and ovalbumin (My 43,000) as standards.

25 Scanning and integration of a photographxc print of the
finished gel was done using a Zeineh soft laser scanning
densitometer.

Results. The specific activit& of the purified factor
30 VIII:C was 2000 units/mg. Thrombin activation of purified
VIII:C activity was analyzed over a 60 minute time course.
Before thrombin exposure the untreated VIII:C sample showed the

characteristic array of VIII:C forms ranging from a doublet at
35
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contains calciumion and surfactant fromthe eluant solution. The cal ci um
and surfactant concentrations can be |ppered, and the surfactant preferably
renoved, such as by dialyzing the solution against a buffer such as the
VI11:C buffer used in Exanple 1 which contains a | ower anount of cal cium

i on. The conpl ex can be stored in this solution, or

| yophi l i zed. The conplex can be adm nistered to patients with henDphlllc

cIottlngldbso&d@@sdnoigbLg@gngotgebgﬁhc%%n% onlefé§%§95e phy |oIo%gfally

conpatible &nd injecting a sterile saliné solution eof .

by SDS- PAGH as- glavndre! t bi £s-an f. abo t 92 00
and can norfal |y conggfﬁﬁﬁ%t%€§aﬁgggﬁi%P?fﬁéqgn N¢7gbggbe? gf , 000
and about 86, 26e. o8 KnaDi £he $30 1Have %H%%ﬁEW§ 1mmunoadsorbent. The

5 bands between M.=79,000 and M_=188,000 did bind to the
anti-VII1:C antibody.
Dur;ng the first 5 minutes of the thrombin activation time
10 course, all but one of the monoclonal anti-VIII:C antibody
reactive bands with én M. greater tham 92,000 gradually
disappeared and were undetectable when VIII:C activity reached
its peak at 5 minutes.
15 4 band at Mr-= 122,000 appeared thrombin-resistant in only
some experiments, Eut after extensive thrombin treatment

ne?thet this band nor.any other band was reactive with the
immobilized monoclonal anti-VIII:C. antibody.

20 | A band at Mr = 92,000 increased in intensity as
VIII:C activity increased. A doublet at M. = 79,000 and
80,000 appeared to be converted to a doublet at Moo= ‘

25 71,000-72,000,_with the latter form predominant from 5 to 60
min. as VIII:C activity decreased. Two bands, at Mr = 54,000
and M: = 44,000, became clearly visible from 5 to 60 min.
The M_ = 44,000 band also appeared as a doublet in some

30 §xperiments. The M. = 71,000-72,000 doublet, the M=
54,000 band and the M. = 44,000 band were not removed to a

significant degree by the immobilized monoclonal anti-VIII:C

antibody.
35
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degradation to exhibit an M doubl et of about 71,000 and about 72,000. In
its purified form this band or the group of these bands are essentially
the only bands that appear. However, |@ds than 100% i.e., 95% 90% or
even 80% 70% or 60% or even as little as 30% 20% 10% or 1% of the
prot ei naceous matter present in the biological preparation may conprise the
coagul ant. The protein conpl ex possesses specific VIII:C coagul ant activity

(that is,jactivity peBcanhliihgraedofinaldgdu©oieh noHresengelhidgdharuddwd ddmie
exhibrted byallowed correlation of changes in polypeptide concentration
with changes in VIII:C activity. The results are shown in the
5 Table. As shown, the Mr = 92,000 band increased and then
decreased in concentration in parallel with VIII:C activity.

This suggests that the Mr = 92,000 band is an active form of

VIII:C whose concentration increased with thrombin activation.

10 The Mr = 54,000 and Mr = 44,000 bands increased steadily in
( concentration between 1 and 40 min., even after activity of the
mixture declined.
15 | Most of the M_ = 79,000-80,000 doublet was lost

during the first 0.1 to'lO min. as VIII:C activity peaked,
while most of the Mr = 71,000-72,000 doublet appeared during
this time and p;edominated even as VIII:C activity decreased.
20 These data suggest that the Mr = 71,000-72,000 doublet was
derived from the Mr = 79,000-80,000 doublet and that_thé Mr
= 71,000-72,000 doublet is inactive by itself. These data are
( ~consistant with the retention by the M_ = 71,000-72,000
25 doublet of the ability to complex with the M. = 92,000
polypeptide; this complex would also have activity.
Direct evidence that the Mt-= 92,000 polypeptide is
30 complexed with the Mr = 79,000-80,000 doublet derives from
experiments utilizing the anti-VIII:C monoclonal
‘immunoadsorbent. It was first shown that the monoclonal

antibody reacts predominantly with the M, = 79,000-80,000
35 doublet and not with the M_ = 92,000 polypeptide. This was
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purified human factor VI'I1:C, for instance human factor. VI11:C purified by
the process disclosed and clained in the aforenentioned U.S. Patent No.
4,361,509. |Indeed, the activity of t 2 purified conpl ex should be severa
times, e.g., 3 to 5 tines, that of purified human factor VIII1:C, and is
advant ageousl y at | east 10 times or even 50 tines as active. Likew se,

bi ol ogi cal, preparations conprising the conplex in association with one or

more ot ﬁersﬁbﬁ%b%e&%’&t@.‘%ﬁfﬁfﬁ% M@éﬁef%h'elaapteﬁnwﬁesspe%ahc idCHagi ty

than that afforded in previou own coagul ant® preparati ons. The specific
activity obkhbha ¢8R Phe %{a‘k&éwﬁmoghea' 24 OPSe 5N 8hBVRE bbthl $he

hi gher than 1800 Units/ng, advantageously hlg er than 5400 Units/ng, and in

move advaniageoys ,euRedoTRING SHGEELE Znéo%@(?«rw, 4800881ypeptide

5 from tbé solution., The M_=92,000 polypeptide could be eluted
from the anti-VIII:C immunoadsorbent colﬁmn with 10 mM EDTA,
whereas the Mr=79,000-80,000 doublet remained bound. The

10 doublet could be subsequently eluted with 3M sodium
thiocyanate. These experiments demonstrated that the
Mr=92,000 polypeptide bound to the immunoadsorbent because it
was complexed with the Mr=79’000'80’000 doublet and that it

15 was this doublet which bound directly to the immunoadsorbent.
20
25
30

35
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Units/nmg. Rreferably, the specific activity of the preparations exceeds
that of the purified human factor VII1:Z3 used herein by a factor of 3 to 5,
and nore advantageously by at |least 10 tines, by 50, or even by 100 tines.

12 The protein conple and bi ol ogi cal
preparations thereof, jare characterized in that ghe gnhanced activity
descri bed above re?i S pgesent over %;COH"[I nLous: peri i gd of at |east
10 minut@s and preferabl y~at || east 30 @nulles™ Qf course, activity
will generally be stable for{nuch | onger. The conpl ex gl so possesses the
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i mmunol ogi cal characteristics of a factor VI11:C protein, i.e., it binds to
an anti body for human factor VIII:C Igis can be ascertained, for

it nstance, by growi ng a nonocl onal ant i45 dy to factor VII1:C as descri bed
bel ow, attaching the antibody to an agarose columm, passing an aqueous

sol ution of the conplex through the colum, -and assaying the resultant

solution for factor VIII:C activity. The poI peptides of M = 92,000 and M
= 79,000 80,000 are stable, relative L@Kﬁﬁzhéezﬂunan factor VI11:C which is

notoriously susceptible to proteolysis, degradation, and resultant |oss of
coagul ant activity. This stability is denpnstrated by the pol ypeptides

ability to survive Lﬁs treatnment steps described herein. EXAMPLE |
xample describes the results of treating

5 purified human Factor VIII:C with purified human activated
protein C (hereafter, “APC"), a known anticoagulant enzyme.
Human Factor VIII:C was purified as described above. APC was
purified by the procedure described in Marlar, R.A. et al.,

10 "Mechanism of actiom of human acﬁivated protein C, a
{ thrdmbin—dependent anticoagulant enzyme." Blood, Vol. 59, 1067
(1982), except that a mono S column of a Pharmacia FPLC system
15 was used to separate APC from thrombin.
Assays: Samples were assayed for VIII:C activity as
described above using an activated partial thromboplastin time

assay with hemophilia A plasma substrate.

20 Preparation of samples for electrophoresis: Since

calcium ions are required for APC activity, APC was stopped at

various times by addition of 1/10 volume of 100 mM EDTA containing 10 pM
dansylarginine N-{3-Ethyl~1,5-pentanediyl)amide (DAPA) to the VIII:C + APC

25 aliquots as well as to the control VIII:C and APC aliquots. A 1/10-volume
of 10 %

LAY

sodium dodécyl sulfate was then added to these aliquots. They
were then heated in a boiling waterbath for 5 minutes and
30 subsequently dialyzed for SDS-PAGE as described above.
Discontinuous sodium dodecyl sulfate 7.5%
polyacrylamide gel electroéhoresis (PAGE) of reduced VIII:C,
staining with Coomassie blue R250 and scanning and integration

35 of the gel were as described above.
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This Exanpl e shaws how factor VII1:C was purified fromcomercia
concentrate and digested with purified [err]-thronbin. 1 3 A nonocl onal
anti body to factor VII1:C was produced add used to identify VIIN1:C
pol ypeptides. At several selected points during the digestion, portions of
the digestion m xture were assayed for VIII1:C (coagul ant) activity, and for
protein bands using SDS-PAGE. Purification of VIII:C. Al steps were at
room t enpkr at ure. Ch@aihedles pmens TaoiEnt gAaBéS}ugtme¢k5 of ¥dkietcial 0.3
factor VIII1 concentrate (provided by Arnour

ml of VIII:C buffer containing 0.3 M calcium chloride was

dialyzed overnight against buffer (50 mM Tris-chloride, 0.15 M
5 sodium chloride, 5 mM calcium chloride, 0.02% sodium azide, pH
7.4). To the dialyzed VIII:C sample was added 1.095 ml of
buffer, 90‘F; of rabbit brain cephalin (Sigma Chemical Co., St.
Louis, HD, reconstituted, stored and thawed according to
10 manufacturer’'s instructions) and 15/u1 of 1 mM
L, ' DAPA , to give a final DAPA
concentration of lOIuM. The DAPA was included to inhibit any
15 trace amounts of thrombin present in the APC since IO/UM DAPA
does not significantly inhibit APC. The final volume of the
sample was 1.5 ml and the final VIII:C concentration was 226
lpg/ml. Four hundred ﬁicrolitets of the 1.5 ml VIII:C sample
20 yere withdragn and set aside as a control (designated VIII:C).
Td the remaining 1.1 ml was added 20/pl (10 ug) of APF giving a
final APC concentration of Q/ug/ml (designated VIII:C + APC).
A second control sample was prepared containing all components
= at similar concentrations except that VIII1:C was omitted

(designated APC).

Timepoints: VIII:C alone; the mixture of VIII:C 'and
0

30 APC, and APC alone were placed in a 37 C waterbath and at
given timepoints aliquots were.withdrawn for SDS-PAGE and/or
VIII:C activity assay. It was also determined in control that
APC remained active in the hydrolysis of the synthetic

35 substrate .5-2238 after prolonged incubation at 37°c.
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Phar naceut | cal ), wer'e retonstituted in 1000 M of VIII:C buffer (0.02 M

I m dazol e/ 0. 15M sodi um chloride/0.1 M L-1ysine HC /0.02% sodi um azi de, pH
6.8). This sanple, which contained a tof@l of 17,000 units of VIIl:C
activity, was applied to a 2.5 - 3.0 liter bed volune I mmunoadsor bent
colum. The colum was cyanogen brom de-activated agarose (Sepharose 4B,
Phar maci a, Pi scataway, New Jersey), to which nonocl onal antibodies to

VI11:R had been covalediilys bongede s FRE AR rerfalgediapd ed
to the colum as deéﬁTTTEEFTn th %egfoggngntﬁgﬁgg§tﬁg %gteﬁt ﬁSH 2@ re

The anti bodisedaieitedreitpitasedofrg i‘%g'r%%%%efl @5715?199@90/9:66@6'1“@‘111 C

sulfate, reprecipitated two nore ti attached to the colum

a densit Zﬁ?&%"fﬁﬁy”;c Ta,}]pant‘ eﬁ%‘@f%@zo?ih%f' PI40RASQI PERE a5 BLEtEHUER the
5 dlmlnut1on of all VIII:C polypeptides of M_ between 92,000
and 188,000 and genetatlon of a polypeptide of M =45,000,
while leaving the doublet of M. = 79-80,000 intact.
A time course inactivation of purified~VIII£C by APC
10 showed the progressive disappearance of specific Viii:c
polypeptides as VIII:C activity decrease@ over a 360 minute
time course. Scanning and integration of the gel showed that
15 the poélypeptide M_ = 188,000 and the polypeptide of M, =
92,000 decreased in parallel with VIII:C activity.
One otber polypeptide. of intermediate Mr was cleaved
by APC but it was not easily quantitated by gel scanmning. In
20 this experiment unlike the digestion with APC, some VIII:C
polypeptides of M. = 92,000-188,000 were resistant to the APC
digesﬁion. However, as in the digestion with APC, the doublet
o5 polypeptide at M = 79-80,000 was not proteolyzed by APC.
A polypeptide of M_ = 45,000 appeared to increase in
concentration as the polypeptides of Mr = 188,000 and 92,b06

decreased suggesting that it is a proteolytic fragment derived

30 from them. No other digestion products were visualized with

Coomassie blue.

As shown in Example I, during thrombin activation of

VIII:C the Mr = 92,000 polypeptide increased and decreased in
35 |
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nashed with VI1]:C buffer (0.02M i m dazole HO pH 7.0, 0.15 M Nad, 0.1 M

L-1ysine-HO, 0.02% sodi um azide), treated twce with 2mM di-i sopropyl

£l uorophosphate, and then the concentrate was added. 14 The col unm was

washed with 20 liters of VII1:C buffer containing 0.15 M sodi um chl ori de,
and VII1:C was then eluted fromthe VIII:Rwth VIII:C buffer containing

- 0.35 Mcalciumchloride. Active fractions were pool ed and concentrated

under nilt r ggeR 1Neas sMtq XPOrf ot d m c ' e L1k

menbr ane. %he concentrate vvasD(% hae%eéig%?ed ?ﬁlﬁir]éﬁﬁ?:%ét&&fﬂné #Hbher
linear relationship existed between proteolysis of the
polypeptide of Mt = 92,000 and the loss of VIII:C activity,

5 the data of this time course inactivation run were re-plotted
to examine percent VIII:C activity versus percent of
polypeptide of Mt = 92,000. The amount of VIII:C activity
appeared to be proportional to the amount of the polypeptide of

Mt = 92,000.

10

The.present invention relates to
monoclonal antibodies which are specific in an unforeseeable
15 way to the various polypeptides which are formed by the
reaction of factor VIII:C with a protease such as
alpha-thrombin. Each antibody reacts with human factor VIII:C

which has not been activated nor digested with thrombin or

20 equivalent proteases. The antibodies are further characterized
bf their 'individual properties, as follows:
(A) One reacts with the M_=92,000 polypeptide
( o5 described hefeig, with polypeptides of Mr=108;000 and larger,

and with the polypeptide of Mr = 44,000 which is present in

terminal-thrombin digests. It does not teact with the

I

polypeptide described herein which exhibits a doublet of'Mr
30 79,000-80,000, nnr.with the polypeptide described herein which
exbibits a doublet of M_ = 71,000-72,000.
(B) One reacts with the M =92,000 polypeptide

described herein, with polypeptides of Mt=108,000 and larger,
35
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buffer and applied to a 4 mi col utm of ami nohexyl - Sephar ose (Phar naci a)
equilibrated in VII11:C buffer containing 0.025 Mcalciumchloride, VIII1:C
was eluted in high concentration with VII45C buffer containing 0.3 M
calciumchloride at a flowrate of 10 ml/hr. The concentrated

i nmunoadsor bent pool was adjusted to 0.25 M cal cium chloride and adsor bed
twce for 1 h each time with 1/10 vol/vol of a m xture of nonocl onal

anti - fi brilnoged, washi thiepperletnept bde abt MW G Hddikéchhishphadebsenn
coupl ed to cyanogen _bromni de-activated Sepharose. Production of nonocl onal
anti body agaFAsmiveld| toravinioe|digestati bddi evepemoprodactdwashdeberi bed
in U S Patent No. 4,361,509 using purified VII1:C as i munogen. The
anti bodi es wepdypepddded degdr thed| herphiasetdsdnyeytnibits a doublet of M. =
Linbro-Titerte[err] (Fl ow Laboratories, |Inglewod. CA) plates and
5 79,000-80,000, nor with the polypeptide descrlbed herein which
exhibits a doublet of Mr = 71,000~72,000.
(C) One reacts with the doublet of Mr=79,000-80,000
and polypeptides of Mr=108,000 and greater, but not with the
10 polypeptide of M£¥92,000, nor with the polypeptides of M_ =
C, 71,000-72,000, M_=54,000, nor M_=44,000.
(D) One reacts only with polypeptides of Mr=108’000
15 and greater.

Each of these antibodies can be used to concentrate
the complex described above, from mixtures which also contain
other .polypeptides. One such mixture is produced by partial

20 digestion of human factor VIII:C with of-thrombin or an
equivalent protease. Another such mixture is that produced by
recombinant DNA téchniques in which a desired polypeptide or

( ' complex is expressed by a microorganism and must be recovered

% from a mixture with other proteinaceous compounds. Antibody

(8)., (B), (C) or (D), or a combination of two, three, or all of

them, can be attached to an immunoadsorbent column in the

30 manner described in Example 1, and a feed solution of the
mixture containing the polypeptide(s) comprising the complex is

poured through the column. Those polypeptides having M_ of

92,000, 79,000-80,000, and 71,000-72,000 which are present in
35
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an enzyme- li nked i munoadsorbent (ELI SA) detection .system described in
Engvall, E. and Perlmann, P. "Enzyne-linked i nmunoadsorbent assay (ELI SA),
Quantitative assay of inmmunogl obulin G29l nmunochem stry 8:871-874 (1971))
usi ng a peroxi dase-anti body conjugate (Zyned Laboratories, Burlingane,
CA). The plates were coated with 100 ng of purified VIII1:C per well. The
ELI SA- positive culture supernatant of the clone selected for use in this
study al $othehfbetedopuzimm dddord ashtui tiie Eolambin Sromvehich thep can
course analysis of Purified VIII1:C. Purified human [err]-thronbin(sp. act.
2534 U ng,béi eblited as taught hereinabove after the source solution has

been washed through the column. The resulting eluted solution

5 is thereby concentrated in the desired activated VIII:C complex

10

15

20

25

30

35

compared to the feed solution.

The new antibodies are also useful for analytical
purposes, to detect the occurrence of the reaction of human

VIII:C with thrombin or other proteases, because of their

ability to react -with products of that reaction. An antibody
having profile (B) and an antibody having profile (C) have been
found which neutralize VIII:C coagulant activity when either is
bound to factor VIII:C. This additional property can be of
value in the diagnosis of hemophilia-related disorders.

The discovery of these antibodies also permits further
characterization of the components of the polypeptide complex

described herein. Thus, the polypeptide which exhibits a band

of Mr=?2,000 contains (at least) two epitopes (i.e. antibody

binding sites) that are not desttoyed by thrombin diggstion and
are not present on the polypeptides which exhibit the doublet
of M_=79,000-80,000 nor the doublet of M_=71,000-72,000.

One of these epitopes is also present on the polypeptide of
Mr=44,000, and the other on the polypeptide of Mr=54,000.

Thus; the Mr=54,000 and Mr=44,000 polypeptides derive from

the M_=92,000 polypeptide. Also, the M_=92,000 and

M_=79,000-80,000 polypeptides are derived from a common
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concentration 0.5 Um ), was added to the purified VII1:C (final
concentratifon 167 [err]g/m) in imdazole saline buffer containing 0.04 M
CaCl[err]. Buffer alone was added to a ggntrol aliquot. The solutions were
i ncubated at roomtenperature and at various tinme intervals sanples of the
VIII:CGthrombin m xture were added to tubes containing p-APMSF (California
Medi cinal Chem stry Co.) to inactivate the thronbin rapidly and

i rreversibl yprelauraaterod opreduftéeshy drley H Ss v P PPYEF a nitts HesS o |
1:10 froma stock solutig% (100 MM i n nethanol Yn¥g ini§g23Ie sa |£%RQ%8

buf fer 60 seguafdddefB)y &qﬂ@aﬁibﬁi‘l%@%}]@%c\ﬂ Id¢ Qa%?&ﬂ”’%%t%%ﬁ?&'z%% efda.UE%r

final p-APMSF concentration was 1 e control I quot was treat

T IRy Lk’ 0RO Tt BRSO
5 M.=92,000 and M_=79,000-80,000 polypeptides are important
to the coagulant function. The polypeptides exhibiting the
doublet of Hr=79,000-80,000 contain an epitope which is

16 destroyed by thrombin digestion and which is not present on the

polypeptide of Mr=92fG00'
These monoclonal antibodies can be prepared by the
general steps of purification of human factor VIII:C; raising

15 monoclonal antibodies to the purified VIII:C; partial digestion
apd activation of purified VIII:C to prdduce the polypeptide
complex described above, including identification of the
specific polypeptides; reaction of the anti-VIII:C antibodies

20 with the products.of the activation; and characterization of an

antibody by identification of the polypeptide(s) with which it

reacted. This sequence is set forth in more detail in Example

( 25 III below. Altermatively, one can prepare an antibody bj

isoléting the particular polypeptide of interest from the

partial thrombin digestion products, for instance by
immunoadsorbtion onto and then elution off of a column

3C comprising agarose to whiéh is coupled a monoclonal antibody
‘known to react with the polypeptide of interest, and then
raising a monoclonal antibody against that polypeptide using
the'proéedure described in-Example 1II.

35

This Sheet Has Been R:iiliiced

AN



adtivity using an activated partial thromboplastin time assay described in
the literature and then prepared for SDS-PAGE. SDS- PAGE "Procedure A"
Di"scont i nuous SDS pol yacryl am de sl ab ggh el ectrophoresis was perforned
based on the procedure of 16 Laenm i, U K, Nature 227, 680-685, 1970.
The "Procedure A" followed is: I. Sanmpl e Preparation 1. D alyze the

protein sanple (ideally 50-100 mcroliters containing 5-60 m crograns of
1 EXAMPLE III

Monoclonal antibodies to human Factor VIII:C were
5 raised using the following procedure, starting from highly
purified VIII:C which had been prepared by the process of U.S.
Patent No. 4,361,509.
Mice were injected with highly purified factor VIII:C
10 according to the following procedure. On day zero, the mice
were injected intraperitoneally with a composition prepared by
dissolving (or suspending) 10/ug of the protein in 0.1 ml of
15 buffer containing 0.05 M Tris, 0.15 M sodium chloride, 0.02%
sodium azide, 1 mM phenyl methyl sulfonyl fluoride, trasylol 10

units/ml at pH 7.3, and sEaking with an equal volume of

complete Freundfs adjuvant. On day 14, the mice were again
20 injected with the same material except that incomplete Freund's
adjuvant was substituted for complete Freund's.adjuvant. On
day 21, the injection of day 14 was repeated. On day 38, the
( mice were injected with purified VIII:C only. On day 42, the
= spleens of the mice were removed and fused according to a
standard procedure, of the type described by J. P. Brown et al
"Protein Antigens of Normal and Malignant Human Cells
30 ldentified by Immunoprocipitation with Monoclonal Antibodies™,
JOURNAL OF BIOLOGICAL CHEMISTRY, Vol. 225, pp. 4980-4983
(1980). The standard technique was varied only to the extent

that 35% polyethylene glycol 1000 was substituted for 50%
35 polyethylene glycol.
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protein) agai nst: sanpl e buffer overnight at roomtenperature. If the sanple

contains calciumion, include 10 mllinolar ethylenediam ne tetracetic acid

(EDTA).. in the sanple buffer. 2. Pl acezphe dial yzed sanple in a tube and

add 1/10 vol unme of 10% SDS. Cover the tube with alum numfoil. Heat the

sanple in a boiling waterbath for 10 m nutes. 3. Renove the sanple from
the waterbath and add to it 1/10 volunme of 500 m_||inolar dithiothreitol

Incubate }t at 56[ erF)€ 3vkiRoddapsvesre seleqlpd nEsiagIde ATHY REPGROT e

tenperature, and prepare it for Iayerin%:onto t he gel by addi ng stock .

gl ycer ol sdafgsoirbe®d aboyei hml Example 1, in the paragraph with the heading

' "Production of monoclonal antibody against VIII:C", except that

5 antibodies which did not neutralize VIII:C activity were also
subcloned and treated as described below.
The clones which were positive were subcloned twice
and stable clones producing antibody to VIII:C were then

10
injected into the peritoneal cavities of Balb/C mice which had
been pretreated intraperitoneally with 0.5 ml of pristane at
least four days prior to injection of cells. Hybridoma cells

15 were injected at concentrations of approximately 5 x lO6
cells per mouse in 0.5 ml of Delbecco's modified Eagle's medium
without fetal bovine serum. The mice were tapped when bloated
and ascites fluid was collected in heparin at approximately 10

20 units/ml. Ascites fluid from multiple mice was pooled to

provide a convenient volume for subsequént isolation of the

monoclonal IgG. The antibodies were precipitated from ascites

( fluid using 50% ammonium sulfate, and then reprecipitated two

25 .
more times. The anti-VIII:C antibodies so raised corresponding
to (B), (C) and (D) above were bound to agarose beads and shown
to bind purified VIII:C from solution.

30 Separate batches of VIII:C, one untreated and one
subjected to thrombin proteolyéis, were then analyzed by the
SDS-PAGE steps described in Example 1. Then, each band was
transferred electrophoretically (Western transfers) from the

35 gel onto a nitrocellulose sheet. The apparatus used was
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eoncentrati,on and stock ‘bronophenol blue dye solution to 0.05% fi nal

concentration. I1. Preparation of gel solutions (use deionized,
distilled water) 1. Stock glycerol solgfion: 50%glycerol 2. St ock
br onophenol bl ue dye solution: 0.5% bronophenol bl ue 3. Lower gel stock

solution: 18.2 granms of Tris base 4 m of 10% SDS final volume 100 ni .
Adjust pHto 8.8 with concentrated hydrochloric acid. Filter. 4. Upper

gel Stoc@f%&éﬁﬁgﬁ:”Trans-Blot" cell, and Bio-Rad Model 160.1.6 power
supply (Bio-Rad Laboratories, Richmond, California). The
transfer buffer was 25 mM Tris with glycine added to pH 8.3,
5 20% methanol. Transfers were carried out over 16-24 hours at
90 volts and 100 milliamperes. |
The specific polypeptides with which each of the
antibodies reacted were determined using a procedure adapted

10
from W. M. Burnette, ''Western Blotting: Electrophoretic

—

Transfer of Proteins from Sodium Dodecyl Sulfate Polyacrylamide
Gels to Unmodified Nitrocellulose and Radiographic Detection
15 with Antibodies and Radioiodinated Protein A", Analytical
Biochemistry, Vol. 112, pp. 195-203 (1981).
"Buffer D" was 10 mM Tris chloride, 0.15 M NaCl, 0.02%

sodium azide, pH 7.4. All reactions were carried out at toom

20 temperature.
1. Place the nitrocellulose sheet with the
transferred protein in a tray containing 100 ml of Buffer D and
( 25 0.25% gelatin. Place the tray on a rotary shaker and shake

slowly for 30 minutes.

2.  Then add the monoclonal antibody to the tray
(either 0.1%Z - 1% of ascites fiuid-or 1 mg of purified IgG).
30 Shake for 120 minutes.
3. Wash the nitrocellulose sheet as follows:
(a) 10 minutes with 100 ml of Buffer D.
(b) 30 minutes with 100 ml of Buffer D and 0.05 % of

35 Nonidet-P-40, with changes at 10 and 20 minutes.
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ams gf Tris. base'4 m of 10% SDS Fi nal volunme 100 m Adjust pHto
i th concentrated hydrochloric acid. Filter. 17 5. Sanpl e buffer
sodlun1phosphate 1.0% SDS 10 mi || pgol ar di sodi um EDTA Final vol une 1

;' (¢) 10 minutes with 100 ml of Buffer D.
4. Soak the nitrocellulose sheet in Buffer D.plus

0.25% gelatin and Ilzs-labelled purified rabbit anti-mouse
> 1gG for 30 minutes.

5. Wash the nitrocellulose sheet as follows:
(a) 10 minutes with 100 ml of Buffer D.
10 (b) 16-24 hours with 100 ml of Buffer D plus 0.1%
Nonidet P-40 and 0.5 M NaCl.
(¢) 10 minutes with 100 ml of Buffer D.
- 6. Blot the nitrocellulose sheet between two sheets
15 of filter paper and then store the nitrocellulose sheet in a

sealed plastic bag.

7. To determine which antibodies and polypeptides

héd feacted,

20 : :
(a) Prepare an autoradiograph of the nitrocellulose

sheet, using standard procedures known in the literature.
._. (b) Compare the autoradiograph with a nitrocellulose
25 sheet onto which VIII:C was transferred but which had been
stained with Coomassie blue R250 rather than reacted with
monclonal antibody.
These steps demonstrated that the following distinct
30 antibodies had been raised.
| Four antibodies reacted with the polypeptide of
Mr=92’000’ the Mr%108,000 and larger polypeptides, one or:
the other of the polypeptides of Mr=54;000 or 44,000 present

35 ia terminal thrombin digests, and no other polypeptides. This
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pH adjusted.to 7.0 with sodi um hydroxi de or phosphoric acid. 6.

Acryl am de stock solution: Dissolve 30 g of acrylamde in 50 ml of water
and add 0.8 g of bisacrylam de and dissp{ve. Bring to 100 ml final vol une.
Filter the solution and store in the dark at 4[err]C 7. St ock el ectrode
buffer solution: 30.3 g Tris base 144.1 g glycine final volune 1 liter 8.
El ectrode buffer 100 m of stock electrode buffer solution 890 m water

1 demonstrates the origin of these two latter polypeptides from
the polypeptide of'Mr=92,000 as thé result of thrombin
cleavage. It also shows that two epitopes on the M_=92,000
polypeptide survive that cleavage, and that these epitopes are
not present on the_Mr = 79,000-80,000 doublet.
A fifth antibody reacted with the doublet of Mr =
1o 79,000-80,000, and with polypeptides of Mr=108,000 and
greater, but not with the polypeptide of M_=92,000 nor with
any of the polypeptides present in terminal thrombin digests.
This demonstrates that thg Mr=79.000-80,000 doublet possesses
15 an epitope which is not present on the Mr=92’000 polypeptide;
and that the epitope is destroyed by thrombin digestion of the
M, = 79,000-80,000 doublet.
The réaction ptofilés of these five antibodies
*0 indicate that the M_=92,000 and M_ = 79,000-80,000
polypeptides derive from a common ptecufsor OT Precursors.
A sixth antibody reacted oniy with polypeptides of
{ 25 Mr=108,000 and greater. Since it did not react with any
polypeptides present in terminal thrombin digests, the.epitope
with which it reacted is destroyed by thrombin digestiom.
To prepare and store a biological preparation of one

30 or more of these antibodies, the corresponding monoclonal IgG

may be isolated from heparinized pooled ascites fluid

immediately after collection or a frozen portion of the stored -

solution may be thawed. Regardless of whether fresh or frozen

35
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10 mM of 10% SDS 9. © Stock Coomassi e blue dye solution 1% Coonassi e blue R
250 in water Dissolve with stirring for at |least 30 m nutes at room
tenperature and filter. 10. Ammoni um peassul fate sol uti on 10% anmoni um
persul fate. Stored in dark at 4[err]C and nade fresh every week. 111. Gel
Preparati on and Runni ng: Final .acryl am de concentraction =7.5% 1. Lower
gel solution 20 m of |ower gel Stock |ower gel solution

5 n St dchageryladmide waddif i Ofle solution is broughn1to 4°C and treated
with an equal volume of phosphate buffered saline solution
(pBS) (PBS: 1.6 g sodium phosphate, monobasic monohydrate; 8.4
5 g sodium phosphate, dibasic anhydrous; 61.4 g sodium chloride;
water to 7 liters; pH=7.2). The diluted ascites is
precipitated by dropwise addition with stirring at 4°¢C.
Centrifugations are preferably carried out at 14,000 rpm for 60

10
minutes (30,000 x g). The supernatant solution of ascites is

-~

precipitated twice more with SAS and the mixture of precipitate
and supernatant liquid stirred and centrifuged in the same
15 manner as in the first cycle. The pellets resulting from the
third precipitation are resuspended in a volume of PBS equal to
that of the diluted ascites fluid and then dialyzed
exhaustively against PBS. Clots appearing in the dialysis bags
20 are removed by centrifugation at 20°C. The dialyzed IgG is
adsorbed by stirring it witﬁ a 5% aqueous solution of aluminum
hydroxide at room temperature and centrifuging at 20°C after
( > adsorﬁtion. The adsorption treatment is repeated at least
> three more times using 2.5% aluminum hydto#ide solution for
each treatment after the first. The adsorbed IgG is brought to
4°C and reprecipitated once with SAS as described above. The
30 preciﬁitated pellets may be stored at -20°C until used.
Two. preferred procedures for purifying the monoclonal

antibodies and maintaining biological preparations containing

them are described in P. L. Ey et al., "Isolation of Pure

35
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Wat er . . ’ 10 M N, N N

, N -tetranet hyl et hyl enedi am ne .005 mM (TEMED) 10% ammoni um

persul fate 0.1 m 18 2. Upoer gel solution 10 m of
upper gel Stock upper gel solution 37 2.5 m Stock
acryl am de sol ution 1.0 M Water

6.5 mM N, NN ,ZN-tetranethyl ethyl enedi am ne 0.01 m

1 Igcl, IgG,,, and IgG,, Immunoglobulins from Mouse Serum
Using Protein A-Sepharose.” Immunochemistry, Vol. 15, pp.

429-436; and in C. Bruck et al., "One-Step Purificatiocn of
5 Mouse Monoclonal Antibodies from Ascitic Fluid by DEAE Affi-Gel

Blue Chromatography." J. Immunological Methods, Vol. 53, pp.
313-319 (1982).

10
15
20
25
30
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(TEVMED) 10% anmmoni urm persul fate 0.03 mM 3. Procedure:
a. Prepare the slab gel apparatus for a 14.5 cmx 9.0 cmx 0.8 nmslab
gel. The apparatus is a standard gel el ectrophoresis apPALALYS

a ka? e
for instance, from Hoeffer Scientific Instruments, San Fr o aced
California. b. Mx all |ower gel ingregi ents except theT [Hgm ,
ammoni um persul fate in a 50 m vacuum f| &k and de- aer at e

TEMED and amoni um persul fate, mx gently and pour the |ower gel
i mmedi ately. Layer the lower gel with water-saturated butanol and allow it

1. A monoclonal antibody of class IgG which reacts
with human_Factor VIII:C polypeptides selected from the group
consisting of:

(A) polypeptides of M. = 44,000; 92,000; 108,000; and
undigested Factor VIII:C; and not polypeptides of M = 54,000;
71,000; 72,000; 79,000; or 80,000;

(B) polypeptides of M = 54,000; 92,000; 108,000; and
undigested Factor VIII:C; and not with polypeptides of M =
44,000; 71,000; 72,000; 79,000; or 80,000; and

{C) polypeptides of M_ = 79,000 and 80,000; 108,000;
and undigested Factor VIIi:c; and not with polypeptides of M =
44,000; 54,000; 71,000; 72,000; or 92,000,

2. A biological preparation'comprising the antibody
( according to claimll which exhibits reaction profile a, said

preparation is essentially free of antibodies which exhibit

reaction profiles B and C.

- 3. A biological preparation comprising the antibody’
according to claim 1 which exhibits reaction profile B, said
preparation is essentially free of antibodies which exhibit

reaction profiles A and C.

N



dol ynmeri ze undi sturbed for at least 1 hour, preferably 2-6 hours. c. Pour
of f the butanol | ayer and rinse the top of the lower gel with the conplete
upper gel nlxtuggm The upper gel mxture is prepared, de-aerated and TEMVED

and annnnlunlp haﬂded as for the | ower gel above). d. Pour
the upper gel conb intgg he upper gel allowing at least 1.0
cm bet ween the conb teeth and the upper gel-1ower gel
interface. Fill with upper gel solution as. full is possible. Al ow upper
gel to polynerize at |least 1 hour before running the gel. e. To renove

the comb, pipet glectgogde hUltar)0%@bparation comprising the antibody

according to claim 1 which exhibits reaction profile €, said
preparation is essentially free of antibodies which exhibit

reaction profiles A and B.

5. A biological preparation comprising a mixture of
antibodies according to claim 1 which exhibit reaction profiles A
{ and B and is essentially free of antibodies which exhibit

reaction profile C.

6. A biological preparation comprising a mixture of

antibodies according to claim 1 which exhibit reaction profiles

A, B and C.

7. A monoclonal antibody according to claim 1 having
reaction profile B or C, further characterized in that said
( antibody neutralizes human Factor VIII:C coagulant activity when

said antibody is bound to Factor VIII:C.

8. A hybridoma that secretes a monoclonal antibody

according to claim 1(A).

a. A hybridoma that secretes a monoclonal antibody
according to claim 1(B).
10. A hybridoma that secretes a monoclonal antibody

according to claim 1(C).
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the top of &he wpper gel’ and gently renove the conb. Rinse the upper gel
wells with el ectrode buffer several tinmes. f. Assenbl e the apparatus for

Funni ng and add el ectrode buffer. Apply the sanpl e(?s";i?ﬁﬁmiii@wehn liced i nt o

t he upper gel wells underneath the buffer |ayer. 1 | ge
using constant current: 8 mllianperes while sanples- | r ge

and 15 mllianperes while sanples are inaphe

11. A human Factor VIII:C monoclonal antibody produced
in response to immunization with a Factor VIII:C protein
composition having a Factor VIII:C protein doublet with a
molecular weight of 80,060 and 79,000 complexed with a 92,000
protein, said composition exhibiting a biological activity of
Factor VIIX:C, and wherein said antibody specifically binds to at

least one polypeptide derived from said composition.

12. Monoclonal antibodies prepared in response to an
immunogen and specifically binding to said immunogen, said
immunogen consisting of a protein composition substantially free
of other proteins and consisting of a complex of an 80,000 and
79,000 protein calcium bridged with a 92,000 protein exhibiting a

biological activity of Factor VIII:C.

( 13. A monoclonal antibody of class IgG which reacts
with human Factor VIII:C polypeptides of M_ = 108,000 and

undigested Factor VIII:C; and not polypeptides of M = less than
108,000.

14. A hybridoma that secretes a monoclonal antibody

according to claim 13.

———————
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lower gel. sStopsthe el ectrophoresis when the bronophenol- bl ue dye front is
1.0 cmfromthe bottomof the | ower gel. IV. Fi xi ng a gtaining Fh% gel

Ref erence: Fairbanks, G, Steck, T.L., and Wallach, D F. 'R}
10, 2606-2617, 1971. I. Fix the gel at |east overnight
chanmber in a solution containing 25% i sppropanol, 10% ac of
1% Coonassi e blue stock solution, final volunme 400 m . 2. Next, soak the
gel at least 1 hour in 10% i sopropanol, 10% acetic-acid and 1.0 m of 1%
Coonassi e blue stock solution, final volunme 400 mnl.

15. An immunocadsorbent column comprising particles of

b=t

solid immunologically inert adsorbent material bound to an
antibody according to claim 1 or 13.

16. A column according to claim 15 wherein the

adsorbent material is agarose.

Ll



3. Soak she gel about 4 hours in 10% acetic acid wth changes or until
Lcompletely destained. 4. The destained gel can be dried onto filter paper
using a gel dryer. to increase contrast. Approximately 5-20 g of protein
Was applied to the gels. VII1:C Ms were calculated for reduced sanpl es by
sem |l ogarithmc plots of M versus mgrégstion distance, using reduced
fibronectin (M 200,000), phosphorylase b (M 95,000), bovine serum al bunin
(M 68,000), and 1gG heavy chain (M. _50.000), and oval bum n (M 43,000) as
standards. Scanning and integration ot ographic print of the finished
gel was done using a Zei neh soft | aser scanni ng densitoneter. Results. The

specific activity Oy e B! G H3HT¥s To NEW FACTOR VIIT

COAGULANT POLYPEPTIDES

Monoclonal antibodies to polypeptides exhibiting high
specific VIII:C coagulant activity are disclosed.
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VIII;CImas 2000 units/mg. Thronbin activation of purified VIII:%?%Etivity
“was anal yzed over a 60 minute tinme course. Before thronbin exposure the
untreated VII1:C sanple showed the characteristic array of VIII:C forns
rangi ng froma doubl et at 20 M = 79,000-80,000 to a band at M =
188, 000. A band above M =

188, 000 ang two bands bel ow M = 79,000 did not
bind to the nobnocl onal
between M =

anti-VIII:C antibody i munoadsor bent. The bands
79,000 and M =188, 000 did bind to the anti-VIII:C anti body.
During the first 5 mnutes of the thrombin activation tipe

MONOCLONAL ANTIBODIES TO NEW FACTOR VIII
COAGULANT POLYPEPTIDES

This invention relates to a monoclonal antibody of

class IgG produced by hybridoma formed by fusion of cells
from a mouse myeloma and spleen cells from a mouse
previously immunized with human factor VIII:C, which
antibody reacts with human factor VIII:C polypeptides.
The invention has utility in the therapy for classic
hewophilia, and in the further study and characterization

of the polypeptide or polypeptide complexes which provide

desired clotting behavior to the blood of humans and
other mammals.. '

It has long been known that plasma factor VIII plays a
crucial Fale in blood coagulation, and that thrombin activates
the éoagulant‘effect of factor VIII. Racent'attempﬁs to
characterize factqr V111 have postulated that factor VIII is a
complex of at least two polypeptides, which are known as fIII:c
and .VIII:R, and have found coagulant activity to reside in the
VIII:C portion. Studies of the effect of thrombin on factor
VIII:C have led to the conclusion that thrombin-activates this
factor by breaking it down into several smaller polypeptides.
However, no prior studies have been able to associat;
thrombin-~induced factor VIII activation in humans with any

defined polypeptides formed from human factor VIII:C.
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course, all but one of the nonoclonal anti-VIII:C antibody reactive bands
with an M greater than 92,000 gradually di sappeared and were undet ect abl e
when VII11:C activity reached its peak at 5 mnutes. A band at Mr = 122,000
appeared thronbin-resistant in only sonme experinents, but after extensive
thronbin treatment neither this band nor any other band was reactive with
the i mobilized nonoclonal anti-VIII:C antibody. A band at M = 92,000
increased in intensity as VIII:C activity increased. A doublet at M
79. 000 and 80, 000 appeared to be cbnverted to a doublet at M =
71,000-72,000, with the latter form predom nant from5 to 60 mn. as VIII:C
activity decreased. Two bands, at M = 54,000 and M = 44,000, becane
clearly visible fr&pr5ihecéficei nHoyer and Trabold, in 'The effect of

thrombin on human factor VIII", J. Lab. Clin. Med. 97:50-64
(1981), sought to purify human.factor VIII:C by immunoadsorbent
*  chromatography using a polyclonal antibody to factor VIII:R

raised in the rabbit. They then incubated the factor VIII:C

with purified human f-thrombin, and determined that small
amounts of the thrombin activated the factor VI1I:C whereas
larger amounts activated iﬁ less or not at all. They also
coécluded that thtombiﬁ activation is accompanied by a decrease
in the size of the protein, and they propased a molecular
weight of about 116,000 for the activated factor VIII:C. Most
significantly, they.could not identify specific polypeptides
that retained factor VIII:C activity and VIII1:C antigen
determinants.

Fulcher, C.A. and Zimmerman, T.S. in “Characterization
of the human factor VIII p;o;oagulant protein with a
heterologous precipitating antibody", Proc. Natl. Acad. of Sci.
USA, 79:1648-1652 (1982) obtained highly purified human factor
VIII:C from plasma concentrate by passing the concentrate
through a column containfng a monoclonal antibody to factor
VIII:R, eluting the VIII:C from the adsorbed VIII:C/VIII:R
complex, and concentrating the factor VIII:C on a second
column. The purified factor VIII:C was then analy;ed by sodium
dodecyl sulfate/polyacrylamide gel electrophoresis (hereafter,

“SDS-PAGE"), both before and after addition of thrombin to the

This is the replacerment sheet

Date: | 0 JAN 1997



The M = 44,000 band al so appeared as a doublet in sonme experinments. The
M = 71,000-72,000 doublet, the M 54,000 band and the M = 44,000 band
were not renoved to a significant degree by the i mobilized nonocl onal
anti-VI11:C anti body. 21 Scanning and integration of the gel discussed
above allowed correl ati on of changes in polypeptide concentration with
changes in VIII1:C activity. The results are shown in the Table. As shown,

the M = 92,000 band increased3and t hen decreased in concentration in
parallel with VII1:C activity.

purified material. The purified factor VIII:C prior to

thrombin addition showed a wide array of bands on SDS-PAGE
corresponding to polypeptides of various molecular weights
(Mr)’ including a relativeiy strong doublet at M of 80,000
.and 79,000, and at least six additional faintly staining
polypeptides with larger M_ including one at M_ about
92,000. Addition of thrombin to the purified factor VIII:C
caused the dimingtion or disappearance of all of the
polypeptides shown prior to thrombin addition.

The coagulant activity of the plasma concentrate rose
following thrombin addition to a maximum of three times that of
the material prior to thrombin additi&ﬁ, and then diminished.
The coagulant activity of the purified factor VIII:C also rose
to a maximum of three times that of the pre-activated
material. That is, the thrombin had essentially the same
agtivating effect’ on the factor VIII:C in each case. Thus,
wliereas the purified factor VI1I:C possessed a tepotéed
specific activity some 3280 times that of the starting
material, one skilled in this art would conclude that the
increase in specific activity was due to the high degree of
purification achieved. There is no baé@s in this article for
ascribing activated coagulant activity to any specific one or
more of the large number of polypeptides associated with the
bands observed in the purified factor VIII:C prior to

activation with thrombin.
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Thi s suggests that the M = 92,000 band is an active formof VIII:C whose
*concentration increased wwth thrombin activation. The M = 54,000 and M
44. 000 bands increased steadily in concentration between 1 and 40 mn.,
even after activity of the m xture declined. Mst of the M = 79, 000-80, 000
doubl et was lost during the first 0.1 to 10 mn. as VIII:C activity peaked,
whil e nost of the M = 71,000-72,000 doubl et appeared during this tinme and
predom nated even as VIII:C activjty decreased. These data suggest that the
M = 71,000-72,000 doubl et was defived fromthe M = 79, 000-80, 000 doubl et
and that the M 71, 000-72,000 doublet is inactive by itself.- These data
are consistent with the retention by the M = 71,000-72, 000 doubl et of the
ability to conpl eX$iR4esERE fpventiop(pelates to a

:monoclonal antibody of class IgG which reacts

with human Factor VIII:C polypeptides selected from the group
consisting of:

(A) polypeptides of M. = 44,0007 92,000; 108,000; and
undigested Factor VIII:C; and not polypeptides of M_ = 54,000;
71,000; 72,000; 79,000; or 80,000;

"(B) polypeptides of M, = 54,000; 92,000; 108,000; and
undigested Factor VIII:C: and not with polypeptides of M, =
44,000; 71,000; 72,000; 79,000; or 80,000; and

(C) polypeptides of M, = 79,000 and 80,000; 108,000;
and undigested Factor VIII:C; and not with polypeptides of M, =

44,000; 54,000; 71,000; 72,000; ar 92,000 whexein the M. values
are determined by subjecting the polypeptides to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis.

' Other aspects of the invention include biological preparations
containing a:ntibodies_ exhibiting different xeaction profiles.

The polypeptide coagulants  ©xhibit factor VIII:C coagulant
activity and factor VIII:C immunological behavior, and

, show. characteristic M_ value{s) when analyzed by sodium.
dodecyl sulfate-polyacrylamide gel electrophoresis (hereafter,
"SDS~PAGE). By “polypeptide complex" hereinafter is meant a .
coagulant comprising combinations of two or more polypeptides
known to be physically distinct, but also preparations contain-

, ing only one discernible polypeptide, i.e., that which exhibits
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pol ypeptide; this conplex would al so have activity. Direct evidence that
the M =

= 92,000 polypeptide is conplexed with the M = 79, 000- 80, 000
doubl et derives fromexperinents utilizing the anti-VIII1:C nonocl onal

i mmunoadsorbent. It was first shown that the npnocl onal

anti body reacts
predom nantly with the M =

79, 000- 80, 000 doubl et and not with the M =
92, 000 pol ypeptide. This was

22 shown by el ectrophoretic transfer
experinments. Then it was shown thmt the nonocl onal anti-i munoadsorbent -

renoved both the M = 79, 000-80, 000 doubl et and the M = 92, OO0 pol ypepti de

. & band at an Mr of 92,000.

The description below showing the preparation of the
coagulant utilizes human factor VIII:C which has been
highly purified, in order to free the identification and

characterization of the novel product from the effects of
extraneous polypeptides. It should be recognized, though, that
the invention itself is not dependé;t on how the starting
material has previously been'treaCed, except where specificaily
indicated. The active factor VIII:C polypeptides of the
;r;sent invention can be prepared not only by digestion with
thrombin as described in greatét detail below, or with other
similarly acting .proteases such as Factor Xa, Factor I1Xa, or
Russell's viper venom-V, but also by recombinant DNA techniques
in which the polypeptides of interest are produced by bacteria,
yeast, or other cells into which one or more gehes_for

producing the polypeptides of interest are inserted by

techniques known to those of ordimary skill in the art. Either
process for producing the complex of interest can be expected

, to produce the complex in a mixture with one or more other

- polypeptides. ‘

Any plasma or- plasma concentrate containing human
factor VIII:C cén be employed to advantage. The novel
coagulant‘can be.p;epared from human factor .

VI1i:C wh;chlhas been ult}aputified in accordance with the
process described in U.S. Patent No. 4,361,509, issued November
30, 1982, the qisclosure,of which is hereby incorporated herein
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fromthe solution. The M = 92,000 pol ypeptide could be eluted fromthe
*anti-VIII:C imunoadsorbent columm with 10 M EDTA, whereas the

M =79, Q00- 80, 000 doubl et remai ned bound. The doubl et could be subsequently

eluted with 3M sodi umt hi ocyanate. These experinents denonstrated that the
M = 92,000 pol ypeptide bound to the i mmunoadsorbent because it was

conplexed with the M = 79, 000-80, 000 doubl et and that it was this doubl et
whi ch bound directly to the i muno&dsorbent. 23 [err]

by reference. 1In that process, a source of factor VIII:C such

as plasma or a plasma concentrate is passed through an

immunoadsérbent_column to which monoclonal antibodies to factor

VIII:R have been attached. The factor VIII:R/VIII:C complex is

adsorbed on the column, and then the factor VIII:C is eluted

and passed through a éecond column such as aminohexyl agarose.
1t should be noged that the second column can also be an
immunoadsorbent eontaininé antibodies to factor VIII:C. The )

factor VIII:C should be kept free of q@thrombiﬁ and other

proteases. The factor. VIII:C is conveniently stored in a

saline, buffered solution containing, e.g., 0.3M calcium

chloride, at a pH of 6.8 to 71.4.

The human factor VIII:C is then digested with
d-thrombin under conaitions effective to féfm éhg polypeptide
complex described below. The purified o{-thrombin can be
?repared by the procedure described By Fenton, 1. 1I; Fasco,
¥.J.; Stackrow, A.B.; Aronson, D.L.; Young, A.M.; and.
Finlayson, J.S; “Human Thrombin. Proéuccion, Evaluation, and
Properties of of~-Thrombin".

J. Biol. Chem. 252: 3587-3598
" (1977) .

The ~-thrombin and the factor VIII:C are combined in
an aqueous system, preferably buffered at a pH of about 6.8 to
about 7.4. The thrombin should be present in an amount
relative to the factor VIII:C that is sufficient to permit

reaction with the factor VIII:C, but not so high that the
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24 EXAMPLE Il This Exanpl e describes the results of treating purified human

Factor VI1I1:Cwith purified human activated protein C (hereafter, "APC'), a
known anti coagul ant enzyne. Human Factor VIII1:C was purified as descri bed
above. APC was purified by the procedure described in Marlar, RA et al.,
"Mechani sm of action of human activated protein C,  a thronbin-dependent

anti coagul ant enzyne." Blood, Vol. 59, 1067 (1982). except that a nono S

colum of a Pharnacia FPLC system wgs used to separate APC fromthronbin
Assays: Sanples were assayed for VIII1:C activity as
factor VIII:C degrades to inactive polypeptides beforé the
desired active polypeptide complex can be recovered. As an
illustration, a preparation containing 200-400 units (0.2

© mg/ml) of factor VIII:C per ml should be digested with about

0.1 to about 0.5 units/ml of of{-thrombin. The digestion can

proceed at room temperature; too high a temperature can

denature the polypeptides, and too.low a temperature can retard.
the progress of the digestion.

The digestion is allowed to ﬁ:oceed for a time long

enough to permit the formation of the desired polypeptide

complex. The optimum time will be from 0.1 to 60

minutes, with times from 0.1 to 30.minutes preferred. Times

from 1 to 10 minutes have been found highly satisfactory,
although it will be recognized that optimum times can be
identified with minimal experimentation using aliquots of the

factor VIII:C starting material being treated. An optimum time

is that which forms the maximal ambunt of the.ﬁolypeptide
complex exhibiting an Mr of about 92,000, accohpanied~by the
formaction of a protein complex exhibiting an M, doublet of
about 79,000 and about 80,000, without degrading the Mr

92,000 polypeptide significantly. The M. 79,000-80,000

doublet may possibly function after it has undergone

degradation to a complex exhibiting a doublet at Mr values of

71,000-72,000. The 71,000-72,000 doublet alone does not
exhibit factor VIII:C activity.
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descri bed above using an activated partial thronboplastin tinme assay with
* henophilia A plasma substrate. Preparation of sanples for electrophoresis:
Since calciumions are required for APC activity, APC was stopped at
various tines by addition of 1/10 volune of 100 nM EDTA containing 10
[err] M dansyl argi ni ne N-(3-Ethyl-1, 5pentanedi yl)am de(DAPA) to the VI1I1:C +
APC. aliquots as well as to the control VIII:C and APC aliquots. A 1/10
vol une of 10% sodium dodecyl sulf@& e was then added to these aliquots. They
were then heated in a boiling waterbath for 5 mnutes and subsequently
di al yzed for SDS-PACE as described above. D scontinuous sodi um dodecyl

Stai ni ng i th Coomeess S SiOR AT R LRI Enel T B e 11 C
reaction mixture anh effective amount of (p-amidinophenyl)
methanesulfonyl fluoride (hereafter, "p-APMSF")or another
tﬁrombin.inhibiﬁbr. The p-APMSF prevents the g~thrombin from
reacting further with the factor VI1I:C proteins, without

itself degrading those proteins. The amount of p-APMSF to add

should comprise about 1.5 to about 2.5 millimoles per unit of

d-thrombin activity initfally present in the reaction mixture.

P-APMSF can be obtained through California Medicinal
Chemistry Company, San Francisco, California, and its

preparation is described in Lauéa, R;; Robinson, D.J.; and
Bing, D.H. "(p-Amidinophenyl)methanesulfonyl Fluoride, an
Irreversible ;nhibitot of Serine Prote;ses", Biochemistry
(1980) 19, 4859-4864, at 4861.

' The reaction mixture can then be treated to
concentrate the bolypeptide complex compéisiné the present
invention. Preferably, the polypeptide complex is concentrated
with respect to other factor VIII and non-factor VIII

.proteinaceous material, to ptééide the complex in a form which
affords the very high activity possessed by the complex in the
putified.form. Pufificacion techniques include, for example,
ultrafiltration, ultracentrifugation, iom exchange, gel
permeation chromatography, preparative electrophoresis,
isoelectric focusing, and gel and affinity chromatography.

The desired complex can also be concénttated and/or

recovered by passing the reaction mixture, which can already
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of the gel were as described above. 25 Sanple Preparation: A 339 [err]g
sanple of VI11:Cin 0.3 m of VIII:C buffer containing 0.3 M cal ci um

chl ori de was di al yzed overni ght against buffer (50 mM Tris-chloride, 0.15 M
sodium chloride, 5 nmM cal cium chloride, 0.02% sodi um azide, pH 7.4). To the
di alyzed VII1:C sanple was added 1.095 ml of buffer, 90 [err]| of rabbit
brain cephalin (Sigm Chemcal Co., St. Louis, MD, reconstituted, stored

and thawed according to manufactur®r's instructions) and 15 [err]l of 1 nM
DAPA , to give a final DAPA

have been concentrated by another technique, through an
imnunoadsorbent column containing-anti-human VIII:C antibodies,

Ot-equivalent antibodies against VIII:C other than human, that

react with the polypeptide(s) of the complex. The antibodies

ate attached to agarose (see Example I below). Several

antibodies which can be used to concentrate the.complex and/or
isolate certain of the polypeptides thereof are described
below. The active VIII:C complex adsotbs'preferentially to the
column, and is then eluted from the column with a solution of
calcium ions (e.g.._CaClz) which can optionally also contain

a non-ibnic surfactant. ~ Suitable non-ionic surfactants include
alkyl phenyl polyoxyethylenes such as Triton-x-lod? -N-lﬁi@ ot

-X~40§§(Eastman Chemical Co.); TWeen-Za? -6&ELr -BSD(Sigma
Chemical Co.); and thidet-?-ﬁ&?(Sigma Chemical Co.); all of

these are well-knowm articles of commerce having known chéﬁical
formulas.

The amounts of calcium ion anﬂ surfactant to use
should be high enough.to desorb the polypeptide compléx, but

not so high that the eluant inactivates the polypeptide.

A
calcium fon concentration of up to

0.5 M or even up to
1.0 M is satisfactory, and 0.25 M i{s preferred.

concentration of up to

A surfactant

1 wt. % is satisfactory, and about
0.1 wt. % is preferred. The eluant is applied to the

immunoadsorbent column at 1 to . 8 bed volumes per

hour, and preferably about 3 to 4 per hour. Too high a
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_concentration of 10 [err] M The DAPA was included to inhibit any trace
anopunts of thronbin present in the APC since 10[err] M DAPA does not
significantly inhibit APC. The final volunme of the sanple was 1.5 m and

the final VII1:C concentration was 226 [err]g/m . Four hundred mcroliters

of the 1.5 mM WM I1:C sanple were withdrawm and set aside as a control

(designated VI11:C). To the remaining 1.1 m was added 20 [err]]l (10 ug) of
APC giving a final APC concentrathgn of 9 [err]g/m (designated VIII:C +
APC). A second control sanple was prepared containing all conmponents at
simlar concentrations except that VII1:C was omtted (designated APC).

Tlnep0|n VI g§one the mxture of VIIl:C and APC, and APC al one were
pl aced i 37?5Frf kst disRUPtIOR @f Ehetolymepandmontabarpsiner of

W thdr aw 0L ot PR pethe208h3iex. The skilled practitioner will readily

adapt these guidelines to immunoadsorbent processes othet than
fixed-bed columns. |

The VIII:C polypeptide 6omp1ex'is recovered in a

suitable buffer, at a pH of 6;8 to 7.4, which also

contains calcium fon and surfactant from the eluant solution.
The calcium and surfactant concentrations can be lowered, and
the surfactant preferably removed, such as by dialyzing the

solution against a buffer such as the VIII:C ﬁuffex used in

Examplé 1 which contains a lower amount of calcium ion. The

complex can be stored in this solution, or

lyophilized. The complex can be administered to patients with

hemophilic.clotting disorders by adjusting the calcium content

to be physiologically compatible and 1njectfng'a sterile saline

solution thereof.

When analyzed by SDS-PAGE as shown below, th; coagulant

exhibits an Mr of about 92,000, and can
normally contain material exhibiting an M, doublet of .about
79,000 and about 80,000, some of which ¢an have undergone

degradation to exhibit an Mr doublet of about 71,000 and

about 72,000. 1In its puriffed form, this band 6r the group of

these ban§3'éte essentially the only bands that appear.
However,

less than 100%,
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VI1I:C activity assay. It was also determned in control that APC renai ned

active in the hydrolysis of the synthetic substrate S 2238 after prol onged
i ncubation at 37[err]C. 26 Results: Digestion of purified VIII:Cwth
APC was associated with | oss of approxi mtely 85% of the control VIII:C
activity. APC inactivation of VIIl:C activity resulted in the di mnution of
all VIll:C polypeptides of M between 92,000 and 188, 000 and generation of
a pol ypeptide of M =45,000, while.l®aving the doublet of M = 79-80, 000
intact. Atinme course inactivation of purified VII1:C by APC

i.e., 95%, 90%; or even 80%, 70% or 60%, or even as little

as 30%, 20%, 10%, or 1% of the proteinaceous matter present
in the biological preparation may comprise the coagqulant.

The protein complex possesses

specific VI1I:C coagulant'activity“(that is, activity per °

milligram of all protein present) higher than that exhibited by
purified human factor VIII:C, for instance human factor VIII:C
purified by the process disclosed and claimed in the

aforementioned U.S. Patent Ro, 4,361,509, 1Indeed, the activicy

of the purified complex shou;d be several times, e.g., 3 to 5
times, that of purified human factor VIII:C, and is .
advantageously at least 10 times or even 50 times as active.
Likewise, biological preparations comprising the compleg

in association with one or more other proteins
can be prepared.whiqh exhibit higher specific activity than
that afforded in previously koown coagulant preparations. The
specific activity of the complex, and of bidiogical
preparations containing it, is higher thao 1800 Unitsimg,
advantageously higher than 5400 Units/mg, and in more~
;dvantageous embodiments exceeds 7,500 and even 10,000
Units/mg. Preferably, phe'specific activity of the
preparations exceeds that of the purified human gactor VIII:C
used herein by a factor of '3 to 5, and more advantageously by

at least 10 times, by 50, or even by 100 times.
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_showed the progressi ve di sappearance of specific VIII:C pol ypeptides as
VIIl:C activity decreased over a 360 mnute tine course. Scanning and

i ntegration of the gel showed that the polypeptide M = 188,000 and the
pol ypeptide of M 92,000 decreased in parallel with VIIl:C activity. One

ot her pol ypeptide of internediate M was cl eaved by APC but it was not

easily quantitated by gel scanning. In this experinent unlike the digestion
with APC, some VIII:C pol ypepti des ot2M = 92,000-188, 000 were resistant to
t he APC di gesti on. However,

as in the digestion with APC, the doubl et
pol ypeptide at M = 79-80,000 was not proteolyzed by APC. A pol ypeptide of
M = 45,000 appearsh t ddtheggﬁ pBxconcentration as the pol ypgpgi des of M
= 188, 000 and 92, 000 decreased suggestlng that it is a proteolytlc f ragnent

derived biological preparations thereof, are characterized in that the

enhanced activity described above remains present over a

continuous period of at least 10 minutes and preferably

at least 30 minutes. Of course, ;activit:y will genevally

be stable for much longer. The complex also possesses the

_ immunological characteristics of a factor VIII:C protein, i.e.,
it binds to an antibody for human factor VI1I:C. This can be

ascertained, for instance, by groéing a monoclonal antibo&y to
factor VI1I:C as described below, attaching the antibody to an
agarose column, passing an aqueous solution of the complex

through the column,-and assaying the resultant solution for
factor VIII:C activity.

The polypeptides of Mr=92,000 and Mt=79.000-80,000 are
stable, relative to native human factor VIII:C which is
notoriously suscep:iﬁle to proteolysis, degradation, and
resultant loss of coagulant activiéy. This stability is

demonstrated by the polypeptides’ ability to survive the
treatment steps described herein.

EXAMPLE I

This Example éhows hqw'factor ViII:C was purified from

commercial concentrate and digested with purified of{-thrombin.
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fromthem No other digestion products were visualized with Coonassie bl ue.
As shown in Exanple I, during thronmbin activation of VIII:C the M = 92,000
pol ypepti de increased and decreased in 27 parallel with VII1:C activity.

In order to determ ne whether a linear relationship existed between
proteolysis of the polypeptide of M = 92,000 and the loss of VIII:C

activity, the data of this tine course inactivation run were re-plotted to
exanine percent VII1:C activity ver$

s percent of polypeptide of M =
92,000. The anount of. VII1:C activity

A monoclonal antibody to factor VIII:C was-produced and used to

identify VI1I:C polypeptides. At several selected poirnts

during the digestion, portions of -the digestion mixture were

assayed for VIII:C (coagulant) activity, and for protein bands
using SDS-PAGE.

- purification of VIII:C. All steps were at room

temperature, Chemicals were reagent grade. 40 bottles of
commercial factor VIII concentrate (pt;vided by Armour
Pharmaceutical) were reconstituted in 1000 ml of VIII:C buffer
€0.02 M imidazole/0.15M sodium chloride/0.1 M L-lysine
HC1/0.02% sodium azide, pH 6.8). This sample, which contaired
a total of 17,000 units of VIILI:C activity, was applied to a
2.5 - 3.0 liter bed volume immunoadsorbent column. The column
ﬁas cyanogen bromide-activated agarose (Sepharose 4B,
Pha:macfh,'Piscataway, New Jersey), to which monoclonal
antibodies to VIII:R had been coéalently bonded. The
antibodies were raised and attached to the column as described
in the afotementioqed'uﬂs. Patent RNo. 4,361.509: The
-antiﬂodie#_we:e precipitated from aséites fluid using 50%
ammonium sulfate, reprecipitated two more times, and then
attached to the column at a density of 2-4 mg/ml of Sepharose.
The immunoadsorbent was pre-eluted with 3M sodium thiocyanate,
washed with VIII:C buffer (0.02M imi&azole HCL pH 7.0, 0.15 M
NaCl, 0.1 M L-lysine-HCl, 0.02% sodiim azide), treated twice

with 2mM di-isopropyl fluorophosphate, and then the- concentrate
was added. '
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appeared to be proportional to the anount of the polypeptide of M =
"92,000. The present invention relates to nonocl onal antibodies which are

specific in an unforeseeable way to the various pol ypeptides which are
formed by the reaction of factor VIII:Cwith a protease such as

al pha-thronbin. Each antibody reacts with human-factor VIII1:C which has

not been activated nor digested with thronbin or equival ent proteases. The
antibodies are further characterized¥8y their individual properties, as

follows: (A) One reacts with the M =92, 000 pol ypepti de descri bed herein,
wi th pol ypepti des of M =108, 000 and |argers and with the pol ypeptide of M

= :1;]1, ?ﬁo whi ch s THeL N lunn" waEr FhBkd! BiREPRO 4i¢82sSof! V1HRE HkedLact
Wi e
containing 0.15 M sodium chloride, and VI1I:C was then eluted

from the VIII:R with VIII:C buffer containing 0.35 M calcium
chloride.

Active fractions were pooled and concentrated under

nitrégen pressure lﬂo;fold in an Amicon stirred cell with a

YM10 membrane. The concentrate was then diluted 1:10 in VIII:C

buffer and appl%ed.to a 4 ml column of aminohexyl-Sepharose
(Pharmacia) equilibrated in VIII:C buffer containing 0.025 M
calcium chloride, VIII:C was élu;ed in high concentration with
VIII1:C buffer containing 0.3 M calcium chloride at a flow rate
of 10 mi/hr. The concentrateﬁ immunoadsorbent pool was
adjusted to 0.25 M calcium chloride and adsorbed twice for 1 h

-each time with 1/10 vol/vol of a mixture. of monoclonal
anti-fibrinogen, anti-fibronectin and anti-vWF antibodies which
had been coupled to cyanogen bromide-activated Sepharose.

Production of monoclopal antibody against VIII:C.

Monoclonal antibodies were producéd as described in U.S. Patent
- No. 4,361,509 using purified VIII:C as immunogen. The
antibodies were selected with a solid-phase assay in
Linbro-TiterteﬂnkFlow Labptatories. Inglewood, CA) plates and
an enzyme-linked immunoadsorbent (ELISA) detection system
described in Engvall, E. and Perlmann, P. “Enz&me-iinked
irmunoadsotbent assay (ELISA), Quantitative aséay of

immunoglobulin ¢" Immunochemistry 8:871-874 (1971)) using a

peroxidase-antibody conjugate (Zymed Laboratories, Burlingame,
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pol ypepti de descri bed herein which exhibits a doublet of M =

79, 000- 80, 000, nor with the polypeptide described herein which exhibits a
doubl et of M = 71,000-72,000. (B) One reacts with the M = 92,000

pol ypepti de descri bed herein, with polypeptides of M=108, 000 and | arger,
28 and with the pol ypeptide of M = 54,000 which is present in term nal
thronmbin digests. It does not react with the pol ypepti de descri bed herein
whi ch exhibits a doublet of M 79,1800- 80, 000,

not with the pol ypeptide
descri bed herein which exhibits a doublet of M = 71, 000-72, 000.

CA). The plates were coated with 100 ng of purified VIII:C per
well. The ELISA-positive culture supernatant of the clone

selected for use in this study also inhibited plasma VIII:C
 activity. '

Thrombin activation time course analysis of purified

VIII:C. Purified human ¢{~thrombin(sp. act. 2534 U/mg, final

concentration 0.5 U/ml), was added to the purified VIII:C
(£inal concgptraciou 167lpglm1) in imidazole saline buffer
containing 0.04 M CaCIZ.

Buffer alone was added to a control
aliquot.

The solutions were incubated at room temperature and

at various time intervals samples of the VIII:C-thrombin
mixture were added to tubes containing p-APMSF (Califormnia
Medicinal Chemistry'Co.) to inactivate the thrombin rapidly and
irreversibly. 1In order to minimize hyatolysis of p-APMSF, it
was diluted 1:10 from a stock solution (100 mM in methanol)

intb imidazole saline buffer 60 seconds before reaction with

the VIII:C-thrombin samples. The final p-APMSF concentration

was 1 mM. The control aliquot was treated similarly with

p-APMSF at the start of the experiment. At the end of the 60

minute time course, all VIII:C samples were assgyed for VIII:C

activity using an activated'pa:ciél thromboplastin time assay

described in the literature and then prepared for SDS-PAGE.
SDS-PAGE 'Procedure A":

Discontinuous SDS polyacrylamide slab gel

electrophoresis was performed based on the procedure of

.Th$§$thsr@pm§emaﬂ?sheef
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(C© One reacts wth the doublet of M 79, 000- 80. 000 and pol ypepti des of
M = 108,000 and greater, but not with the pol ypeptide of M = 92,000, nor
wi th the pol ypeptides of M 71,000-72,000, M = 54,000, nor M =44,000. (D)
One reacts only with pol ypeptides of M =108, 000 and greater.

Each of these
anti bodi es can be used to concentrate the conpl ex described above, from

m xtures which al so contain other -polypeptides. One such mxture is
produced by partial digestion of h

n factor VII1:Cwith [err]-thronbin or
an equi val ent protease. Another such mxture is that produced by

reconbi nant DNA techni ques in which a desired pol ypeptide or conplex is
expres

other - pse G Ko MR BERIL2 A FERGAHS . TETYS" tne’ MHeBeddlze & M 1T

ure
followed is:

1. Sample Preparation

1.

Dialyze the protein sample (ideally 50-100
microliters containing 5-60 micrograms of
protein) against sample buffer overnight at room
temperature. If the sample contains calcium ion,
include 10 millimolar ethylenediamine tetracetic
acid (EDTA) in the sample buffer.

2. Place the dialyzed sample in a tube and add 1/10

volume of 10% SDS. Cover the tube with aluminum
foil.” Heat the s

_ ;ample in a boiling waterbath for
10 minutes. .

3. Remove the sample from the waterbath and add to

it 1/10 volume of 500 millimolar dithiothreitol.
Incubate it at 569C for 4 hours.

Allow the samplé to cool to room temperature and

prepare it for layering ounto the gel by adding
stock glycerol solution to 10% final

concentration and stock bromophenol blue dye
solution to 0.05% final concentration.
11. Prepa
water

raion of gel solutions (use deionized, distilled

1. Stock glycerol solution: 50% glycerol

2. Stock bromophenol blue dve solu:ioné 0.5%
bromophenol blue .
3.

Lower gel stock solution:

18.2 grams of Tris base
4 ml of 10% SDS :
final volume 100 ml.

Adjust pH to 8.8 with concentrated hydrochloric
acid. Filter.

4, Upper gel stock solution:

6.1 grams of Tris base
4 ml of 10% SDS
Final volume 100 ml

Adjust pH to 6.8 with concentrated hydrochloric
acid. Filter.

Thmis{hsremacemontshaet
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(A, (B, (© or (D, or a conbination of two, three, or all of them can
" be attached to an i mmunoadsorbent columm in the manner described in Exanple

1, and a feed solution of the m xture containing the pol ypeptide(s)
conprising the conplex is poured through the columm. Those pol ypepti des
having M of 92,000, 79, 000-80,000, and 71, 000-72,000 which are present in
29 the feed solution adsorb onto the colum, from which they can be el uted
as taught herei nabove after the sblirce solution has been washed through the
colum. The resulting eluted solution is thereby concentrated in the
desired activated VII1:C conpl ex

5. Sample buffer

0.01M sodium phosphate
1.0% SDS

10 millimolar disodium EDTA
Final volume 1 liter

pH adjusted to 7.0 with sodium hydroxide ot
phosphoric acid. :

Aptvlamide stock solution:

Dissolve 30 g of acrylamide in 50 ml of water and
add 0.8

of bisacrylamide and dissolve. Bring
to 100 ml final volume. Filter the solution and
store in the dark at 4°C. .

Stock electrode buffer solution;

30.3 g Tris base -
144.1 g élycine
final volume 1 liter

8. Electrode buffex

100 ml of stock electrode buffer solution
890 ml waterx

~ 10 ml of 10% SDS
9. Stock Coomassie blue dve solution

1%Z Coomassie blue R 250 in water

Dissolve with stirring for at least'30 minutes at
room temperature and filter.

10. Ammonium persulfate solution

-

10% ammdnium ersulfate.
Stoped in dark at 49C and made fresh every week.

III. Gel Preparation and Running: Final acrylamide
concentraclion = 7.5%

1. Lower gel solution

20 ml of lower gel

Stock lower gel solutiom

S ml
Stock acrylamide solution S5 ml
Water 10 ml
N,N,N' ,N'-tetramethylethylenediamine .005 ml
(TEMED)

10% ammonium persulfate 0.1 ml
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conpared to the feed solution. The new anti bodies are al so useful for
- anal ytical purposes,

to detect the occurrence of the reaction of human
VIII:Cwith thrombin or other proteases, because of their ability to react
wi th products of that reaction. An antibody having profile (B) and an

anti body having profile (C) have been found which neutralize VIII:C
coagul ant activity when either is b

ﬁnd to factor VII1:C This additional
property can be of value in the diag

osi s of henophilia-related disorders.
The di scovery of these antibodies also permts further characterization of

t he conponents of the pol ypeptide conpl ex described herein

Thus, the
pol ypeptide which exhi bits a band of M =92, 000 contains (at |east) two
epitopes (i.e. &mtiHR@eToRed sglukigy)

_ _ . that are not destroyed by thronbin
di gestion and 10 ml of upper gel '

Stock upper gel solution

2.5 ml
Stock acrylamide solution 1.0 ml
Water 6.5 ml
N,N,N',N'-tetramethylethylenediamine 0.01 ml
TEMED)
10% ammonium persulfate 0.03 ml

3. Procedure:

Prepare the slab gel apparatus for a 14.5 cm x
9.0 cm x 0.8 mm slab gel. The apparatus is a
standard gel electrophoresis apparatus,

-available, for instance, from Hoeffer Scientific
Instruments, San Francisco, California.

Mix all lower gel ingredients except the TEMED
and ammonium persulfate in a 50 ml vacuum flask
and de-gerate. Then add the TEMED and ammonium
persulfate, mix gently and pour the lower gel
immediately. Layer the lower gel with
water-saturated butanol and allow it to

polymerize undisturbed for at least 1 hour,
preferably 2-6 hours.

Pour off the butanol layer and rinse the top of
the lower gel with the complete upper gel
mixture. (The upper gel mixture is prepared,
de-aerated and TEMED and ammonium persulfate are
added as for the lower gel above).

d. Pour the upper gel and insert the comb into the
upper gel gglow%ng at least 1.0 cm between the
bottom of the comb teeth and the upper gel-lower

el interface. Fill with upper gel solution as.
ull as possible. Allow upper gel to polymerize
at least 1 hour before running the gel.

e. To remove the comb, pipet electrode buffer over
the top of the upper gel and gently remove the

comb. Rinse the upper gel wells with electrode
" buffer several times.

Assemble the apparatus for running and add
electrode buffer. Apply the sample(s) by

layering it into the upper gel wells underneath
the buffer layer.
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are not present on the pol ypeptides which exhibit the doublet of M
79, 000- 80, 000 nor the doublet of M = 71,000-72,000. One of these epitopes

is al so present on the pol ypeptide of M =44,000 and the other on the
pol ypeptide of M = 54,000. Thus,

the M =54,000 and M =44, 000 pol ypepti des
derive fromthe M = 92,000 pol ypepti de.

Also, the M = 92,000 and
M =79, 000- 80, 000 pol ypeptides are derived froma conmon 30 precursor or

precursors. The discovery of antibodies having profile (B) and profile (O
each of which neutralizes factor M 11:

C coagul ant activity is further
support that the '

Run the gel using constant current:

8 milliamperes while samples ate in the upper zel
and 15 milliamperes while samples are in the
lower gel. Stop the electrophoresis when the
bromophenol blue dye fromt is 1.0 cm from the
bottom of the lower gel.

IV. Fixing and Staining the gel

Reference: Fairbanks, G., Steck, T.L., and Wallach,
D.F.N,, Biochemistry 10, 2606-2617, 1971.

I. Fix the gel.at least overnight in a sealed
chamber in a solution containing 25% isopropanol,

10% acetic ‘acid, 10.ml of 1% Coomassie blue stock
solution, final volume 400 ml.

2. Next, soak the gel at least 1 hour in 10%
isopropancl, 10% acetic acid and 1.0 ml of 1%
Cgomassie blue stock solution, final-volume 400
mke.

Soak the gel about 4. hours in 10% acetic acid
with changes or until completely destained.

4. The destained gel caun be dried onto filter paper
using a gel dryer to increase contrast.

Approximately 5-20° g of protein was applied to the gels.
VIII:C Mps were calculated for reduced samples by

semilogarithmic plots of MB versus migration distance, using
reduced fibronectin (M, 20

| ,000), phosphorylase b (M, _
95,000), bovine serum albumin (M. 68,000), and IgG heavy
chagn (M§ 50,000),. and ovalbumin (M, 43,000) as standards.
cann

ng and integration of a photographic print df the
finished gel was donme using a Zeineh soft laser scanning
densitometer. )

Results. The specific activit& of the purified factor

VIII:C was 2000 units/mg. Thrombin activation of purified

VIII:C activity was analyzed over a 60 minute time course.

Before thrombin exposure the untreated VIII:C sample showed the

characteristic array of VI1I:C forms ranging from a doublet at
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M =92, 000 and M =79, 000- 80, 000 pol ypeptides are inportant to the coagul ant
function. The pol ypepti des exhibiting the doublet of M = 79, 000-80, 000
contain an epitope which is destroyed by thronbin digestion and which is
not present on the pol ypeptide of M = 92,000. These nonocl onal anti bodies
can be prepared by the general steps.of purification of human factor
VII1:C raising nonoclonal antibogdpes to the purified VIII:C, partial

di gestion and activation of purified VIII:C to produce the pol ypeptide
conpl ex descri bed above, including identification of the specific

pol ypepti des; reaction of the anti-VII1:C anti bodies with the products of
the actiyvatiqn; d_characterization of an antibody by identification of
t he pol %e ggef’gp &ﬁrﬁ“&m%ha.?a%aﬁ ‘Th]-%ss%ﬁjenc‘e hapdsabovgrth in
or e de5@|I l%SEﬁﬁapand two bands below M, = 79,000 did not bind

to the monoclonal anti-VIII:C antibody immunoadsorbent. The

bands between Mt=79.000 and Mr=188.000 did bind to the
anti-VIII:C antibody.

During the first 5 minutes of the thrombin activation time
., course, all but one of the monoclonal anti-VII1:C antibody
reactive bands with an M greater than 92,000 gtadually

disappeared and were undeteccable when VIII:C activity reached
its peak at 5 minutes.

A band at Mr_= 122.060 appeared thrombin-resistant in only

some experiments, but after extemsive thrombin treatment
neither this band nor any other band was reactive with the

immobilized monoclonal anti-VIllzc.antiﬁody;

A band at Mr = 92,000 increased in intensity as
VIII:C activity increased. A doublet at M = 79,000 and
80,000 appeared to be converted to a doublet at M, =

71,000-72,000, with the latter form predominant from 5 to 60

min. as VIII:C activity decreased. Two bands, at M, = 54,000

and M = 44,000, became clearly visible from 5 to 60 min.

‘The M_ = 44,000 band also appeared as a doublet in some

expetiments. The M. = 71,000-72,000 doublet, the M_

54,000 band and the M, = 44,000 band were not removed to a

significant degree by the immobilized monoclonal anti-VIII:C
antibody.
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111 bel ow. Alternatively, one can prepare an anti body by isolating the
particul ar pol ypeptide of interest fromthe partial thronbin digestion
products, for instance by inmunoadsorbtion onto and then elution off of a

col um conpri sing agarose to which is coupled a nonocl onal anti body known
to react with the polypeptide of interest, and then raising a nonocl onal

anti body agai nst that pol ypeptide using the procedure described in Exanple
LT, 31 EXAMPLE I'I'l Monocl onal2tinti bodies to human Factor VII11:C were

Scanning and integration of the gel discussed above

allowed correlation of changes in polypeptide concentration
with changes in VIII:C activity.

The rgsults are shoun in the
Table.

As shown, the Hr = 92,000 band increased and then
decreased in concentration in parallel with VIII:C activity.
This suggests that fhe Mr = 92,000 band is an active form of
VIII:C whose concentration increased with thrombin activation.
The M, = 54,000 and M, = 44,000 bands incteased steadily in

concentration between 1 and 40 min., even after activity of the
mixture declined.

Most of the M_ = 79,000-80,000 doublet was lost
" during the first 0.1 to 10 min. as VIII:C activity peaked,.
while most of thg Mt = 71,000-72,000 doublet appeéred during
this time and pgedominated even as VIII:C activity decreased.
-~ These data suggest that the M% = 71,000-72,000 doublet was

derived from the M_ = 79,000-80,000 doublet and that the M_

= 71,000-72,000 doublet is inactive by itself. These data are

. consistant with the retention by the M = 71,000-72,000
doublet of the ability to complex with the M, = 92,000
polypeptide; this complex would also have activity.

Direct evidence that the Mr" 92,000 polypeptide is
complexed with the Mt = 79,000-80,000 doublet derives from
experiments utilizing the anti-VIII:C monoclonal
immunoadsorbent. It was first shown that the moﬁoclonal_
antibody reacts predominantly with the M = 79,000-80,000

doublet and not with the M, = 92,000 polypeptide. This was
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rai sed using the follow ng procedure, starting fromhighly purified VIIl:C
“whi ch had been prepared by the process of U S. Patent No. 4, 361,509. Mce
were injected with highly purified factor VIII1:C according to the follow ng
procedure. On day zero, the mce were injected intraperitoneally with a
conposition prepared by dissolving (or suspending) 10 [err]g of the protein
in 0.1 mM of buffer containing 0.05.MTris, 0.15 M sodium chloride, 0.02%
sodi um azi de,. 1 nmM phenyl net hyl sﬁﬁfonyl fluoride, trasylol 10 units/m at
pH 7.3, and shaking with an equal volune of conplete Freund' s adjuvant. On
day 14, the mce wer e again injected with the sane materi al except t hat

|nconplete Freund'.s ad ant was substituted fqr conp Fr eund'
adj uvant$ §§9 < 4ﬂé§qﬁﬁ GtFGH“@#eﬁaﬁ*ﬁ&“hﬁanépeahgﬁa &h ﬂ%? 38, the

shown that the monoclonal anti-immunoadsorbent removed both the
M. = 79,000-80,000 doublet and the M. =92,000 polypeptide

from thé solution. The M_=92,000 polypeptide could be eluted
from the anti-VIII1:C immunoadsorbent column with 10 mM EDTA,
whereas the M_.=79,000-80,000 doublet remained bound. The
doublet could be subsequently eluted with 3M sodium
thiocyanate. These experiments demonstrated that the
Mréqz.ooo polypeptide bound to the imﬁunpadsorbenc because it
was complexed with the M:=79,000-80,000 doublet and that it
was this doublet which bound directly to the immunoadsorbent.
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.mce were injected with purified VII1:C only. On day 42, the spleens of the
m ce were renoved and fused according to a standard procedure, of the type
described by J. P. Brown et al "Protein Antigens of Normal and Ml i gnant
Human Cells Identified_ by |Imunoprocipitation with Mnoclonal Antibodies”,
JOURNAL OF BI OLOG CAL CHEM STRY, Vol . 225, pp. 4980-4983 (1980). The

standard techni que was varied onl y280 the extent that 35% pol yet hyl ene

gl ycol 1000 was substituted for 50% pol yet hyl ene gl ycol . 32 The
anti bodi es were s¢l ectedfusing the assay procedur¢
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descri bed above in Exanple I, in the paragraph with the headi ng "Production
* of nmonocl onal anti body against VII1:C"', except that antibodies which did

not neutralize VIII:C activity were al so subcloned and treated as descri bed
bel ow. The cl ones which were positive were subcloned twi ce and stable

cl ones producing antibody to VIII1:C were then injected into the peritoneal
cavities of Bal b/C m ce which had Qeen pretreated intraperitoneally with
0.5 m of pristane at |east four_aays prior to injection of cells.

Hybridoma cells were injected at concentrati ons of approximtely 5 Xx
10[err] cells per mouse in 0.5 m of Del becco's nodified Eagle' s nedi um

wi thout fetal bovine serum The mmogwaee tiapped when bl oated and ascites
fluid was collected in heparin at Tapproxrnately 10 units/m . Ascites fluid
frommultiple mce was pooled to :

This Example describes the results of treating
purified human Factor VIII:C with purified human activated
protein C (hereafter, "APC'), a known anticoagulant enzyme.
Human Factotr VIII:C was purified as described above. APC was
purified by the procedure described in Marlar, R.A. et al.,
"Mechanism of action of human gcéivated protein C, &
thrombin-dependent anticoagulant enzyme." Blood, Vol. 59, 1067
(1982), except that a mono S colummn of a Pharmacia FPLC system
was used to separate APC from thrombin.

Assays: Samples were assayed for VIII:C activity as
described above using an activated partial thromboplastin time

assay with hemophilia A plasma substrate.
Preparation of samples for electrophoresis: Since

calcium ions are required for APC activity, APC was stopped at

various times by addition of 1/10 volume of 100 mM EDIA containing 10 uM
dansylaxginine N-(3-Ethyl~1,5-pentanediyl)amide (DAPA) to the VIII:C + ARC

. aliquots as well as to the control VIII:C and ARC aliquots. A 1/10-volume
of 10 8 '

sodium doﬂécyl sulfate was then added to these aliquots. They
were then heated in a boiling waterbath for 5 minutes.and
subsequently dialyzed for SDS-PAGE as descriﬁed above.
Discontinuous sodium dodecyl sulfate 7.5% _
polyacrylamide gel electroﬁhoresis (PAGE) of reduced VIII:C,

staining with Coomassie blue R250 and scanning and integration

of the gel were as described above.

-
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provi de a conveni ent volune for subsequent isolation of the nonoclonal IgG
"The anti bodies were precipitated fromascites fluid using 50% amoni um
sulfate, and then reprecipitated two nore tinmes. The anti-VIII:C anti bodi es

so raised corresponding to (B), (C and (D) above were bound to .agarose
beads and shown to bind purified VII1:C from sol uti on.

Separ at e bat ches of
VIIl:C, one untreated and one subjected to thronbin proteolysis, were then
anal yzed by the SDS-PAGE steps descBfbed in Exanple 1. Then, each band was

transferred el ectrophoretically (Western transfers) fromthe gel onto a
nitrocel l ul ose sheet. The apparatus used was

Sample preparation:

A 339/.:3 sample of VIII:C in 0.3
ml of VIII:C buffér containing 0.3 M calcium chloride was

dialyzed overnight against buffer (50 mM Tris-chloride, 0.15 M
sodium chloride, 5 mM calcium chloride, 0.02% sodium azide, pH
7.4). To the dialyzed VIII:C sample was added 1.095 ml of

buffer, 90 ).Il of' rabbit brain cephalin (Sigma Chemical Co., St.

Louis, MD, veconstituted, stored and thawed according to

. manufacturer's instructions) and 15 }:1 of 1 oM

DAPA , to give a final DA?A
concentration of 10 A The DAPA was it_xciuded to inhibit any

trace amounts of thrombin present in the APC since 10 /JM DAPA

does not significantly inhibit APC. The final volume of the

sample was 1.5 ml and the final VIII:G concentration was 226
,ngml. Four hundred .microliters of the 1.5 ml VIII:C sample
were withdravgn and set aside as a control (designated VIII:C).
'ro. the remaining 1.1 ml was added 20 /.ll (10 ug) of APF. giving a
final APC concentration of 9 /ngml (designated VIII:C + APC).

A second control sample was prepared containing all cqméonents

at similar concentrations except that VIII:C was omitted
(designated APC).

Timepoints:

VIII:C alone; the mixture of VIII1:C ‘and
APC, and APC alone were placed in a 370C waterbath and at

given timepoints aliquots were.withdrawn for SDS-PAGE and/orx

VII1:C activity assay. It was also determined in control that

APC remained active in the hydrolysis of the synthetic

substrate .5-2238 after prolonged incubation at 37%c.
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33 Bio-Rad "Trans-Blot" cell, and Bi o-Rad Mddel 160.1.6 power supply
(Bi o-Rad Laboratories, R chnond, California). The transfer buffer was 25 nM

Tris with glycine added to pH 8.3, 20% net hanol. Transfers were carried out
over 16-24 hours at 90 volts and 100 m | |i anperes. The specific

pol ypeptides with which each of the antibodi es reacted were determ ned

using a procedure adapted fromWw MG Burnette, "Western Blotting:

El ectrophoretic Transfer of Proteins from Sodi um Dodecyl Sulfate

Pol yacryl am de Gels to Unnodified N trocellul ose and Radi ographi c Detection
wi th Antibodi es and Radi oi odi nated Protein A", Analytical Biochemstry,

Vol 112, pp. 195208 (G198 o BYLeTeCputiRB el WHLELESuSH oUbd s 15 M

associated with loss of approximately B85% of the control VIII:C
activity. APC inactivation of V1I1:C activity resulted in the
diminution of all VIII:C polypeptides of M_ between 92,000
and 188,000 and ;eneration of a polypeptide of M =45,000,
while leaving the doublet of M, = 79-80,000 intact.
A time course inactivation of purified-VIII:C by APC
showed the progressive disappearance of specific Viii:c
polyﬁéptides as VIII:C activity decreased over a 360 minute
time‘course. Scanning and integration of the gel showeé that
. the polypeptide Mr = 188,000 and the polypeptide of Mr =
92,000 decreased in parallel with VIII:C activity.
One other polypeptide. of intermediate M was cleaved
by APC but it was not easily‘quantfhafed by gel scanning. In
this experiment unlike the digestion with APC, some VIII:C

polypeptides of Mt = 92,000-188,000 were resistant to the APC

digesﬁion. However, as in the digestion with APC, the doublet

polypeptide at “r = 79-80,000 was not proteolyzed by APC.

A polypeptide of M_ = 45,000 eppeared to increase in
concentration as the polypeptides of M, = 188,000 and 92,000
decreased suggesting that it is a ptoteolytic'ftagment derived
from them. No other digestion products were visualized with
Coomassie blue. |

4s shown in Exémple I, duriug thrombin activation of

VI11:C the M. = 92,000 polypeptide increased and decreased in
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_sodium azide, pH 7.4. Al reactions were carried out at roomtenperature.
1. Pl ace the nitrocellul ose sheet with the transferred protein in a tray
containing 100 m of Buffer D and 0.25%gelatin. Place the tray on a
rotary shaker and shake slowy for 30 m nutes. 2. Then add the nonocl onal
antibody to the tray (either 0.1%- 1% of ascites fluid or 1 ng of purified
| gG . Shake for 120 m nutes. 3. Wash the nitrocel |l ul ose sheet as foll ows:
(a) 10 mnutes with 100 ml of Buffé8r D. (b) 30 minutes with 100 m of
Buffer D and 0.05% of Noni det-P-40, with changes at 10 and 20 m nutes.

parallel with VIII:C activity. 1In order to determine whether a

linear relationship existed between proteolysis of the
polypeptide of M. = 92,000 and the loss of VIII:C activity,
the data of this time course inactivation run were re-plotted
to examine percent VIII:C activity versus percent of

polypeptide of M, = 92,000. The amount of VIII:C activity

appeared to be proportional to the amount of the polypeptide of
M, =-92,000.

. The present invention relates to
monpdlonal antibodies which are specific in an unforeseeable
way to the various polypeptides which are formed by the
reaction of factor VIII:C with a.prdtease such as _
alpha-thrombin. Each antibody reacts with human facﬁor VI1I:C
which has not.been activated nor digested with thrombin or

equ;va;ent proteases. The antibodies are further characterized

by their individual properties, as follows:

(A) One reacts with the ¥_.=92,000 polypeptide
described herein, with polypeptides of Mr~108;000 and larger,
and ?Fth the polypeptide of M, = 44,000 whigh is present in
terminal-thrombin digests. 1t does not react with the
polypeptide described herein which exhibits a doublet of Mr =
79,000-80,000, nor with the polypeptide described herein which
exhibits a doublet of M_ = 71,000-72,000.

(B) One reacts with the M =92,000 polypeptide
described herein, with polypeptides of.Mr=108,000 and larger,
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.34 (c) 10 mnutes with 100 mM of Buffer D. 4. Soak the nitrocellul ose
sheet in Buffer D.plus 0.25%gelatin and I[err]-labelled purified rabbit
anti-nouse 1gG for 30 mnutes. 5. Wash the nitrocellul ose sheet as
follows: (a) 10 mnutes with 100 mM of Buffer D. (b) 16-24 hours with 100
m of Buffer D plus 0.1% Nonidet P-40 and 0.5 M NaCl. (c) 10 mnutes with

100 m of Buffer D. 6. Blot the nitrocellul ose sheet between two sheets
of filter paper and then store the r@grocellul ose sheet in a

and with the polypeptide of M. = 54,000 which is present in

terminal thrombin digests. It does not teact with the

polypeptide described herein which exhibits a doublet of M, =

79,000-80,000, nor with the polypeptide described herein which
exhibits a doublet of M_ = 71,000-72,000. '

(C) Onme rcacts with the doublet of M_=79,000-80,000
and polypeptides of M_=108,000 and greater, but not with the
polypeptide of M{592,000. notr with the polypeptides of M =
71,000-72,000, M_=54,000, nor M_=44,000.

. (D) One reacts only with polypeptides of M_=108,000
and greater.

Each of these antibodies can be used to concentrate
the complex described above, from mixtures which also contain
othe;-polypeptides. One such mixture is produced by partial

digestion of human factor VIII:C with o/-thrombin or an

equivalent protease. Another such mixture is that produced by

tecombingnt DNA téchniques in which a desired polypeptide or
complex is expressed by a microorganism and mhst be recovered
from a mixture with other btotéinaceous compounds. intibody
(A)., (B), (C) or (D), or a combination of two, three, or all of
them, can be attached to an immunoadsorbent column in the
manner described in Example 1, and a feed solution of the

mixture containing the polypeptide(s) comprising the complex is

poured through the column. Those polypeptides having M.t of

92,000, 79,000-80,000, and 71,000-72,000 which are present in
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seal ed plastic bag. 7. To determ ne which anti bodi es and pol ypepti des had
‘reacted, (a) Prepare an autoradi ograph of the nitrocellul ose sheet, using
standard procedures known in the literature. (b) Conpare the

aut or adi ograph with a nitrocellul ose sheet onto which VIIl:C was
transferred but which had been stained with Coomassi e blue R250 rather than
reacted with nonclonal antibody. These steps denonstrated that the

followi ng distinct antibodi es had hgen rai sed. Four antibodies reacted with
t he pol ypeptide of M =92,000, the M =108, 000 and | arger pol ypeptides, one
or the other of the polypeptides of M =54,000 or 44,000 present

the feed solution adsorb onto the column, from which they can

be eluted as taught hereinabove after the source solution has

been washed through the column. The resulting eluted solution

is thereby concentrated in the desired activated VIII:C complex

compatéd to the feed solution.
The new antibodies are also useful for analytical

purposes, to detect the occurrence of the reaction of human

VIII:C with thrombin or other proteases, because of their
abilﬁty to react -with products of that reaction. An anﬁibody

hayihg profile (B) and an antibody having profile (C) have been

found which neutralize VII1:C coagulant activity when either is

bound to factor VIII:C. This additiomal property can be of

value in the diagnosis of hemophilia-related disorders.

The discovery of these antibodies also permits further
characterization of the components of the polypeptide complex
described herein. Thus, the polypeptide Qﬁich exhibits a band

" of Mtf?Z.OOO contains (at least) two epitopes (i.e. a;cibody
binding sites) that are not destroyed by thrombin diggscion and

are hot present on the polypeptides which exhibit the doublet
of M_=79,000-80,000 nor the doublet of M_=71,000-72,000.

One of these epitopes is also present om the polypeptide of
M _=44,000, and.the other on the polyﬁeptide of M_=54,000.
Thus, the M_=54,000 and Mr=44,000 polypeptides derive from
the M _=92,000 polypeptide. Also, the Mr=92,000 and
M_=79,000-80,000 polypeptides are derived from a common
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in termnal thronbin digests, and no other polypeptides. This 35
denonstrates the origin of these two |atter pol ypeptides fromthe
pol ypeptide of M=92,000 as the result of thrombin cleavage. It also shows
that two epitopes on the M =92, 000 pol ypeptide survive that cl eavage, and
that these epitopes are not present on the M = 79, 000-80, 000 doublet. A
fifth antibody reacted with the doublet of M =

_ = 79, 000- 80, 000, and with
pol ypepti des of M =108, 000 and gredber, but not with the pol ypeptide of M
92,000 nor with any of the polypeptides present in termnal thronbin

di gests.

' precursor or precursors. The discovery of antibodies having

profile (B) and profile (C) each of which neutralizes factor

VIII:C coagulant activity is further support that the

M_=92,000 and M _=79,000-80,000 polypeptides are important

to the coagulant function. The polypeptides exhibiting the

doublet of M_=79,000-80,000 contain an epitope which is
destroyed by thrombin digestion and which is not present on the
polypeptide of M =92 000.

These monoclonal antibodies can be prepared by the
genefal steps of purification of human factor VIII:C; raising

monoclonal antibodies to the purified VII1:C; partial digestion
and activation of purified VIII:C to produce the polypeptide

complex described above, ipcluﬁihg identification of the
specific polypeptides; reaction of the anti-VIII:C antibodies
with the products.of the activation; and characterization of an

antibody by identification of the polypeptide(s) with which it
teacted.

I11 below.

This sequence i{s set forth in more detail in Example
Alternatively, oune can prepare an antibody by
isolating the particular polypeptide of interest from the
pattial thrombin digestion products, for instance by
immnnoad;ofbtion onto and then elution off of a column
comprising agarose to which is coupled a monoclonal antibody
‘ kuown to react with the polypeptide of interest, and then

raising a monoclonal antibody against that polypeptide using

the procedure described in'Example I1I.
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This denonstrates that the M =79, 000-80, 000 doubl et possesses an epitope
which is not present on the M = 92,000 pol ypeptide; and that the epitope
is destroyed by thronbin digestion of the M =

= 79, 000- 80, 000 doubl et. The
reaction profiles of these five antibodies indicate that the M = 92,000
and M =

= 79, 000- 80, 000 pol ypepti des derive froma conmon precursor or
precursors. A sixth antibody reacted only with pol ypeptides of M = 108, 000
and greater. Since it did not reagt with any pol ypeptides present in
termnal thronbin digests, the epitope with which it reacted is destroyed

by thronbin digestion. To prepare and store a biological preparation of one
or nore of these antibodies, the

[ I ng nonocl onal 1gG may be
i sol ated from hepari ni zed pooledgééézﬁéggﬁﬂbid

Monoclonal antibodies to human Factor VIII:C were
raised using the following procedure, starting from highly

purified VIII:C which had been prepared by the process of U.S.
Patent No. 4,361,509.

Mice were injected with highly purified factor VIII:C

according to the following procedure. On day zero, the mice-

were injected intraperitoneally with a composition prepared by
dissolving (or suspending) lojpg of the protein in 0.1 ml of
buffer containing 0.05 M Tris, 0.15 M sodium chloride, 0.02%

sodium azide, 1 mM phenyl methyl sulfonyl fluoride, trasylol 10
" units/ml at pH 7.3, and shaking with an equal volume of _
complete Freund's adjuvant. On day 14, the mice were again

injected with the same material except that incomplete Freund's
adjuvant was substituted for conmplete Freund's.adjuvant. On
day 21, the injection of day 14 was repeated. On day 38, the

mice were injected with purified VIII:C only. On day 42, the

sbleens of the mice were removed and fused according to a
standard procedure, of the type described by J. P. Brown et al
"Protein Antigens of Normal and Malignant Human Cells _
Identified by Immunoprocipitation with Monoclonal Antibodies",

JOURNAL OF BIOLOGICAL CHEMISTRY, Vol. 225, pp. 4980-4983

(1980) . The standard technique was varied only to the extent

that 35% polyethylenme glycol 1000 was -substituted for 50%
polyethylene glycol.
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i medi ately after collection or a frozen portion of the stored solution nmay
be thawed. Regardl ess of whether fresh or frozen 36 material -is used,

the solution is brought to 4[err]C and treated with an equal vol ume of
phosphat e buffered saline solution (PBS) (PBS: 1.6 g sodi um phosphate,
nonobasi ¢ nonohydrate; 8.4 g sodi um phosphate, dibasic anhydrous; 61.4 g
sodiumchloride; water to 7 liters; pH=7.2). The diluted ascites is
precipitated by dropw se addition witdp stirring at 4[err]C Centrifugations

are preferably carried out at 14,000 rpmfor 60 m nutes (36,000 X g). The
supernatant solution of ascites is

The antibodies were selected using the assay procedure
described above in Example I, in the paragraph with the heading
“"Production of monoclonal antibody against VIII:C", except that

antibodies which did not nehtralize VIII:C activity were also

subcloned and treated as described below.

The clones which were positive were subcloned twice
and stable cloneé producing antibody to VIII:C were then
'injected into the peritoneal cavities of Balﬁ/c mice which had
been pretreated intraperitoneally with 0.5 ml of ptigtane at

leasc four days prior to injection of cells. Hybridoma cells

were injected at concentrations of approximately 5 x 106

cells per mouse in 0.5 ml of Delbecco's modified Eagle's medium

without fetal bovine serum. The mice were tapped when bloated

and ascites fluid was collected in.heparin at approximately 10

units/ml. Ascites fluid from multiple mice was pooled -to

provide a convenient volume for subsequént isolation of the

monoclonal IgG. The antibodies were precipitated from ascites

£luid using 50% ahmonium sulfate. and then :eptecipitéted two

motre cimes. The anti-VIII:C antibodies so :aised cot:esponding

to (3); (C) and (D) above were bound to agarose beads and shown
to bind purified VIII:C from solutiom.

Separate batches of VIII:C, one untreated and ome
subjected to thrombin p:oteolyéis, were then analyzed by the

SDS~PAGE steps described in Example 1. Then, each band was

transferred electrophoretically (Westernm transfers) from the

gel onto a nitrocellulose sheet. The apparatus used was
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precipitated twice nore wwth SAS and the m xture of precipitate and
‘supernatant liquid stirred and centrifuged in the same manner as in the
first cycle. The pellets resulting fromthe third precipitation are
resuspended in a volunme of PBS equal to that of the diluted ascites fluid
and then dialyzed exhaustively against PBS. Clots appearing in the dialysis
bags are renoved by centrifugation at 20[err]C. The dialyzed IgGis
adsorbed by stirring it with a 5% aggous sol ution of al um num hydr oxi de at
roomtenperature and centrifuging at 20[err]C after adsorption. The
adsorption treatnent is repeated at |east three nove tinmes using 2.5%

al um num hydroxi de solution for each treatnent after the first. The

adsor bed BigeRiad bToagatBlot[eellC and Biéprkad prlodedbdl6fck. §indwesAS as

descri bed abqve.,_The_precipitated _pellets may be stored at -ZQ{err]C unti |
used. supply (Bio-Rad Laboratories, Richmond, California). he

transfer buffer was 25 mM Tris with glycine added to pH 8.3,
20% methanol. Transfers were carried ou£ over 16-24 hours at
90 volts and 100 milliamperes.

The specific polypeptides with which each of the
antibodies reacted were determined using a procedure a@apted
from W. M. Burnette, "Western Blotting: Electrophoretic
Traﬁgfer of Proteins from Sodium Dodecyl Sulfate Polyacrylamide
Gels to Unmodified Nitfocellulose and Radiographic Detection
with Antibodies and Radioiodinated Protein A", Analytical
Biochemistry, Vol. 112, pp. 195-203 (198l1). .

“Buffer D" was 10 mM Tris chloride, 0.15 M NaCl, 0.02%

sodium azide, pH 7.4. All reactions were carried out at room

temperature.

1. Place the nitrocellulose sheet with the

ttansferred protein in a tray containing 100 ml of Buffer D and
0.25% gelatin. Place the tray on a rotary shaker and shake
slowly for 30 minutes.

2. Then add the monoclonal antibody to the tray

(either 0.1% - 1% of ascites fluid or 1 mg of purified 1gG).
Shake for 120 minutes.

3. Wash the nitrocellulose sheet as follows:

(a) 10 minutes with 100 ml of Buffer D.

(b) 30 minutes with 100 ml of Buffer D and 0.05 % of

Nonidet-P-40, with changes at 10 and 20 minutes.
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Two preferred procedures for purifying the nonocl onal antibodies and
‘mai nt ai ni ng bi ol ogi cal preparations containing themare described in P. L.

Ey et al., "lsolation of Pure 37 lgJerr], Ilgderr], and Igderr]
| mmunogl obul i ns from Mouse Serum Using Protein A-Sepharose.”
| munochem stry, Vol. 15, pp. 429-436; and in C. Bruck et al.., "Qne-Step

Purification of Mouse Mnocl onal Antibodies fromAscitic Fluid by DEAE

Affi-Gel Blue Chromatography." J. |mgunol ogi cal Methods, Vol. 53, pp.
313-319 (1982). :

(c) 10 minutes with 100 ml of Buffer D.

4, Soak the nitrocellulose sheet in Buffer D.plus

0.25% gelatin and 1'29_labelled purified rabbit anti-mouse
IgG for 30 minutes. . |
5. Wash the nitrocellulose sheet as follows:
(a) 10 minutes with 100 ml of Buffer D.
(b) 16-24 hours with 100 ml of Buffer D plus 0.1%
Nonidet P-40 and 0.5 M NaCl.
(¢) 10 minutes with 100 ﬁl of Buffer D.

- Ba Blot the nitrocellulose sheet between two sheets

of filter paper and then store the nitrocellulose sheet in a
sealed plastic bag.

7. To defermine.whibh antibédies and polypeptides
had feacted, |
(a) Prepare an autoradiograph of the nitrocellulose
sheet, using standard procedures koown in the literature.
(b} Compare the autoradiograph with a nitrocellulose
. sheet onto which VIII:C was transferred but which had been

staiaéd with Coomassie blue R250 rather than reacted with
monclonal antibody.

These steps demonstrated that the following distinct
antibodies had been raised.

Four antibodies reacted with the polypeptide of
M _=92,000, the Mraloa.boo and larger polypeptides, one or
the other of the polypeptides of M_=54,000 or 44,000 present

in terminal thrombin digests, and no other polypeptides. This
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38 Cainms 1. A nmonocl onal anti body of class I1gG which reacts with human
“Factor VII1:C polypeptides selected fromthe group consisting of: (A)

pol ypeptides of M = 44,000; 92,000; 108,000; and undigested Factor VIII:C
and not pol ypeptides of M = 54,000; 71,000; 72,000; 79.000; or 80,000; (B)
pol ypeptides of M = 54,000; 92,000; 108,000; and undigested Factor VIII:C,
and not with pol ypeptides of M = 44,000; 71,000; 72,000; 79, 000;
80, 000; and (C) polypeptides of M3s 79,000 and 80, 000; 108, 000;

or

demonstrates the origin of these two latter polypeptides from

the polypeptide of M_=92,000 as the result of thrombin

“cleavage. It also.shows that two epitopes on.:he_M:=92,000

polypeptide survive that cleavage, and that these epitopes are
not present on the_Mr = 79,000-80,000 &oublet.

| A fifth antibody reacted with the doublet of Mr =
79,000-80,000, and with polypeptides of Mt=108,000 and
greater, but not with the polypeptide of M_=92,000 nor with
any of the polypeptides present id terminal ;brbmbin digests.
This demonstrates that :hg Mr=79,000-80,000 doublet possesses
an epitope which.is not present on the Mr~92.000 polypeptide;
and that the epitope is destroyed by thrombin digestion of the
M, = 79,000-80,000 doublet. o | .

o The reaction profilés of these five antibodies
indicate that the M_=92,000 and M_ = 79,000-80,000
polypeptides derive from a COMmMON Precursor.Or Precursors.

A sixth antibody réagted'pdly.with polypeptides of
ut-log;ooo and greater. Sinde.it°di§'not r;act'with any ' -
polypéptides p:gSent in tetﬁin&l tﬁrombin digests, the3epitope'
with whigh it reacted is deé::oyed'by thrombin digestion.

To prepare and store a biological préparation of one
or more of these antibodies, the corresponding monoclonal IgG.'

may be isolated from heparinized pooled ascites fluid

immediately after collection or a frozen portion of the stored

solution may be thawed. Regardless of whether fresh or frozen
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and undi gested Factor VII1:C and not with pol ypeptides of M = 44, 000;
54,000; 71,000; 72,000; or 92,000. 2. A biological

preparation conprising
the anti body according to claim1l which exhibits reaction profile A said
preparation is essentially free of antibodies which exhibit reaction
profiles B and C. 3. A biological

preparation conprising the anti body
according to Caiml1l which exhibits reaction profile B, said preparation is
essentially free of antibodi es whi cRéexhibit reaction profiles A and C
39

. material is used, the solution is brought to 4°C and treated
with an equal volume of phosphate buffered saline solution
(PBS) (PBS: 1.6 g sodium phosphate, monobasic monohydrate; 8.4

g sodium phosphate, dibasic anhydrous; 61.4 g sodium chloride;

water to 7 liters; pH=7.2). The diluted ascites is

precipitated by dropwise additionm with stirring at 4°c.

Centrifugations are preferably carried out at 14,000 rpm for 60

minutes (30,000 x g). The supernatant solution of ascites is

precipita:ed twice more with SAS and the mixture of precipitate

and supernatant liquid stirred and centrifuged in the same

manner as in the first cycle. The pellets resulting from the

third precipitation are resuspended in a volume of PBS equal to
that of the diluted ascites fluid and then dialyzed

exhaustively against PBS. Clots appearing in the dialysis bags

are removed by cencfifugacion at 20°C. The dialyzed 1gG is

adsorbed by stirring it with a 5% aqueous solution of aluminum
hydroxide at room temperature and centrifuging at 20°C after
adsorétion. 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

4°C and reprecipitated once with SAS as described above. The

pteciﬁitated pellets may be stored at ~20°C until used.

Two. preferred procedures for purifying the monoclonal
antibodies and maintaining biological pteparétions containing

them are described in P. L. Ey et al., "Isolation of Pure
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4. A bi ol ogi cal preparation conprising the antibody according to claim1l
whi ch exhibits reaction profile C, said preparation is essentially free of
anti bodi es which exhibit reaction profiles A and B. 5. A biol ogical
preparation conprising a mxture of antibodies according to claim1 which
exhibit reaction profiles A and B and is essentially free of antibodies

whi ch exhibit reaction profile C. 6. A biological -preparation conprising a
m xture of anti bodies according to gfaim1 which exhibit reaction profiles
A, B and C. 7. A nonoclonal antibody according to claim1 having reaction
profile B or C further characterised in that said anti body neutralizes
human Fats@y. IgG; G coalulgly, deinutidgl oMifiins from Mouse Serum

Using Protein A-Sepharose." Immunochemistry, Vol. 15, PP.

429-436; and in C. Bruck et al., "Qne-Step Purification of
Mouse Monoclonal Antibodies from Ascitic Fluid by DEAE Affi-Gel

Blue Chromatography.’ J. Immunological Methods, Vol. 53, pp.
313-319 (1982).
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said antibody is bound to Factor VIII:C 8 A hybridoma that secretes a
nonocl onal anti body according-to claim1(A). 9. A hybridoma that secretes

a nonocl onal antibody according to claim1(B). 10. A hybridona that
secretes a nonoclonal antibody according to claim21(C).

40 11. A human
Factor VII1:C nonocl onal antibody produced in response to inmunization with
a Factor VIII:C protein conposition having a Factor VIII:C protein doubl et
with a

38

Claims

1. A mdnoclonal antibody of class IgG which reacts

with human Factor VIII:C polypeptides selected from the group
consisting of:

(A) polypeptides of M, = 44,000; 92,000 108,000; and

undigested Factor VIII:C; and not polypeptides of M, = 54,000;
71,0003 72,0007 79,000; or 80,0007

(B) polypeptides of M, = 54,000; 92,000; 108,000; and

undigested Factor VIII:C; and not with polypeptides of M =
44,000; 71,000; 72,000; 79,000; or 80,000; and

(C) polypeptides of M, = 79,000 and 80,0007 108,000;

and undigested Factor VIII:C; and not with polypeptides of M, =
44,000; 54,000 71,000;. 72,000; or 92,000.

2. A biological prepmti.oh' comprising the antibody

according to claim 1 which exhibits reaction protile A, said

. preparation is essentially free of antibodies which exhibit
reaction profiles B and c. .

3. A biological preparation comprising the antibody |

according to claim 1 which exhibits reaction profile B, said

Preparation is essentially free of antibodies which exhibit
reaction profiles A and c.
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nol ecul ar wei ght of 80,000 and 79, 000 conplexed with a 92,000 protein, said
"conposition exhibiting a biological activity of Factor VII1:C, and wherein
said anti body specifically binds to at | east one pol ypeptide derived from
sai d composition. 12. Mnocl onal antibodies prepared in response to an

I mmunogen and specifically binding to said i nmmunogen, said inmunogen
_consisting of a protein conposition substantially free of other proteins
and consisting. of a conplex of an 80,000 and 79, 000 protein cal cium bridged
with a 92,000 protein exhibiting a biological activity of Factor VIII:C

13. A nonocl onal antibody of class | gG3shich reacts with human Factor
VIINl:C polypeptides of M = 108,000 and undi gested Factor VIII:C, and not
pol ypeptides of M = less than 108, 000.

4. A biological preparation comprising the antibody
according to claim 1 which exhibits reaction profile C, said

preparation is essentially free of antibodies which exhibit
reaction profiles A and B. ‘

8. A bioclogical preparation comprising a mixture of
antihodias accorxding to claim 1 which exhibit reaction profiles A

and B and is essentially free of antibodies which exhibit
reaction profile C.

6. A biological preparation comprising a mixture of

antibodies according to claim 1 which exhibit reaction profiles
A, B and C.

7. A'mﬁnoclonal antibody according to claim 1 having
reaction profile B or ¢, furthex ehnracterizad in that said:
antibony neutralizes human Factor VIII:C coagulant activity when
satd antibody is bound to Factor VIII:C. '

8. A hybridoma that secretes a monoclonal antihody'
according to claim 1(a).

9. A hybridoma that secretes a monoclonal antibody
-according to claim 1(B).

10. A hybridoma that secretes a monoclonal antibody
according to claim 1(C).
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14. A hybridoma that secretes a nonoclonal antibody according to claim13.

" 41 15. An i munoadsor bent columm conprising particles of solid

i mmunol ogically inert adsorbent material bound to an anti body according to
claim1 or 13. 16. A columm according to claim 15 wherein the adsorbent

material is agarose.

40

11. A human Factor VIII:C monoclonal antibody produced

in response to immunization with a Factoer VIII:C protein
composition having a Factor VIII:C protein doublet with a
molecular weight of 80,000 and 79,000 complexed with a 92,000
protein, said conpnsiiion exhibiting a biological activity of

Factor VIIX:C, and wherein said antibody specifically binds to at
least one polypeptide derived from said composition.

12. Monoclonal antibodies prepared in response to an

immunogen and specifically binding to said immunogen, said
immunogen consisting of a protein composition substantially f;'ee
of other proteins and consisting of a complex of an 80,000 and

79,000 protein caloium bridged with a 92,000 protein exhibiting a
biological activity of Factor VIII:C. '

-13. A monoclonal antibody of class IgG vhich reacts
with human Factor VIII:C polypeptides of M, = 108,000 and

undigested Factor VIII:C; and not polypeptides of M, = less than
108,000. '

i4. A hybridoma that secretes a monoclonal antibody
according to claim 13. '
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15. An immunoadsorbent column comprising particles of

solid immunologically inert adsorbent material bound to an
antibody according to claim 1 or 13.

o 16. A column according to claim 15 wherein the
adsorbent material is agarose.
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Monoclonal antibodies to polypeptides exhibiting high
specific VIII:C coagulant activity are disclosed.

5
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