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This invention relates to new factor VIII
_polypeptides, that is, proteins, exhibiting coagulaat °
activity. The invention therefore has utility in the therapy
for classic hemophilia, and in the further study and _
characterization of the polypepcidé or polypeptide cbmplexes
which provide desired clotting behavior to the blood of humans
and other mammals. _ - |

It hés long been known that plasma féctot VI11 plays a
crucial role.in blood coagulation, and that chrombin'a;:ivates
the coagﬁlan:_effec: of factor VIII. Recent attempts to
characterize fac:oerIII have postulated that factor VIII is a

complex of at least two polypeptides, which are known as VIII:C

and VII{:R.'and have found coagulant a;civity to reside in the
VIII:C portién. Studies of the effect of thrombin on facto;
ViII:C have led to the conclusion that thrombin activates this
factor by breaking it down into seve:al smaller polypeptides.
However, no prior studies have been able to associat;
thrombin-induced factor VIII activation in humans with any

defined polypeptides formed from humahifactor VIII:C.
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s invention relates to new factor VIII polypeptides, that is, proteins,
i biti'ng coagulant activity. The invention therefore has utility in the

rapy for classic henophilia, and in the further study and
racterization of the pol ypeptide or polypeptide conpl exes mmﬂE%2%3é%ﬁd5

ired clotting behavior to the blood_gf humans and ot her mammals.

*has | ong been known that plasnma factor VIII plays a crucial role in

od coagul ation, and that thronbin activates the coagul ant effect of

tor VIIl. _Recent attenpts to characterize factor VII1 have postul ated
t factor VM1 is a cofff dosgenee, |Heyer end Driboldpt i sleSTheWs £dc Bilod

“WIT1C port (G *’%{" o SR B o A3 o791 WabmoEhiwn Nedot 87:50-64 |
(1981), sought to purify human.factor VIII:C by immunoadsorbent
.5 chromatography using a polyclonal antibody to factor VIII:R
raised in the rabbit. They then incubated the factor VIII:C
with purified' human A-thrombin, and determined that small
10 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
15 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 VIII:C antigen

determinants.

20 Fulchgr, C.A. and Zimmerman, T.S. in "Characterization
of the human factor VIII pProcoagulant protein with a
heterologous precipitating antibody", Proc. Natl. Acad. of Sci.

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

VIII: C from plasma concentrate by passing the concentrate
through a column con:aining a monoclonal antibody to factor
;Iiiék. eluting the VIII:C from the adsorbed VIII:C/VIII:R

30 complex.-and concentrating the factor VIII:C on a second
column. The purified factor VIII:C was then analyzed by sodium
dodecyl sulfate/polyacrylamide gel electrophoresis (hereafter,

“SDS-PAGE"), both before and after addition of thrombin to the
35
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|:C have led to the conclusion that thronbin activates this factor by

.Eakiﬁb It down into several smaller polypeptides. However, no prior
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4ud|es have been able to associ ate thronbin-induced factor
}hun&ns mnth any defined pol ypeptides formed from human f

GAB3s e

purified matézial. The purified factor VIII:C prior to
thrombin adﬁition showed a wide array of bands on SDS-PAGE
corresponding to Polypeptides of various molecular weights
(Mt). includjpg a relatively 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 diminytion or disappearance of all of the
polypeptides shown prior to thrombin addition..

. The éoagulan:'activity of the plasma concentrate tose
following chrﬁmhin addition to a maximum of three times that of
the material prior to thrombin addi:ioﬁ. 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
activating effec: on the factor VIII C in each case. Thus,
whereas the purif1ed factor VII1:C possessed a reported
specific actiy;;y some 3280 times that of the starting
material, one skilled in this art would conclude that the
increase in spécific activity was due to the high degree of °
purification géh;eved. There is no basis in this article for
ascribing actiééﬁed coagulant activity to any specific one or
more of the léféiinumbet of polypeptides associated with the

baﬁds observed in the purified factor VIII:C prior to

activation with thrombin.
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or instance, Hoyer and Trabold, in "The effect of t hronbi n on human

bact or VI 11", J. Lab. din. Med. 97:50-64 (1981). sought to purify
LHTRN factor VI'F:-C by si'nfmunoadsor bent 5 chromat ogr aphy usi NN a‘@%gé$al
’Lé ibody to factor VIII:R - raised in the rabbit. They then~i

factor VIII:C -  with purified human J{err]-thronbin, and determ_ned
5‘ .smal |- anounts of the thronbin activated the factor VII1:C whereas
» 2% “Targer anmpunts activated it less or not at all. They also
hcl uded that thronbin activation is acconpani ed by a decrease in the

,, of the protekn, and tHehe prepersednuempionc gebatess towifgetonfvigieat
, 000 -for the aCE¢a@ﬂ1€dtféHHtQﬁniﬂd|on€ or Me¥e polypepidddd ichabidderikbgy

I d not. identi fytlggggtf i ¢ pol ypepti des that retained factor VII1:C
¥ivity and VII| antigen det er mi nant s Ful cher, C A

3 zimerman, T.S. in "Charldlt 1% 9F B¥Fe of th%fml"ﬁ%e‘fﬁj'ﬁﬁﬂ $XRdPAE Vi ||
coagul ant protginbapgataa point korcesncndéne 4o @bi P} toft RboptaIi vy "
pc. Natl. Acad. ofr Behds at points corresponding to M_ values of about
' 92,000, -about 80,000, and about 79,000; of about 92,000,
.about 72,000, and about 71,000; or of about 92,000,
about 80,000, about 79,000, about 72,000, and about
10'71,000;IWhen subjected to sodium dodecyl sulfate-~
polyacrylamide gel electrophoresis;
" (ii) the coagulent exhibits specific coagu-
lant activity higher than 1800 Units/mg;
" {iii) the coagulant exhibits the activity
15 in sfep-iii) over a continuous period of at least
about 10 minutes; and _
e ' (iv) the coagulant exhibits human factor
él o VIII:C. éntibody binding capacity.
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. Other aspects of the invention include biological
20 preparat:ons containing the coagulant, and the treatment of

=

é? the clqtging disorders of hemophilia by administering the

E# cqaguladg;or preparations thereof. Yet another aspect of

23 the present invention comprises making the coagulant, or

z; a concentrated prepatation thereof, by digesting human factor
i': 25 VIII: C with O{-thrombin, discontinuing the digestion while

53, the coagulant described above is present, and recovering the
_5%' coaguiant; A further aspect of the invention is a process

ﬁ%  for recovexing VIIXI:C polypeptides, without losing coagulant

activity. from an immunoadsorbent contaxning monoclonal

SO 30 antibodies to factor VIII:C.

' ’ In addition, the 1nvention includes a monoclonal

g ant;body of class IgG produced by a hybridoma formed by
fusion- o “cells from a mouse myeloma and spleen cells fronm
a mouse_pggviously immunized with human factor VIII:C, which

35 antibody reacts with human factor ?III:C and exhibits one
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SA, 79:1648-1652 (1982) obtained highly purified human factor

:C from plasna concentrate by passing the concentrate through a
(m contai ning a nonocl-onal antibody to factor VI ?} g
VII1:C fromthe adsorbed VII1: C/VIII:R 30 conpl ex, concentr ting
factor VI11:C on a second celssrm. The purified factor VIT11:C was
anal yzed by sodi um dodecyl sul fate/pol yacryl am de gel

trophoresis (hereafter, "SDS- PAGE"), both before and after

tion of thronbin to the - 3-
of the following reaction profiles with polypeptides derived

from human factor VIII:C:
(A) reacts with those polypeptides so derived of

892 000; M =180,000 and greater; and 54, 000, and does not
react with chose polypeptides so der1ved of M_=44,000;
71,000; 72, OOO. 79,000; nor 80,000;

(B) reacts with those polypeptides so derived of
10 Mt=92.000; MtflOB,OOO and greater; and 44,000; and does not
react with thege'polypeptides so derived of Mr=54.000;
71,000; 72,000; 79,000; nor 80,000;

(C) reacts with those polypeptides so derived of
M_=79,000 and_ap,poo; and M_=108,000 and greater; and does

15

not react with thq§e polypeptides so derived of M_=44,000;

54,000, 71,000; 72,000; nor 92,000; _
20 _ (D) 'feac;s with those polypeptides so derived of

M_=108,000 endﬂhigher; and does not react with those

polypeptides sb_derived"df M; less than 108,000;
) wherein the M values are determined by subjecting
25 the polypeptides to eodium dodecyl sulfate-polyacrylamide gel
electrophoresis.

As indicated, the present invention encompasses -
polypeptide coagulants which exhibit factor VIII:C coagulant
activity and factor ‘VIII:C immunological behavior, and which ‘

30 show cha:acteristic M_ value(s) when analyzed by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (hereafter,
"SDS~PAGE) . By__polypeptide complex” hereinafter is meant a
coagulant compfiﬁihé-combinations of two or more polypeptides
known to be phﬁéi,elly distinct, but also preparations contain-

35 ing only one dis&ef@ible polypeptide, i.e., that which exhibits
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purified material. The purified factor VI11:C prior to t hronbi n
ddi tipn showed a wide array of bands on SDS- PAGE correspondlng to
ol ypepti des .of various nol ecul ar wei ghts 5 (Merr]), incluf) m@ggqs

el atively strong doublet at Merr] of 80,000 and 79, 000. -and at | east
Bi-x.addi tional faintly staining pol ypeptides with |arger Merr]
'ncludlng one at Merr] about 92, 000. Addition of thronmbin to the- &
urified factor VI11:C 10 caused the di m nution or disappearance of al
Bf t he pol ypeptides shown prior to thronbin addition. The
oagul ant act RvR tBATSY 2F 1P agfraezc(?ﬂew-t rate rose 15 fol |l owing thronbin

ddition to a maxi num ofhe ;Hﬁe.er{mb_d:es békow ghéwing the fpreparatical ofrther to
nronbi n add't'éﬁhiﬁ%ﬁdc6$§§1§6tnﬁﬁﬂﬂihEﬂ-human factor VIII:C which has been

highly purified, in order to free the identification and .
characterizaﬁiﬁn of the novel product from the effects of
extraneous ﬁdljpeptides. It should be recognized, though, that
the invention itself is not dependent on how the starting
material has~gFev1ously been treated, except where specifically

e indicated. The active factor VIII:C polypeptides of the
;tésent 1nven:1on can be prepared not only by digestion with
thrombin as descrlbed in greater detail below, or with other

15 sxm1larly accing .proteases such as Factor Xa, Factor IXa, or
Russell's vzper venom~-V, but also by recombinant DNA technxques“
in which the pplypepC1des of interest are produced by bacteria,
yeast, or otﬁéiicells into which one or more genes for

20 produciﬁg thgﬁﬁﬁlypep;ides of interest are inserted by

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

to produce the complex in a mixture wzth one or more other

25
polypeptxdes._ .
Any pI@sma ot plasma couceﬁtrate concaining human‘

factor VIII:C. an be employed to advantage. The novel

30 coagulant cﬁn

giepa:ed from human. factor
VIII:C which

'éen.ult:aputifiedgin accordance with the
process deséﬁi

30, 1982, the d¢:

-in U.S. Patent No;-4.361,509. issued November

_#Qlosure of which is hereby incorporated herein
35 ' '
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e coagul ant activity of the purified factor VIII:C al so rose to a

i mufh of three times that of the pre-activated 20 naterl?é i?g
ronbl n had essentially the sane activating effect on ﬁ‘e 9(

~C in each case. Thus, wher ea the purified factor VIII:
lsse:ssed a reported 25 speC|f|c act|V|ty sone 3280 tines that of the
artlng material, one skilled in this art would conclude that the

g'crease in specific act|V|ty was due to the high degree of

iri fication aghire@fegencldler @ni 8h4W pt,}%%bgsl N tdiuscards céa%tgprvﬁq casgdy bi ng
tivated coagul ant activity to any specific one or nore of the |arge

inber of pol ypeplrees assoplased cvinkkathete is paasisd alheug®chd n t he
«rlfled factor VI11:C prior to activation_w th thronbin.
immunoadsorbent column to which monoclonal antibodies to factor
5 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 aminchexyl agarose.
It should b? noted that the second column can also be an
10 immunbadsorbent containing an;ibodies to factor VIII:C. The
factor VIII:C should be kept free of -thrombin and other
proteases. The factor VIII:C is conveniently stored inm a
15 saline, buffered solution containing, e.g., 0.3M calcium
chloride, at a pH of about 6.8 to about 7.4.
The human factor VIII:C is then digested with
A-thrombin under conditions effective to form the polypeptide
20 complex described below. The purified g{-thrombin can be
prepared by the procedure described by Fenton, J.W. II; Fasco,
M.J.; Stackrow, A.B.; Aromson, D.L.; Young, A.M.; and
25 Finlﬁyson. J.S. '"Human Thrombin. Production, Evaluation, and
Properties of of-Thrombin". J. Biol. Chem. 252: 3587-3598
1 91N, |
The (-thrombin and the factor VIII:C are combined in
30 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 V111:C, but not so high that the
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-4- 1 The
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gsent ‘invention relates to a factor VII1:C coagul ant containing one or

10

15

20

25

30

35

e -pol ypepti des characterized in that: (i) one o of
“pol.ypeptides exhi bit o b‘iﬂérg.g 4 5

factor VIII:C deérades to inactive polypeptides before the
desired active polypeptide complex can be recovered. As an
illustrécion, a preparation contéining 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; toofhigh a temperature can
denature the polypeptides, and too. low a temperature can retard
the progress of the digestion. |

The digestion is allowedi;o proceed for a time long
enough to ﬁermit the formation of the desired polypeptide

complex. The optimum time w111 $e from 0.1 to about 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 minim#l experimentation using aliéuots of the
Eactor VIII:C starting material being treatedf An optimum time
is that which forms the maximal'émoun: of tbe polypeﬁtide
complex exhibiting an Mr of ;bou§-92,000, accompanied by the
formation of a protein complex eihibiting an Ht doublet of
about 79,000 and about 80,000, without degrading the Mt‘

§2 000 polypeﬁtide significantlyw The M_ 79,000-80,000
doublet may- posszbly function af;et it has undergone
degradatlon to.a complex exh1bitifg a doublet at M_ values of
71.000 72,QOD._ The 71,000-72, OOOIdoublet alone does not

_exhibit factor VIII:C accivxcy._b
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and at a point corresponding to an Merr] of about 92, 000; or bands
0i nf's corresponding to Merr] values of about 92,000, about 80, 000,
bout 79,000; of about 92,000, about 72,000, and about ()74 28® lp§ of
t-:92, 000, about 80, 000, about 79, 000, about 72,000, and about 10

00; -when subj ected to sodi um dodeeyl sulfate-- pol yacryl am de ge
trophoresis; ~ (i1) the coagul ent exhibits specific coaqu-
activity higher than 1800 Units/ ng; (rii) the coagul ant

bits th t t t | t
10 mbutes: ang T SRdbER e (E G BERTLIUTE BRELRE & oL °°°

:or VI | lceGecandnm idyt ubk ngh ﬂﬁf@@lﬁ@-@ét%&ounc of (p-amidiGbpeényagpects of
i nvention include biological 20 preparatlons cont ai ni ng the coagul ant,

the treat methavgsulfonid  Eluntideg (Hesoaflemrs &p-ABMHHoki andther

nisterin ant or_preparations thereqf et anoth aspect
Che p$gst%’ﬁfm“?mew?ﬁggﬁtebnpr’ihgegpn%né%@rfﬁsneaaam ghehrgbin Tgom

ent rated RLgBRIAl IchBE" Filh oL FLOES! VI BRLAGLOr 1 AR 112 C v th

] -thronbin, continurng 't estion whil doagul ant
i bed abouesesfpﬁegmaﬂhngathbshe¢@ueéiﬁg;tlnhe amﬁﬁﬁ:ﬂdfapLAPMSHltbth@K

ct of the invention is a process
should compr1se about 1.5 to about 2 S millimoles per unit of
10 dA-thrombin accrvi:y initially present in the reaction mixture.
p-APﬂSF can be obtained through California Medicinal
Chemistry Comgaéy. San Francisco, California, and its
15 preparation isidgscribgd in Laura,_R;; Robinson, D.J.; and
Bing, D.H. "(p-Amidinophenyl)methanesulfonyl Fluoride, an
Irreversible Inﬁibitor of Serine Proteases', Biochemistry
(1980) 19, 4859-4864, at 4861.
20 The réaction mixture can then be treated to
concentrate the polypeptide complex comprising the present
" invention. Pfeferably} the polypeptide complex is concentrated
with respect tﬁ;othet factor VIII and non-factor VIII
2 Eroteinaceous;mgterial. to provide the complex in a form which
affords the vef;fhigh activity possessed by the complex in the
purified form.ffﬁurificacion techniques include, for example,
30 ultrafiltratiéﬁ;_ultracentrifugacioh; ion exchange, gel
éerﬁeation ch:o@atography.'pteparaci&e electrophoresis,
isoelectric fQ#@Sing, and gel and afiinity chromatography.

' ’ The dééired complex can also be concentrated and/or

35 recovered by passing the reaction_@f*ture, which can already
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r recoverlng VI11:C polypeptides, wthout |osing coagul ant activity,
om af’ i nmunoadsor bent cont ai ni ng nonocl onal 30 anti bodi es to factor

I1.:C I n addi ti on, thelnventlonlncludesam)r@ $ %5
tlbody of class 1gG produced by a hybridoma formed by fusion o I
om a nouse nyel oma and spleen cells frafgp- a nouse previously inmunized
th-human factor VIII1:C,  which 35 anti body reacts with human factor

I1:C and exhi bits one - 5-

1 have been concentrated by another te;hnique. through an
imnunoadsorbent column containing anti-human VIII:C antibodies,
or equivalent antibodies against VIII:C other than human, that

> rééct with the polypeptide(s) of the complex. The antibodies

are artached to agartose (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'fe.g..'CaCIZ) which can optionally also contain

: 15'a non-ionicfsurfacﬁant. Suitable non-ionic surfactants include

: alky} phenyl polyoxyerhylenes such as Triton-x-}oo, -N-101, ot
-X-405 (Eastman Chemical Co.); Tween-20, -60 or -80 (Sigma
Chemical Co.); and Nonidet P-40 (Sigma Chemical Co.); all of

20 these are well-known articles of commerce having known chemical
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- about 0.5 M or even up to
; 1 0 Mis satisfac:ory. and 0.25 M is preferred. A surfactant
30 concentracion of up to about 1 wc % is satisfactory, and about
0.1 wt. % is preferred. The eluant is applied to the

1mmunoadsorben: column at about 1 to .about 8 bed volumes per

hour, and preferably about 3 to qpopt 4 per hour. Too high a
35 : ) T
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n ffactor VIII:
M err]=92.000; Merr]=180.000 and grieater;
react mnth t hose pol ypepti des so derived of N[err]

= 54 0

bf t he followi ng reaction profiles with pol ypeptides derived
' reacts with those pol ypepti des so

C. (A

80, 000;
.10 Merr]

nor ~11-

%3@5 B

the polypept1de complex.

=92.000; Merr]

react with those pol ypeptides so derived of
000; ,72, 000; 79,.000;
sdgésEﬁP§d€P|95dtQﬁ column and non-absorptxon of

from

PRty T e
reacts with those
=108, 000 and greater;

(B)

nor 80, 000; (O

The skilled practitioner will readily

adapt these guidelines to immunoadsorbent processes othetr than

fixed-bed columns.

The VIII:C polypeptide complex is recovered in a

suitable buffer, at a pH of about 6.8 to 7.4, which also

contains calcium ion 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 buffer used in

Example 1 which contains a lower
complex of this invention can be
lyophilized. The complex can be
hemophilic clotting disorders by
to be physiologically compatible

solution thereof.

amount of calecium ion. The

stored in this solution, or

administered to patients with
adjusting the calcium content

and injecting a sterile saline

When analyzed by SDS-PAGE as shown below, the coagulant

of this invention 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 can have undergone

degradation to exhibit an M_ doublet'of about 71,000 and

about 72.000,

In its purified form.;this band or the group of

these bands are essentially the onlyibands that appear.

However, it will be appreciated that che present invent1on also

encompasses biological preparations in which less than 100%,
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Merr] = 79,000 and 80,000; and Merr] = 108,000 and greater; and
not react with those pol ypeptides so derived of Merr] =44, 000;

do, .71, 000; 72,000; nor 92, 000; 20 (D) reacts mnth those
peptides so derived of - Merr] =108,000 and higher; and (@ %5
ct W|th t hose " pol ypeptides so derived of Merr] |less than 108 00
rein the Merr] values are deternined by-Eubjecting 25 the pol ypepti des
sodi um dodecyl sul f at e- pol yacryl am de gel el ectrophoresi s.
i ndi cated, the present i.nvention enconpasses pol ypepti de coagul ants
ch: exh|b|t f oL, Vidd I a It ndfactor Vi |

r,J'J‘ht:' k. /9, Cg %. éo%’b 80%ow‘;‘%: \zér ag?grl St T ’Nf #’Ttt]\?al ue(s)

nol ogi cal  behavi 39

n anal yzed by §8d$ﬁ%ﬂ éc?F %ﬁﬂ°¢aFE@[ﬁﬁ°§3&?%ﬂ%&#§d@?%ﬁ§F present
ctrophoresis (lcomprisesr the coagSbs tPACErhe Byrespot yipephtitn.compliex”
einafter is negabvestion tﬁ@ﬁ@lﬁbaﬁﬁaé‘s@%pbf@dﬂt@&’i@wﬁabh% tBE FQoQr nore
ypeptides 5 kAQWE LReDO:sRNUSI 83 |06 FhetiAGhncb W RheOAgRRarAt ! ons

tai n-
Thg protein complex of the present invention possesses

specific VITI:C coagulant activity (that is, activity per
milligram 6} all protein present) higher_than that exhibited by
10 purified hgﬁan factor VIII:C, for instance human factor VIII:C
purified b};the proces# disclosed and claimed in the
aforementiéped_u:s. Patent No. 4.361.509. Indeed, the activity
15 of the pu;ffied complex should be several time;. e.g., 3to5
. times, tha:_of purified human factor VIII:C, and is
advan:ageohély at least 10 times or even 50 times as active.
Likewise, biolog1ca1 preparations comprising the complex of
20 this xnventxon in association with one or more other proteins
can be ptepaxed.whxch exhibit higher specific activity than
that afforééd in previously known coagulant preparations. The
épecific aé@ivity of the complex, and of biological
25 pfeparaciqﬁ;:contaiuing it, is higher than 1800 Units/mg,
advantagedﬁély higher than 5400 Units/mg, and in more .
advantageééé embodiments exceeds 7 500 and even IO 000.
Units/mg. - Prefetably. the spec1£ic activity of the inventive

30

preparations exceeds that of the purlfied human factor VIII c

used hereipfpy a factor of 3 toéS; and more advantageously by

gf'leastfibi:imes, by 50, or ev;nfby 100 times.
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g only one discernible polypeptide, i.e., that which exhibits
! I a band at an Merr] of 92, 000. The description bel ow
H:ng the preparation of the clained coagulant utilizes h n2f?§19t[q)15
C whi ch has been highly purified, in order to free the
:‘|f|cat|on and 5. characterization ofl3he novel

The protein complex of the present iﬁventién; and
biological preparations thereof, are characterized in that the |
enhanced activity described above remains present over a
continuous period of at least about iO minutes and preferably
at least about 30 minutes. Of course, activity will generally
be stable for much longer. The compiex also possesses the
immunological characteristics of a factor VIII:C protein, i.e;,
it binds to an,anéibody for human factor VfII:C. This can be
ascertained, fo:;instance, byngtowing a monoclonal aécibody to
factor VIII:C a# described below, attaching the antibody to an
agarose column,.passing an aqueous solution of the complex
through thé column, and assaying the resultant solution for
factor VIII:C activity.

A further desirable attribute of this invention is
that the polypgp:ides of M_=92,000 and M_=79,000-80,000 are
stable, relative to native human factor VIII:C which is
notoriously suécéptible to proteolysis, degradation, and
resultant loss_bf coagulant activity. This stability i;
demonstrated by:thé_polypeptides' ability to survive the

treatment steps described herein.

30 EXAMPLE ‘1 ST S AV PR
This Example shows how factér VII1:C was purified from
commercial concentrate and digested with purified &f-thrombin.
35
’l _ ?; L . , e "
) \ ~ 'i ’z_-! RS
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aneous pol ypeptides. It should be recognized, though, that t he
ntion itself is not dependent-on how the starting 10 material has
LoUst been treated, except where specifically i ndi cated. The actlve
rs’viltl:cC polypeptldes of the present invention can be preﬁb1éb3dbﬂ
by di gestion with thronbin as described in greater detail below or
other 15 simlarly acting. proteases -su4eh as Factor Xa, Factor |Xa, or
ell's viper venomV, but also by reconbi nant. DNA t echni ques in
h the pol ypeptides of interest are produced by bacteri a, yeast, or
r cells intq which ope %r nmore genes for grodu0|n

th '
pepti des of % nba&0oesrlopal @ptdpe "&/facm’f e‘{:Ii‘Hl ugas g ’["f'ﬂ)é’éeﬁf“

nary skill int s f I [ C
rest can be exb£ Wc%lg; VF{%QSF?)JG{P% %g§corrp es%v?ggf Qnglxﬁcqu gnm[}'L one or
other 25 P@LYIRMRPELE diigestion, portiondyf WhASHBgeSt WrAGiRture were

entrate contai ni ng hun'an :
assayed for VIII:C (coagulant) activity, and for protein bands

using SDS- PAGE

Pur:fzcatxon of VIII: C. All steps were at toom

temperatu;§a Chemicals were reagent grade. 40 bottles of
10 commerci#liﬁac:or VIII concentrate (prévided by Armour
Pharméceu;iéal) were reconstituted in 1000 ml of VIII:C buffer
(0.02 M iﬁi@azolglo.lsn sodium chloride/0.1 M L-lysine
15 HCl/0.0Zitéédium 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 lxter bed volume immunoadsorbent column. The column
" was cyanogen bromide-activated ‘agarose (Sepharose 4B,
20 Pharmac1a, P1scataway. New Jersey), to which monoclonal
ancibodiéﬁj:o_VIII:R had been covalently bonded. The
antibodies were raised and attached to the column as described
in the af§¥em§ntibned-v;s. Patent No. 4,361.5091 The
% ancibodiéé §ere precipitated from ascites fluid using 50%
ammonium . sulfa:e, repreclpztated two more times, and ‘then
attached - to the column at a dens1:y of 2-4 mg/ml of Sepharose.
30 The immunoadsorbent was pre-elu:ed with 3M sodium thiocyanate,
washed with VIII:C buffer (O. 02M imidazole HC1l pH 7.0, O. 15 M
NaCl 0.1 M L-lysine-KC1, O. 021 sodium azide), treated twice

thh 2mM:di-isopropyl fluorophospbate, and then the concentrate

35 was added.
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ctor VII1:C can be enpl oyed to advantage. The novel 30 coagul ant can be
epareél from human factor VI11:C which has been uItrapurkjigg | N
ofdance with the process described in U S. Patent No. 3%9445
sued November 30. 1982, the disclosure of which is hereby incorporated
ein - : =15~ -7- | by reference.
that process, a source of factor VIII:C such

1 The column was washed with 20 liters of VIII:C buffer
containing 0.15 M sodium chlqride, and VIII:C was then eluted
from the VIII:R with VIII:C buffer containing'0.35 M calcium

5 chloride. Active fractions were pooled and concentrated under
nitrogen ptessure 100-fold in an Amxcon stircred cell with a
YM10 membrane. The concentrate was then diluted 1:10 inm VIII:C
buffer and appl%ed to a 4 ml columnﬁgframanohgxyl-Sepharose

10 (Pharmacia) equilibrated in VIII:C_h;fEef_containing 0.025 M
calcium chloride, VIILI:C was eluted in high concentration with
VII1:C buffer containing 0.3 M calcium chloride at a flow rate
of 10 ml/br. Iﬁe-concentrated immunoadsotbent pool was

ad justed to 0,25 M caleium chloride and adsorbed twice for .1 h
each time with.i}lb 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.

Ptoduction of monoclonal_anpibody against VIII:C.

Monoclonal anciﬁodies were produced as described in U.S. Patent
No. 4,361,509 using purified VIII:C as immunogen. The

25 antibodies were se1ected with a solid-phase assay in

a8 ' Linbro-Titertek (Flow Laboratories, fngle;ood, CA) plates and

| an enzyme-linked immuncadsorbent (ELISA) detection system

30 deséribed in Eu§§311 E. and Perlmanﬁ;lp. "Enzyme-linke§
1mmunoadsorbent assay (ELISA), Quantztatxve assay of

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

iboratories, Burlingame,

perox1dase-ant1body conjugate (Zyme
35
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pl asma or a plasma concentrate is passed through an I mmunoadsor bent

um # o whi ch nonocl onal antibodies to factor .5 VII1:R have been

ached. The factor VIII: R VIII:C conplex is adsorbed on t

then the factor VII1:Cis eluted ~and passed through a se QeLgP%g?gé%

~as am nohexyl -agarose. It shoul d Rg- noted that the second col um

al so be an 10 I mmunoadsor bent containing anti bodies to factor

|:C. The factor VI11:C should be kept free of [err]-thronbin and

er proteases. The factor VIII:Cis conveniently stored in a 15

ine, buffered sa)utiTha slateai reng, coeltgd Wi)ﬂBNllO@aplethUfléhP@)rﬂdé Cagera

of about 6.8 to about 7.4. man factor VIL Cis then .

ested with wpex-r]rhm%f\npaﬁberv CEHU T PUPBF PRRATS @1 50¢ HlpPehe

ypeptide 20 co X d ri_bed_bgl.qw. Is i.n.can
gPetc% PSETisRed, bal s e udPea 1y 1hhesid Jeed ﬂlf%ggggg

prepared B € procedure described by Fenton,
5 activity.

Thrombin activation time course analysis of purified

y111:Cc. Purified human of-thrombin(sp. act. 2534 U/mg, final
concentration 0.5 U/ml), was added to the purified VIII:C

10 (final concentration 167/ug/m1) 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 vatrious time intervals sanmples of the VII1: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 was diluted 1:10 from a stock solution (100 mM in methanol)
into imidazole seline buffer 60 seconds before reaction with
the VIII:C-thrombin samples. The final p-APMSF concentration

25 wes 1 mM. The control aliquot was treaced.similarly with

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

minute time course, all VIII:C samples.were assayed for VIII:C

activity using an activated partial :hroﬁboplastin time assay

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

SDS-BAGE-"Procedure A":
Dis:dnﬁinuous SDS polyacrylamide slab gel

.electrophoresis was performed based on che procedure of
35 )
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J.: Stackrow, A B.; Aronson, D.L.: Young, A.M; and 25 Finlayson,.J.S
uman* Thr onbi n. Producti on, Eval uation, and Properties of
rr]-Thronmbin". J. Biol. Chem 252: 3587-3598 (1977)

e [err]-thronbin and the factor VIII:C are conbined in gta%%@u%ﬁ:s
stem preferably-buffered at a pH ofzabout 6.8 to about 7.4. The
rOnbin shoul d be present in an anpunt relative to the factor VI11:C

is sufficient to permt reaction with the factor VIII1:C but not
hlgh thft t he
Laemmli, U.K., Nature 227, 680-685, 1970. The '"Procedure A"

followed is:

I. Samﬁle;Preparation

5 'l. Dialyze the protein sample (ideally 50-100
: microliters containing 3~ 60 micrograms of
protein) against sample ‘buffer overnight at room
- ©  temperature. If the sample contains calcium ion,
include 10 millimolar ‘ethylenediamine tetracec1c
ac1d (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 bozltng 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
cgncentration and stock btomophenol blue dye
solution to 0.05% final concentration.

20

11. .Prepataion of f gel solutions (use deionized, distilled
water)

1. Stockgglvcerol solution: 50% glycerol

2. 0.5%

Stock bromoohenol blue dye solution:
25 romOpheno ue .

3. Lowefyﬁél stock solution:

18 2 grams of Tris base
4 ml of 10% SbS
final volume 100 ml.
- Adjust pH to 8.8 with coacentrated hydrochloric
30 : acxd.:aF1lter.

4. Uppeg;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 concenttated hydrochloric
acid, - Filter. ST
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: .1 factor VIII1:C degrades to inactive pol ypeptides before the
iSired active pol ypepti de conpl ex can be recovered. As an

S ustration, a preparation containing 200-400 units (0.2 5 ng@nibbgf
fctor VII1:C per m should be digested with about 0.1 to abgul 9945
its/-m of [err]-thronbin. The digestion can proceed at room )
nperature; too high a tenperature can l8gnature the’ pol ypepti des. and

| ow a tenperature can retard 10 t he progress of the digestion.

e digestion is allowed to proceed for a tinme |ong enough to permt

e formation ofithe desii.ed Sahpleepuifler

0.01M sodium phosphate
1.0% SDS
10 millimolar disodium EDTA
Final volume 1 liter
5 - 'pH adjusted to 7.0 with sodium hydroxide or
‘phosphoric 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

10 to 100 ml fipal 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
15 final volume 1 liter

8. Electrode buffer

100 ml of stock electrode buffer solution
. 890 ml water
. 10 ml of 10% SDS
20 | 9. Stock Coomassie blue dye solution

1% Coomassie blue R 250 in water
-Dissolve with stirring for at least 30 minutes at
-room temperature and filter.

10. Anmonium persulfate solution

25
10% ammonium persulfate.
Stored in dark at 49C and made fresh every week.
I11. Final acrylamide
30 1. Lower gel solutxon
'_20 ml of 1ower zel
 Stock- lover: gel solution _ 5 ml
Stock: acrylamzde solution 5 ml
-~ Water s 10 ml
N, N, N’ N'-tetramethylethylened1am1ne .005 =l
35 (TEMED)

101 ammonium persulface 0.1 ol
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conpl ex. The optimumtine will be fromO0.1 to about 60 mnutes. with

s ffomO0.1 to 30 mnutes preferred. Tines froml to 10 m nutes
e-:been found highly satisfactory, al though it will be rngg@{gEMQgpat
imamtinmes can be 20 identified with mnimal experimentation using
quots of the - factor VII1:C startli%tg material being treated. An _

I mumtinme Is that which forns the nmaxi mal anobunt of the pol ypeptide
conpl ex exhibiting an Merr] of about 92,000, acconpanied by the

mati on of ja proteipn cofg L£xhibiti.ng an Merr] doublet of about
000 and about 80, 000, - %X £l otueid the Merr] 92, 000

ypeptide significantlyio Hheo¥ dr £21000- 80,000 30 doubl et may possibly
ction after. it has undergone - adation to a conplex exhibiting a
blet at M values of Stock7app@O-gkl, 8Quc Iide 71, 000- 72, 000 dpub| et al one

s not 5 exhi bit facaf(ﬂ"-"-kVFFtykaueidtei solytion 1.0 ml
a.;g;' ' 6.5 ml
N,N,N',N'-tetramethylethylenediami .
N NS ¥ ine 0.01 ml
10Z ammonium persulfate _ 0.03 ml1
3. Efoégdure: -
10 a. Prepare the slab gel abparatus for a 14.5 em «x

9.0 -cm x 0.8 nm slab gel. The a aratus i
standard gel electrophoresis appggatus, e
available, for instance, from Hoeffer Scientifie
Instruments, San Francisco, California.

b. Mi;ggll lower gel ingredients except the TEMED

15 aqd;gmmonium-pe:sulfategin a 50 ml vacuum flask

andﬁgg-aerate: Then' add ‘the TEMED and ammonium
Pe;su}fate, 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.

20 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).

25 d. . Pour the upper gel and insert the comb into the
upper gel allowing at least 1.0 cm between the
bottom of the comb teeth and the upper gel-lower
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’eéelectrode buffer over
30 the top of the upper gel.‘and gently remove the
comb. 'Rinse the upper geli wells with electrode

buffer several times. o

f. Assemble the apparatus fd;'running and add
electrode buffer. Apply :the sample(s) by
layering it into the uppét;gel wells underneath

35 the buffer layer.

AR
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- . The digestion is then discontinued by adding to the
Yaction mixture an effective anount of (p-am di nopbenyl)

t hanesul fonyl fluoride (hereafter. "p-APMSF")or another 5 t@q%?gqﬁe
nhhi:bi tor. The p- APMSF prevents the [err]-thrombin from reacti r r

th the factor VIIl:C proteins, withoof0-

1 g. Run the gel using constant current:

8 milliamperes while 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.

IV. Fixing and Staining the gel

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

10 l;i Fix the gel at leasfigyernight in a sealed
. chamber in a solution containing 25% isopropanol,
10% acetic acid, 10 ml of 1% Coomassie blue stock

solution, final volume 409 ml.

2. . Next, soak the §e1_at least 1 hour in 10%
~ isopropanol, 10% acetic acid and 1.0 ml of 1%
15 r Cgomass1e 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 Mys were calculated for reduced samples by
semilogarithmic plots of M, versus migration distance, using
reduced fibronectin (M, 206.000). phosphorylase b (M :
95,000), bovine serum albumin (Mg 68,000), and IgG heavy
chain (My 50,000),. and ovalbumin (My 43,000) as standards.

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

densi:ometetg

RgSQICS. The specific activity of the purified factor
30 VII1:C was QQOO units/mg. Thiomhiyuactivation of purified
VIII:C acti?ity was analyzed ovet&éfGO minute time course.

Before thro§§in exposure the un:ﬁﬁé##d VIII:C sample showed the

characterisiic array of VIII:C fo E;nanging from a doublet at

35
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el f degrading those proteins. The amobunt of p-APMSF to add shoul d
rise about 1.5 to about 2.5 mllinoles per unit of [err]-thronbin

ivity initially present in the reaction mxture.- : :
be obtai ned through California Medicinal Chem stry Ooppll%)yg%%
ncisco. California, and its 15 prepaddation is described.in Laura, R ;

I nson, D.J.; and Bing. D.H "(p-Am di nophenyl)nethanesul f onyl
oride, an - Irreversible Inhibitor of Serine Proteases". Biochenistry
980) 19, 4859-4864, at 4861. 20 The reaction m xture can then

treated t& M. = 7-Weﬁ9r&6% tohe bahd pepti de LEByHIOSX. cArtdndsiabgvd he
oo aved ML S o0 Sl D SRy Py dogeamplex 1o
Fords i he very ReRaerrorty el UERL T ket Bl yiuseae. e
rified for® bRuds focaieleant <xshnioquesd iMal18de00d Afide%2aP! & che 30
trafiltration, uItracentri?ugation, i of exchange, gel per neati on
r omat ogr aphy 2npi P Ci 98t Hrasdétr ophor esi s,
: During the first 5 minutes of the thrombin activagion time

10 coﬁr;e, all but one of the monoclonal anti-VIII:C antibody'
reactive bands with an Mt greater than 92,000 gradually
disappeared and were undetectable when VIII:C activity reached
its peak at 5 minutes.
15. A band at Mt_- 122,600 appeared thrombin-resistant in only

some experiments, but after extenéive thrombin treatment

neither this band nor any other band was reactive with the

immobilized monbclonal anti-VIII:C-antiﬁqdy;
20 _ A band at Mt = 92,000 increased in intensity as
;fll:c activity increased. A doublet at Mr = 79,000_and
80,000 appeared to be converted to a doublet at M =
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 S.to 60 min.
The M, = 44;000 band also appeared as a doublet in some
30 experiments. The M_ = 71,000-72,000 doublet, the M_ =
| 54,000 band and the Mt = 44,000 band were not removed to a

significant degree by the immobilized monoclonal anti-VIII:C

antibody.
35
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el ectric focusing, and gel and affinity chromatography.

destired conplex can al so be concentrated and/ or 35 recovered by
whi ch can al ready

throughoa;‘23945

sing the reaction m xture,
1 have been concentrated by anot her technique,
noadsorbent col um containing anti-hugan Vllh C aﬂtlpodLes

Scanning and integration of the gel discussed above

allowed correlation of changes in polypeptide concentration
The results are shown in the

with cﬁanges in VIII:C activity.
5 Table. As show&. the Mr 92,000 band increased and then
decreased in concentration in par;llel with VIII:C activity
92,000 'band is an active form of

This suggests that the M

VI1I:C whose concentration increased with thrombin activation

10 The Mt = 54,000 and Mr = 44,000 bands increased steadily in
concentration between 1 and 40 min., even after activity of the

mixture declined.
Most of the Mr = 79,000-80,000 doublet was lost
during the first 0.1 to.10 min. as VIII C activity peaked

15
71,000-72,000 doublet appeared during

while most of the M
this time and predominated even as VIII:C activity decreased.
= 71,000-72,000 doublet was

20 These data suggest that the M
79,000-80,000 doublet and that the M
These data are

derived from the Mr
= 71,000-72,000 doublet is inactive by itself.
= 71,000-72,000

! '
/[ consistant with the retention by the M
/ doublet of the ability to complex with the M_ = 92,000

251 .
polypeptide; this complex would also have activity.
= 92 000 polypept1de is

i
/
4 Direct evidence that the M

{
30 complexed w;th the M = 79 000- 80 000 double: derives from

experiments utilizing the antl-VIII C monoclonal
It was first ;@pwn that the monoclonal
= 79,000-80,000

This was

. ———
. dems

immunoadsorbent.
antibody reacts predominantly with the M
= 92,000 polypeptide.

—~—,
-

35 coublet and not thh the M
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r equival ent antibodi es against VIII:C other than human, that react.
tth the pol ypeptide(s) of the conplex. The antibodies are attached to
garose (see Exanple | below). Several anti bodi es which can be_used to
oncentrate the conplex and/or 10 isolate certain of the pol k@2 3845
herieof. are descri bed bel ow. The active VIII:C conplex adsorbs -
referentially to the col unmm, and 7&~then eluted fromthe colum with a
ol ution of calciumions (e.g., CaCl[err]) which can optionally al so
ntain 15 a non-ionic surfactant. Suitable non-ioni'c surfactants include

kyl phenyt Bﬁbyﬁ)wfemﬂ:@%d&‘é@?ca&aﬂs‘fteQnei(pJﬂtoﬁwen't'é" 10fhePlit was - X405
ast man Chem cal Co.); Tween- 20, -80 (Signma Chem cal Co.); and

ni det P-40 (SSDgnBFPGtelﬂheai!or@ml)anahl énnif-m@()ndm:hﬂ&bahe veridveldnboth anhei cl es
comer ce havi ng known chemni The amounts

cal ci um i offafid’ %«ProPaQQaQRO @GUBEEC "’25’ §h6u¥gi"%7e- 090grobrrapglideo desorb
e POl YPEPS! dgof oM R1ubthn. w80, 52 oB"pb {iegiGe LAY vhnERLNR" €8
' “from the anti-VIII:C immunoadsorbent coluon with 10 mM EDTA.
whereas the'Mr=79.000~80,000 doublet reméined bound. The
10 doublet could be subsequenﬁly.eluted-wich 3M sodium
thiocyanate. These experiments demonstrated that the
Mr=92’000 polypeptide bound to the iﬁmunoadsorbent because it
was complexed with the Mt=79.000—80,000 doublet and that it

' 15 was this doublet which bound directly to the immunoadsorbent.

. i

25

30

35
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<1

1 flom1rate ri sks di sruption of the columm and non-absorption of t he
polypeptlde conpl ex. The skilled practitioner will readily adapt these
gt del i nes to i nmunoadsorbent processes other than 5 flxed-bed col ums.
%he VI11:C pol ypeptide conplex is recovered in a sui tabl e (Ufjf2r3 944 Ga
Hlof about 6.8 to 7.4. which also itains calciumion and surfactant
f&pnlthe el uant solution. 10 The caIC|un1and surfactant concentrations
c#gn be | owered, and the surfactant preferably renoved, such as by
d@@lyzing the . solution against a buffer such as the VII1:C buffer used
it 15 Exanpl @ 1 which contains a | ower E#@BE B cal ciumion. The
cdhplex of this invention can be stored in this solution, or
L}gphlllzed The conpl ex can be administered to patients with

This Example describes the results of treating
5 purified human Factor VIII:C with purified human activated
protein C (he:eéfter, "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,;gtion of human activated protein C, a
thrombinfdepeddent anticoagulant en;yme." Blood, Vol. 59,'1067
(1982), except that a mono S columd'of a Pharmacia FPLC system
15 was used to separate APC fromhthrombin.

Assazs: Samples were assayed for VIII:C activity as

described above using an activated partial thromboplastin C1me
assay with hemoph111a A plasma substrate.

20 Pregara:ion of samoles for electroghoresis: Since

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

various times bj addition of 1/10 volume of 100 mM EDTA

containing 10 ﬁM_DAPA to the VIII:C + APC aliquots as well as

2 .
> to the control VIII:C and APC aliquots. A 1/10 volume of 10%

N

sodium dodecyl sulfate was then added to these aliquots. They
;gre then heated in a boiling waterbath for 5 minutes and
subsequently diélyied for SDS- PAGE'ES described above.

30
stcontinuous sodlum dodecyl sulfate 7.5%

polyacrylamide gel electrophoresis (PAGE) of reduced VIII:C,.

staining with Coomassie blue R250 and scannxng and 1ntegratxon

35 of the gel were as described above..
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philLic clotting disorders by adjusting the calciumcontent 20 to be

iologically conpati ble and injecting a sterile saline sol ution

eof . When anal yzed by SDS-PAGE as shown bel ow, gggz 45
ul ant of this invention exhibits an Merr] of -about 92, a7>n%
125 -0 normally contain material exhibiljgg an Merr] doublet of about
000 and about 80, 000, sonme of which can have under gone degradati.on

exhibit an Merr] doublet of about 71.000 and 30 about 72,000. In its
ified form t%s band org at hle 9roup o;. ) \ﬁtssgﬁgbggggéar% S’f}slt?nt‘él all l?
only bands- t Rat appear & i 2i hatl® Ne
sent invention gisge virr.EneormaSesae bl Hoocs u RLARILA LMY bR WY o

0

dialyzed overn1ght against buffer (50 mM Tris-chloride, 0.15 M
5 sodium ch%bride, 5 mM calcium chloride, 0.02% sodium azide, pH
7.4). To the dialyzed VIII:C sample was added 1.095 ml of
buffer, 9Qyu1 of rabbit brain cephalin (Sigma Chemical Co., St.
! ' Louis, MD._reconst1tu:ed. stored and thawed accordlng to
10 manufacturer s 1nstructions) and IS)ul of 1 mM dansylarginine
N-(3- E:hyl -1l,5-pentanediyl) amide (DAPA), to zive a final DAPA
concentrat1on of IO‘FM. The DAPA was included to inhibit any
15 trace amounts of thrombin present in the APC since IO/MM DAPA
does not slgn1£1cant1y inhibit APC. The final volume of the
sample was 1.5 ml and the final VIII:G concentration was 226
pe/ul. 1-‘.9-_.:'_1: hundred microliters of the 1.5 ml VIII:C sample
20 were withdrawn and set aside as a control (designated VIII:C).
Td the remﬁining 1.1 ml was.added 20/p1 (10 ug) of APC giving a
final APC concentration of Q/pg/ml (designated VIII:C + APC).
A second control sample was prepared containing all components
% at similar concentrations except that VIII:C was omitted
(designated APC).
T Timépoints: VIII:C alone; the mixture of VI}I:C‘and

30 APC, and A}ﬁﬁalpne-were placed in a 37°C waterbath and at

given :im¢p6fﬁts aliquots were withdrawn for SDS-PAGE and/or

VIII:C acﬁ}bfiy assay. 1t was al@p determined in control that
APC remaiﬁéd%active-in the hyﬁroljsis of the synthetic

35 substrate S-2238 after prolonged incubation at 37°cC.
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12- , 1i.e., 95% 90% or even 80% 70%or 60% or even as little

s 30% 20% 10% or 1% of the proteinaceous matter present conprises the

oagul ant of the present invention. This i nvention thus enepﬂgp SeE)
yy eparations in which the factor 5 VIIJ:C activity is due toth éres’e ce

f the ‘coagulant. The prot'ezi-'r’\ conpl ex of the present invention
0SSesses specific VIII:C coagul ant activity (that is, activity per
illigramof all protein present) higher than that exhibited by 10 purified

uman factgr VII11:C ﬁéyb1k9§taﬁ%é%qugﬁnofi%ﬂiQ@ié%'éff&:C with APC was
| associated with loss of approximately 85% of the control VIII:C
activity. APC inactivation of VIII:C activity resulted in cﬁe
5 diminution of all VIII:C polypeptides of Mr between 92,000
and 188,000 and generation of a polypeﬁcide of Mr=45,000.

while leaving ch; doublet of Mr = 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 VI1I:C activity decreased over a 360 minute

e time course. Scanning and integracion:of the gel showed that

15 the polypeptide M, = 188,000 and the polypeptide of M, =
92,000 decreased in parallel with VIII:C activity.

One other polypeptide of intermediate Mr was cleaved
by APC but it was not easily quantitated by gel scanning. In

20 this experiment inike the digestion with APC, some VIII:C
polypeptides of-Mt = 92,000-188.000 were resistant to the APC
digestion. However, as in the digestion with APC, the doublet
polypeptide at Mr = 79-80,000 was not proteolyzed by APC.

25 A polypeptide of M: = 45,000 appea;ed to increase in
concentration as the polypeptides of M_ = 188,000 and 92,00Q'
aeﬁfeased suggesting that it is a proteolytic fragment derived

30 from them. No other digestion products were visualized with
Coomassie biue. |

As shoun in Example I, duting;thrombin activation of

VIII:C the M= 92,000 polypeptide inégeased and decreased in

35
This Sheet Has Been Replaced
LT o




rified by the process disclosed and clained in the aforenentioned U. S.
tent No. 4,361,509. Indeed, the acti vi ty of the purified conpl ex

ould be several tines, e.g., 3 to 5 15 times, that of purifl d,ogwgs
ctof VII1:C and is advant ageously at least 10 tinmes or even t
active. Li kewi se, biological preparaggons conprising the conplex of.

this invention in association with one or nore other proteins can be
epared which exhibit higher specific activity than that afforded in
eviously known coagul ant preparations. The specific activity of the

mpl ex, and.of Bbi dasgléal wizh ﬁﬂébeﬁf acitdndtyontlai Arder it desetmipfecrhéttan a
00 Units/rrg advant Qus her h?/%‘ 5400 Uni % apd .in nore
vant ageous enbodi HEAES %3%2%855 1%(%“51’185 Feed, Bﬁﬁte m@iﬁl?

eferably, the spegibbepdrdd Wet i OF dNQUONUARUNEL Loss &F YR peds
at of the purlflgﬁJ lprrgm factortvi|i use\c‘f herein byqa F V%

5, and nore afBvaheadrmusify this tlﬂEat:Ohea%tm?GttV?r'{'eson BV“SEEfQ)rfeel?bWW
0 tines.
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
10 .
"7 M = 92,000.
T g ]

A further aspect of the present invention comprises
monoclonal antibodies which are :specific in an unforeseeable
15 way to the vatioqs polypeptides which are formed by the

reaction of fac;or VIII:C with a protease such as
alpha-thtdmbin.' Each antibody reacts with human factor VIII:C
which has not been activated nor digested with thrombin or

20 equivalenﬁ proteases. The antibodies are further characterized

. by their individual prdpetties; as follows: |

é (A) One teacts with the M_=92,000 polypeptide

. 25 described.hetein. with pdlypeptides of Mr5108.000 and }arger.

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

tetminal-:ﬁrdmbén digests. It does not rteact with the.

polypeptide described herein whxch exhibits a doublet of M, =

30 79,000-80,000, nor with the polypeptxde described herein which
exhibits. a doublet of M, = 71, 000 72,000.

(B) One reacts with the M, =92,000 polypeptide
descr1bed here1n. w1th polypeptides of M =108,000 and larger,

This Sheet Has Been RTlaced
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The protein conplex of the present invention, and

eparations thereof, are characterized in that the enhanced
g:vity described above remmins present over a

0123945
-29-
1 and with the polypeptide of M_ = 54,000 which is present in

. terminal thrombin digests. It does not react with the

polypeptide described herein which.exhibits a doublet of M.

79,000-80,000, nor with the polypept:de descrzbed herein which
exhibits a doublet of M. = 71,000-72, 000.

(C) One reacts with the doublet of M_=79,000-80,000
and polypeptides of Mr=108’000 and greater, but not with the
polgpeptide of Mt¥92,000, nor with fhe polypeptides of L
71,000-72,000, M. =54,000, nor M =44,000.

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

Each of these antibodies can be used to concentrate
the complex described above, from mixtures which also contain
other .polypeptides. One such nixture is produced by partial
digestion of human factor VIII:C with o -thrombin or an
equivalent protease. Anothet.such mixture is that produced by
recombinant DNA techniques in which a desired polypeptide or
complex is expressed by a microorganism and must be recove;ed
from a mixture with other proteinﬁcgous compounds. Antibody
(a), (B), (C) ot (D), or a combina:ion'of two, three, or all of

them, can be attached to an immunéﬁdsbtbent column in the.

mannetr described in Example 1, anaré feed solution of the

mixture containing the polypeptidé(é)‘cgmprising the complex is
poured- through the column. Thosef ?Lypeptides baving Mr of

92,000, 79,000-80,000, and 71,000-72,000 which are present in

This Sheet H
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font i Quous period of at |east about 10 minutes and preferably at | east
but 30 m nutes. O course, activity will generally be stable for nuch

ger. The conpl ex al so possesses the i mrunol ogi cal characteri
tor VII1:C protein, i.e.. 10 it binds to an antibody for ﬁézig%g

) :C. This can be ascertained, for ins0ance, by grow ng a nonocl onal
| body to factor VI11:C as described below, attaching the antibody to
agar ose col unm, passing an aqueous sol ution of the conpl ex t hr ough

b col 1 d ' t
ity N 2R R AR EBH A Bokh B e diumn, (S Shighbed e
that the pol ypap iedg6e®fasdMt@ight %e%%a@@@o@ém&.fl‘&%r&ﬂm “SotcB00s Bk Pohé’{ e

hbl e, relative to native human factor VII1:C which is notorlous
scepti bl e to prdieenl yasised dhgragiattiten codndn. - Theesesthning edsted solution

Agul ant act|V|$y This stability is 25 denmonstrated by the
ypept i des’ HSC); FBegx”c\pinggnh;@:ed in the desired activated VIII:C complex

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

10
VII1:C with thrombin or other proteases. because of their

ability to react with products of that reac:1on. An antibody

having profile (B) and an antibody having profile (C) have been
15 found which neutralize VIII:C coagulant activity when either is

bound to factor VIII:C. This addiEionai property can be of_

value in the diagnosis of hemophilia-related disorders.

The diséove{y of these antibodies also permits further

20 characterization of the componénts of the polypeptide comﬁlef
described herein. Thus, the pblypeptide which exhibits a band
of M_=92,000 contains (at least) two epitopes (i.e. antibody
binding sites) that are not destroyed by thrombin digestion and
% are not present on the polypgptides which exﬁibic the doublet

of Mr-79.000-80,000 nor the doublet of Mr=71,000-72,009.

One of these'epitopes is also present on the polypepc;de of
30 M =44,000, and the other on thé po1ypepcide of M. =54,000.

Thus, the M =54, 000 and M =44, 000 polypeptides der1ve from

the M_=92,000 polypeptzde. AlsS, the M =92,000 and
M =79,000-80,000 polypeptides A

‘e derived from a common

35
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) reat rrent st eps descri bed herein. 30 EXAVPLE

10

15

20

25

3C

35

Thi s Exanpl e shows how factor VIII: C was purified from

mre_rclzl.a'l concentrate and digested with purified [efr] ‘throﬁbl}@zgqb

-31-

precursor or precursors. The discovgry of ancibodies having
profile (B) and~profile (C) each of thch neutralizes factor
VIII:C coagulant activity is fujther:support that the
ﬁ;=92.000 and ﬁ;=79,000-80,000 polypeptides are important

to the coagulant function. The polypeptides exhibiting the
doublet of M =79,000-80,000 conta1n an epitope which is
destroyed by thrombzn dxgestzon and which is not presenc on the
polypeptide of Mr=92,000. _

Thesejﬁonoclonal antibodies can be prepared by the
general steps 6f purification of human factor VIII:C; raising
monoclonal antibodies to the purified VIII:C; partial digestion
and activation*df putified VIII:C tolprodﬁce the polypeptide
complex descriﬁed above, including identification of the
specific polypgpfides; 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. This_Sequence is set forth in more detail in Example
111 below._ Alternatively, one can prepare an antibody by
isolating thé“ﬁ&rticular polypeptide of intefest from the
partial thtémbip digestiéﬁ products, for Enstance by
immunoadsorbbidﬁ onto and then elutiﬁh off of a colum
comprising agarose to which is coupled a monoclonal antxbody
known to reac: w1th the polypeptide: of interest, and then
taising a moqoq}onal antibody agaxnsc that polypeptide using

the procedure,déscribed in Example ;II.

This Sheet Has Been Reﬂll

[T




&r? .
1l A nonoclonal antibody to factor VIII:C was produced and used to .
:aenti?y VIIl:C polypeptides. At several selected points during the
gt gestion, portions of the digestion mixture were 5 assayed for \@I12C3945
Ecoagulant) activity, and for protein bands,, using SDS-PAGE

Rurification of VII1: C. Al steps were at Foom tenperature. Chem cals
gere reagent grade. 40 bottles of 10 commrercial factor VIII concentrate
Eprovi ded by Armur Phar maceutical) were reconstituted in 1000 nml of

Bl 11:C buffer 1 (0.02 Minidazol e/ 0. 15MESANPEN I ori de/ 0.1 M L-1ysine
ECl / 0. 02% sodi um azide, pH 6.8). This sanple, which contained a total
Bf 17.000 units of VIII:C activity, was applied to a 2.5 - 3.0 liter"

Eed volume i munoadsor hentM&icl@hal Thet ibRYED to hubda BYARRIYRIT:C wer
#r om de- activated agarose (Sepharose 4B. 20 Pharmaci a, Piscataway, Rew

ger sey) , t o whi cR noised| oadng the falldmwidisesrooedddel,: Rthanklidzednon dhighent | y
gonded. The" ant i hqdi.e re raised d attached to the colunm as :
_scri bed - in tE‘é‘%ﬁﬁpeﬁ%ﬂf‘icoHéﬂ°®ﬁ'§dagﬁfﬁn?‘m.reﬂ, by theygrocesg of U.S.

T Patent No. 4,361,509.

10 Mice were injected with highly purified factor VIII:C

:4‘}‘

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

were injected intraperitoneally with a composition prepared by

T I ATEN

dissolving (or suépending)'lojug of the protein in 0.1 ml of

¥4

15 buffer containing 0.05 M Tris, 0.15 M sodium chloride, 0.02%

o

sodium azide, 1 mM phenyl methyl sulfonyl fluoride, trasylol 10

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

5 complete Freund's adjuvant. On day 14, the mice were again

§< 20 ‘injected with the same mate:ia% except that incomplete Freund's
é; adjuvant was substituted for complete Freund's adjuvant. On

55? 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
;— 2 spleens of the m;ce were removed and fused according to a

if standard procedure, of the type described by J. P. Brown et al
= "Protéin Antigens of Normal and Malignant Human Cells‘

;; 30 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% polyethylene glycol 1000 was substituted for 50%

] 35 polyethylene glycﬁl. ' N -
> ‘This Sheet Has BeenRelplaced -
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1
: ! tanti bodies were precipitated fromascites fluid using 50%
brii um sul fate. reprecipitated two nore tines, and then attached to

t
colum at a density of 2-4 ng/m of Sepharose 30 The i en
pre:-eluted with 3M sodiumthi ocyangg washed with W%¢§f§

-l ysi HC , 0.02%
.P2M i-mi dazole HO pH 7.0, 0.15 M . 0.1 ML-lysine-
3un1a2|de) treateg tw ce wth 2nNId|-|sopropyI fl uor ophosphat e,

' e 35 was added.
then the concentrq% antlbodles were selected usxng the assay procedure

described above in Example I, in the paragraph with the heading

"Production of monoclonal antibody ageinst 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 antibbdyiﬁo VIII:C were then
10 EEjected into the peritoneal cavicies:of Balb/C mice which had
been pretreated intraperitoneally with 0.5 ml of pristane at
least fpur days. prior to injection of.cells. Hybridoma cells
15 were injeeted ae concentrations of approximately 5 x 10%.
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 f1u1d was collected in heparin at approx1mately 10
_ 20 units/ml. Asc1tes fluid from multiple mice was pooled to
provide a convenient volume for subsequent isolation of the
monoclonal IgG. The antibodies were precipitated from ascites
fluid using SOZ ammonium sulfate,: and .then reprec1p1tated two
23 mote times. The anti-VIII:C antibodies so raised corresponding
to (B), (C) and'CD) above were bound.to agarose beads and shown
to bind purifiea-VIII:C from solution, . ‘
30 Separate batches of VIII:C bﬁe untreated and one'

subJected to thrombin proteolysis, were then analyzed by the

SDS PAGE steps descrxbed in Exaople 1,;%Then, each band was
transferred electtophoretically_(Neste;n_t:ansfers) from the

35 gel onto a2 nitrocellulose sﬁee:. Theg;pparatus used was

ThlS Sheet Has Been'R
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col um was washed with 20 liters of VIII:C buffer * containing 0.15 M
um chloride, and VI11:C was then el uted fromthe VIII:Rwith VIIl:C
€r. containing 0.35 Mcalcium 5 chloride. Active fractions ol ed

i concentrated under nitrogen pressure 100-fold in an Am comaif%eﬁl;s
[ with a YMLO nenbrane. The concentratg was then diluted 1:10 in

:C .. buffer and applied to a 4 m colum of am nohexyl - Sepharose 10
rmacia) equilibrated in VII1:C buffer containing 0.025 M cal ci um
oride, VIII;C was eluted-in high concentration with VIT1:C buffer
taining 0.3 Mlca&lio+Rad Cfrensehlaat” aell pvamdaBdoliRad MR INLADIL. 6TBEwer
centrated i nmunoadsor bent pool was adjusted to 0.25 M cal ci um

ori de and adsortgeaplew@éorgad ILaboratenies  Rishmped, Qaldfoonialol OChea

t f | onal ntizfibri ti-fi ect i d. anti - VWE
 bodi 66 whi'oh S8t RasE B ERSh e 2ottt Eha A By AR enaa ot kg pH 8.3,

har ose. 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
10 antibodies ;eacted were determined using a procedure adapted
from W. M. Burnette, '"Western Blotting: Electrophoretic
Transfer of Proteins from Sodium Dﬁdecyl Sulfate Polyacrylamide
Eeis to Unmodified Nitrocellulose and Radiographic Detectior
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 room

20
temperature.

1.  Place ;be nitrocéllﬁiose sheet with the

transferred protein in a tra} éontainihg 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 monéclonal antibody to the tray
(either 0;1; = 1% of ascites fluid or 1 mg of purified 1gG). "
30 Shake forTiiogﬁinutes. ::
:3._-.Wa;h the nitroceiiblo;e sheet as follows:
(a) lO minutes with iép ml of Buffer D.

(b) 30 minutes with yﬁb ml of Buffer D and 0.05 % of
35 77

Nénidet-?-do, wiqﬁgchanges at 10 and 20 minutes.
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oduct,i on of nonocl onal antibody against VIII:C Monocl onal anti bodi es
re produced as described in U'S. Patent No. 4.361, 509 using purified

1. C as i mmrunogen. The anti bodi es were selected with g%aq%;p?qg

say in- Linbro-Titertek (Fl ow Laboratories. |nglewood, and
renzyne- | i nked i munoadsor bent (ELI SA)3sdet ection system 30 described in
gval I, E. and Perlmann. P. "Enzyne-linked . | rmunoadsor bent assay

LI SA), Quantitative assay of i munogl obulin G' I mmunochemn stry
871-874 (1971)) using a- per oxi dase -anti body conjugate (Zyned

boratorles ‘Burlingarfe) - 10 minutes with 100 ml of Buffer D.

4, fSoak the nitrocellulose sheet in Buffer D plus

0.25% gelatin and 1+2°

-labelled purified rabbit anti-mouse
5 1gG for 30 minutes.
5. -Wash the nitrocellulose sheet as follows:
(aleIO minutes with 100 ml of Buffer D.
10 (b) -16f24 hours with 100 ml of Bﬁffer D plus 0.1%
Nonidet P-40 and 0.5 M NaCl.
(¢) 10 minutes with 100 ml of Buffer D.
6. ?Bloc the nitrocellulose sheet between two sheets
15 of filter papér and then store the nitrocellulose sheet in a
gééled plastit'baé.
7. -Io_determine which antibodies and polypeptides

had reacted,
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 wa; transfer;ed but which had been
stained with Coomassie blue R250 rather than reacted with

monclonal antibody.
These steps demonstrated that the following distinct

30 antibodies haﬂ'been raised.

, | . Four antibodies reacted with the polypeptide of

IE : Mr=92,000, the Mr=108;000 and larger polypeptidés. one oOr
the other of ‘the polypeptides of Mr=54,000 or 44,000 present

35

in terminal thrombin digests, and no other polypeptides. This
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- . 1 CA). The plates were coated with 100 ng of purified VIII:C per
I

. The ELI SA-positive culture supernatant of the clone sel ected for
in this study also inhibited plasma VII1:C 5 activity. IQJ 2 345
onbin activation time course analysis of purified VIili:C
n[err]-thronmbin(sp. act. 2534 U ngy, fi-3gk concentration 0.5 Umnl),
added .to the purified VI11:C 10 (final concentration 167 [err]g/m)

i m dazol e saline buffer containing 0.04 MCaC [err]. Buffer al one was
ed.-to a control aliquot. The solutions were incubated at room

erature and 1 dgmoRsfiiases EhenoTiglar 9h| esanpresl Hrterhpolynaptddenr GHiasi n
ture were added c&ne poly b%sep%?crllé a&plbﬂggg'ﬁd\/glg %ggléefsourﬂl %f thrombin
' cleavage. It also shows that two epitopes on the Mr=92'000
5 polypeptide survive that cleavage, and that these epitopes are
not present on the Mt = 79,000-80,000 doublet.
é A fifth antibody reacted with the doublet of Mt'=
i 79,000-80,000, and with polypeptides of Mr=108’0°° and
i 10 greater, but not with the polypeptide of Mr=92,000 notr with
; any of the polypeptides present in terminal thrombin digests.
i " This demonstrates that the 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 doublect. _
The reaction profiles of these five antibodies
20 {ndicate that the M_=92,000 and M_-= 79,000-80;000
polypeptides derive from a common precursor or precursors.
A sixth antibody reacted only with polypeptides of
25 M£=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 $y_thrombin digestion.
To prepare and store a biological preparation of one

30 or more of these antibodies, the corresponding monoclonal 1zC

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 et e oo < et i Ay = s+ e 4 =t Emmies & m—— s e e A
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dlClQ@I Cheni stry Co. ) to inactivate the thronbin rapi dly and

neverS|ny In order to mnimze hydrolysis of p-APMSF, it 20 was

Iuted 1: 10 froma stock solution (100 mM i n nethanol) i mt | e

Iline buffer 60 seconds before reaction with the VINI: Q'Pg&g?ﬁ&%?
nples The final p-APMSF concentrati agq- was 1 mM The control aliquot
s treated sim-larly with 25 p- APMSSF at the start of the experinent.

the end of "the 60 mnute tine course, all VIII:C sanples were assayed
r Viil:C activity using an activated parti al throgboplastln tinme

say 30 destrfafédiph ihasieds efbe LﬁOéUah@Int’rﬁer\’fﬁPébér@d &r ashRAGEd

S- PAGE " Proced A': contln DS .pol yacyyl.am de sl ab

I el ect roﬁfx’of’gs‘f%" Wadopurs. o°r£rrr?5°58'§%rda (ﬂ‘l’ ﬁéei &ﬁr§°{)‘¥t1°“

(PBS) (PBS: 1.6 g sodium phosphate, monobasic monohydrate; 8.4
5 g sodium phospha&e, dibasic anhydrous; 51.4 g sodium chloride;

water to 7 liters; pH=7.2). The diluted ascites is
precipitated by dropwise addition with-stirring at 4%c.
éenCrifugacions ate preferably éarried out at 14,000 rpm for 60

© . 10 minutes (30,000 x g). The supernatant solution of ascites is
precipitated twice more with -S5AS 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 ascités fluid and then dialyzed
exhaustively against PBS. Clots appearing in the dialysis bags

20 are removed by centrifugation at 20°C. The dialyzed 1IgG is

adsorbed by stirring it with a 5% aqueous solution of aluminum

" hydroxide at room temperature and centrifuging at 20°C after

LT

adsorption. The adsorption treatment is repeated at least
25 . .
three more times using 2.5% aluminum hydroxide solutiom for
each treatment after the first. The adsorbed IgG is brought to

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

——

30 precipitated pellets may be stored at -20°C until used.
Two preferred procedures for pu:ifying'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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7- . 1 Laemmi, UK , Nature 227. 680-685. 1970. The "Procedure A"
Il owed i s: l. Sampl e Preparation 5 1. D al yze t he
ot ei n sanple (ideally 50-100 0123945

-38-

126G IgG . and Ig,G b lmmunoglobulins from Mouse Serum

1 12 2a’ . 2 .

Using Protein A-Sepha’rose." Immunochem1stry, Vol. 15, pp.
S

429-436; and in C. Bruck et al., “One-SCep purification of
' fi-Gel
Mouse Monoclonal Antibodies from Ascitic Fluid by DEAE Affi-

Blue Chromatography.” J. Immunolog1cal Methods, Vol. 53, pp.
313-319 (1982).
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| {.ers- eeﬁ%aiﬂ*'rﬁg—S-—ﬁ'O“‘m crograns of ' protein) against

. buffer oom t t If th I
o R, s 20 ST o

acetlc |n t he sanpl e buffer.

e the di aI yzed sarrpl e in a tube and®*Hdd 1/10 vol une of
SDS. Cover the tube with al um num foil. Heat, the
le in a boiling waterbath for 10 m nutes.

I Renove the sanple from.the waterbath and add to it

0 vol ume of WBAN) I$i CLAIMEADAISHi t hi ot hreitol . 15 ' | ncubate it

p6[err]C. for 4 hours, A factor VIII: célcoagAHrmNcbheaﬁampl end 0 cool to

gﬂerrperaturg an % polypeptldes cha actd¥iSRA" &n idhak@r layering onto the gel
ddi ng %cero]l solution,to 10%f|.nal .

centration and stock{br oﬁBﬁh‘é"néI% gPolypeptides exhibit o ;i on (o
5% fi nal Goackatd ati arpcing ¢¢rresom@m &Poﬂn M gélabautyP? APY: (use
oni zed, dishilgHds at points ¥6¥r@Eponding to M. vklues Stfoakogp ycer ol

,-,/;'gg 0% 46 Bhout 80 so opn, aha abole9b, bscyrarhssale Bhusodlye sol ution:
: about 7? gg“) about %1 000; or of about 92,000, :
about 80,000, about 79,000, about 72,000, and about
10 71,000; when subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis;
(ii) the coagulent exhibits specific coagu-
lant activity higher than 1800 Units/mg; e o e i e
{(iii) the coagulant exhibits the activity This Sheet Has Been Re[ilaced.

15 in step (ii) over a continuous period of at least |I"I_“|"| I"l I.

about 10 minutes; and
_ (iv) the coagulant exhibits human factor
VIII:C antibody binding. capacity.
2. The coagulant of claim 1 wherein in part
20 (ii) the specific activity is more than 5400 Units/mg.
3. The coagulant of claim 1 or 2 further
characterized in that it is free from ©¢-thrombin and
equivalent proteases in active form.
4. The coagulant of any of claims 1 to 3
25 wherein the coagulant is prepared by the digestion of
human factor VIII:C by ©¢-thrombin or an equivalent

i orotease.
i 5. The coagulant of any of claims 1 to 4

wherein the coagulant is essentially free of polypeptides
! 30 exhibiting bands at M_ above 92,000. '

35




f_oyver gel stock sol ution: 18.2 granms of Tris base

of 10% SDS final volunme 100 m . u
| to__8. 8 with concentrated hydrochloric 30 aci d. @12&92}5
: Up_}oerlgal) ZE)%CK sol uti on: I Vaf%}e61éog%ams of Tris base _—
' ;JS'([) pHto 6.8 with concentrated hydrochloric “II,"J"“HI“""Il””“,
ter. % L M s &
1 6. A biological preparation containing a

factor VIII:C coaqulant of any of claims 1 to S in an
amount of about at least 1% by weight.

7. A biological preparation of claim 6

5 containing from 30 to 95% by weight of the coagulant.

8. A biological preparation of claim 6 or
7 containing from 60 to 90% by weight.

9. A biological preparation of any of claims
6 to 8 dissolved in a pharmaceutically acceptable saline

10 solution.

10. The method of making a factor VIII:C
coagulant, comprising the steps of

{a} digesting human factor VIII:C in a
digestion mixture with an effective amount of a protease

15 under digestion conditions to form the coagulant of claim
1;

{(b) discontinuing the digestion of step (a)
while the coagulant is still present in the digestion
mixture; and '

20 ~ (c) recovering the resultant coagulant.

11. The process of claim 10 wherein the
human factor VIII:C has previously been purified.

12. A process for recovering the coagulant
of claim 1 characterized by adsorbing the coagulant

25 in active form to an immunoadsorbent containing a
plurality of monoclonal antibodies to human factor
VIII:C epitopes and eluting the coagulant from the
immunoadsorbent with an aqueous solution containing
calcium ions under elution conditiond effective to

30 desorb the coagulant from the immunoadsorbent without
denaturing the coagulant.
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~ i5. Sanpl e buffer 0. 01M sodi um phosphat e

IO " 5 355877570 oo m g
B¥:phoric &cid : Acryl am de stock sol uti on: 45
B0l ve 30 g of acryl am de |n 50 m oftlnater and add 0.8 g

islsacrylan1de and dissolve. Bring |0 . to 100 m final vol une.

= er the solution and . store in the dark at 4[err]C
B Stock el ectrode buffer solution: 30.3 g Tris base
1 : 13, The process of Claim 12 wherein the

solution contains up to about 1.0 M of calcium ion and
the solution is applied to the imminoadsorbent at up
to about 8 bed volumes per hour.

5 14. A process according to Claim 12 or 13
wherein the monoclonal antibodies are of class 1gG

" and are produced by a hybridoma formed by fusion of
cells from a mouse myeloma and spleen cells from a
mouse previously immunized with human factor VIII:C,

-10 the antibodies react with human factor VIII:C and

exhibit one of the following reaction profiles
with coagulant derived from human factor VIII:C:

(A) reacts with those polypeptides so derived of
15 Nr=92,000; Mt=186,000 and greater; and 54,000; and does not
react with those polypeptides so derived of Mr=4§.000;

71,000; 72,000; 79,000; nor 80,000;

(B) reacts with those polypeptides so derived of
20 M_=92,000; M_=108,000 and greater; and 44,000; and does not
| react with those polypeptides so derfved of Mr=54,000;
71,000; 72,000; 79,000; nor 80,000;
(C) reacts with those polypeptides so derived of
= !rf79,000 and 80,900; and Hr=108.000 and grégtei; and ‘does
not react with those polypeptides so derived of ﬂr=441000;
© 54,000, 71,000; 72,000; nor 92,000;
30 (D) reacts with those polypeptides so derived of
| Mr-108,000 and higher; and does not react with those

polypeptides so derived of M, less than 108,000;

|| liu

35
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final volunme 1 liter 8.

Wﬂﬂm\m “‘\‘“\“\ " m108f mlOOO/I Ss[,)tsog(l; el ect rode buf %i%ig;tl: gn

dy’e $ol ution 1% Coomassi e blue
Dissolve with stirt43rg for at |east 30 minutes at
n1tenperature and filter. , 10. Ammoni um persul fate sol ution 25
o amoni um per sul f at e. : Stored in dark at 4[err] C and nade
sh every weegk. III Rrepar | N Fi nal acryl am de
centration _e_q_ 7 5% wherg%ll hr H \%lu%g ?Ped %@é?gm r%d by % 20
| oner gel jecting the °°$¥B%-?<tlld6ﬁ/e?° g‘é’ngBIWP&hl sulfate- 5m

ck acryl am depsiladirybamide gel electrophorebisi
15. A monoclonal antibody of class IgG produced by a

5 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

10 and exhibits one of the following reaction profiles with
polypeptides derived from human factor VIII C:
(A) reacts with those polypept1des so derived of
Mt-92,000; Mt=180,000 and greater; and 5&}000; and does not
15 react with thbse polypeﬁtides so derived éf Mr=4§,000;
71,000; 72,000; 79,000; nor 80,000;
(B) reacts with those polypeptides so derived of
_M =32,000; M =108,000 and greater; and 44,000; and does not
20 react with those polypeptides so detived of M =54,000;
71 000; 72,000; 79,000; nor 80, 000;
(C) reacts with those polypeptides so derived of
25 M_=79,000 and 80,000; and Mr=108,000 and greagef; and does _
not react with those polypeptides so derived of Mr=44,000;
54,000, 71,000; 72,000; nor 92,000;
(D) -teacts with those p61ype§cidés so derived of
30 -108 000 and higher* and does not react with those

polypeptides 'so derived ‘of M lesfﬂthan 108,000;

wherein the M values are determxned by sub-

jecting the polypeptxdes to soduxmgrodecyl sulfate-
35 polyacrylamide gel electrophoreszs T e e
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el -« 10

, N, N -tet r amet hyl et hyl enedi am ne .005 m
IVED) 10% anmoni um per sul f at e : r__________0 12394 |
VA O
1 16. A monoclonal antibody according to

claim 15 having profile ({B) or (C) recited therein,
further characterized in that it neutralizes the coagu-~
lant activity of human factor VIII:C when said factor
5VIII:C is bound to the antibody.

17. A biological preparation comprising an
antzhody exhibiting

(a) . reaction profile A of claim 15 which is
essentially free from antibodies exhibiting the other

10 three of said profiles, or

(b) reaction profile B of claim 15 which is
essentially free from antibodies exhibiting the other
three of said profiles or '

. (c) reaction profile C of claim 15 which is

15 essentially free from antibodies exhibiting the other
three of said profiles or

' {d} reaction profile D of claim 15 which
is essentially free from antibodies exhibiting the
other three of said profiles.

20 18. A biological preparation comprising a
mixture of antibodies according to claim 15 which
exhibit reaction profiles A and B, which is essent;ally
free from antibodies according to claim 15 which
exhibit reaction profiles C and D.

25 19. A biological preparation comprising a
mixture of antibodies according to claim 15 which
exhibit reaction profiles A, B and C, which is essentially
free from antzbodzes according to claim 15 which
exhibit reactzon profile D.

30 . 20. An immunoadsorbent column comprising
particles of a solid immunologically inert adsorbent
material bound to an antibody exhibiting profile (a),

(B), (C), or (D) of claim 15. e e
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{Upper gel solution 10 m of upper gel

S T, T e

N N° N, N -tet rarret hyl ethyl enedi am ne %102 ZnP 45

lVED) 10% armoni um per sul fard” 0.03 m

Pr ocedure: 10 a. Prepare the slab gel apparatus for a 14.5 cm
9.0 cmx 0.8 mm slab gel. The appar at us is a

ndard gel el ectrophoresis appar at us

tance, from Hoéffer Scienf}fj@ column according ﬁ%t‘?“ﬁr’rﬁn% wlg‘géﬁ”i: Bfici sco,

I forni a. adsdxrbent Mhatexlibl | svagagesed ngredi ents except the TEMED
.and ammoni um persulfate in a 50 m vacuum fl ask

de-aerate. Then-add the TEMED and ammoni um . persul f at e,
gently and pour the | ower gel ~1mmedi ately. Layer the
r gel with 5 wanﬁrsﬁseagg .ﬂlehuaanol and allow it to.

10

15

20

25

30

35




polynenlze undi sturbed for . at |east 1l-4mur, . preferably 2- 6

hodrs 20 c. . Pour off the-butanol layer and rinse the -top of.

~.the*| ower gel with the conplete upper gel : m xture. (The
upper gel 'm xture is. prepared, ABSTRACT de aerated and TEMED and

"annDnlqﬁ1persquate are added as for the | ower gel above).
d.. % Pour - the .upper gel andMEWNBRCTORhEILZUNMOOAGUDANIFE PORY¥PEPTIDES upper
‘gel '_aI lowng at least 1.0 c t m of the conb
teeth and the upper gel - Iomﬂ.tES MSEBCLB&AL ANT;?PD;ﬁéeF.a?%%hpF Il with
upper- gel solution as , ' full as p055|ble Al'l ow upper gel
to polynerize at least 1 hour. before running the gel.

e To5renove the ﬁfgﬁaplgll ts h%l&&téé)gﬁ Elffsfc%rve%vee& whi?@h eﬁglblﬁl hlgg

t.op of the upper ge géently renove

_upper gel r%é%if L1l BCLk %@Fﬁlant act1v15y dd?féfrfc?trl&?a\/fré‘ﬁtibgﬁ?es to’

he apparat ds for runnin ect rode

buffer. é)o%?ir?hg E@%Eg(%)rebklso dlsclosed : I derl ng |.t into thg upper

‘gel wells un

t he

10
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the buffer |ayer.

-20-
Run the gel using constant current: 8 n1II|anper ar¥@5#
safples are in the upper gel —.and 15 n1II|anperes
sarples are in the _

-1-
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NEW_FACTOR VIIT COAGULANT POLYPEPTIDES
AND_MONOCLONAL ANTIBODIES TO THEM

This invention relates to new factor VIII

pglypepttdes. that i{s, proteins, exhibiting coagulant

activity. The invention therefore bas 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.

It has.long been known that plasma factor VIII playé a

crucial.tole in blood coagulation, and that thrombin activates

the coagulant effect of factor VIII. Recent attempts to

characterize factor VIII have postulated that factor VIII is a
comiplex of at least two polypeptides, which are knoun'as_VIII:c
and VI1II:R, and have found coagulant activity to reside in ghe.
VIil:C portion. Studies of the effect of thrombin on factor
ViIiI:C have led to the coﬁclusion tha:_th:ombin activates tﬁis
factor by breaking it down into several smaller polypeptides.
However, no prior studies have been able to associate

chtcmbin-induced faccor VIII activation in humans with any

defined polypeptides Eorme_.ffom human Eactor VITII:C.
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| ower gel. Stop the el ectrophoresis when the br onopheno

bl ye dye front is 1.0 cmfromthe. 5 bottom of the | ower gel.
V. ~ Fixing and Staining the gel Ref erence: Fairbanks, G
Steck, T.L.. and Wall ach, D.F.N., Biochem stry 10, 2606-2617,
19%1. 10 1. Fix the gel at |east overnight in a sealed
chanber in a solution containing 25% i sopropanol . 10%
acetic acid, 10 m of 1% Coonassie blue stock sol ution,
final volume 400 nm . 2. -2Next, soak the gel at |east 1 hour
.in 10% | sopropanol, 10% acetic .acid and 1.0 m of 1% 15
Coonassi e blue stock sol ution, final volunme 400 _ m .
3. Soak the gel about 4 hours in 10% acetic acid W th
changes or until conpl etely destai ned. 4. The destai ned ge
can be dried onto fil For pagEinc2) Hoyer and 'r:abow.SI 00 “ThECd £ FXEHEL O
I ncr ease contr Aﬁ proxi mately 5-20 of protein was applied to the
gel s. BVAL: ﬁ\kié‘r PPshiRan k5o WL o Labu@kid- sHap) &7 :15p-64
sem | 0gar thmigol P Soln ! €5 Juet By Hindl Ladko"v £ 185 tadtiidMeocbent
5 chromatography using a polyclonal antibody to factot VIII:R
taised in the rabbit. They then incubated the factor VIII:C
with purified human o-thrombin, and determined that small
10 amounts of the thrombin activated the factor VIII:C whereas

larger amounts activated it less or not at all. They also
concluded that ch:ombiﬁ activation i{s accompanied by a deccease
in the size of the protein, and they proposed a molecular

15 weight of about }16.000 for the activated factor VIII:C. Most
significantly, they.could not identify specific polypeptides

that retained factor VIII:C activity and VIII:C antigen
determinants.

20 Fulcher, C.A. and Zimmerman, T.S. in "Characterization
of the tuman factor VIII procoagulant protein witﬁ a
heterologous precipitating antibody“, Proc. Natl. Acad. of Sci.

25 USaA, ?9:1648-1652 (1982) obtained highly purified human factor
VIII:C from plasma concentrate by passing the concentrate
through a column containing a monoclonal antibody to factor
VII1:R, eluting the VI11:C from the &dsorbed VIII:C/VIII:R

30 complex, and concentrating the factor VIII:C on a second
column. The purified factor VIII:C was then analyzed by sodium
dodecyl sulfate/polyacrylamide gel electrophoresis (hereafter,
"“SDS-PAGE"), both before and after addition of thrombin to the

- ————— e e
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reduced fibronectin (Merr] 200,000). phosphorylase b (M 95, 000),

bovi-ne serum al bumn (Merr] 68.000). and |gG heavy chain (Merr]
50,000), and oval bumin (Merr] 43,000) as standards. 25 Scanni ng and
integration of a phot ographic print of the fini shed gel was done using
a Zeineh soft | aser scanning densi tonet er. Resul ts.
' The specific activity of the purified factor VIIl:C was 2000 units/ng.
. Thronbin activation of purified VII1:C activity was anal yzed over a 60
" mnute tine course. Bef ore t hrontyi3m exposure the untreated VIII: C
sanpl e showed the characteristic array of VIII:C forns ranging froma

doubl et at

1 purified material,. The_purified factor VIII:C prior.:o
thrombin addition showed a wide artay of bands on SDS-PAGE

corresponding to polypeptxdes of various molecular weights
5 (Mr)' includxng a relatively strong doublet at Mr 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
10 caused the diminution or disappearance of all of the
polypeptides shown prior to thrombin addition.. |
The coagulant activity of the plésma concentrate tose
15 following thrombin additioq to a maximum of three times that of
the material prior to thrombin addition, 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 posgessed a reported
25 specific activity some 3280 times that of the starting
material, one skilled in this art would conclude that the
increase in spgcific activity w;é due to the high degree of
purification achieved. There is no basis in this article for
30 ascribing activated coagulant activity to angy specific one or
wore of the large number of'polypeﬁgides associated with the
bands observed in the purified factor VIII:C prior to

activation with ;hrombin.
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-21- 1 Merr] = 79,000-80,000 to a band at Merr] = 188,000. A band
above Merr] = 188,000 and two bands below Merr] = 79,000 did not bind
to'the nonoclonal anti-VIII:C antibody i munoadsorbent. The 5 bands

between Merr] =79.000 and Merr] = 188,000 did bind

(O 1] anLl-Agﬂl . C
ant.d body. During the first 5 minutes of the throﬁb AR VA Hon [ti me
course, all but one of the npbnoclonal anti-VIIIl:C anti ody 10 r eadt ijve
bands with an Merr] greater than 92,000 gradually | SRBPSEPedognd vere
undet ect abl e when VII11:C activity r eacfed its peakl at 5 m nutes.

1l The present invention relates to a factor VIII:C

coagulant containing one or more polyneptides characterized
in that:
(i} one or more of the polypepéides exhibit
5 a band at a point corresponding to an Mr of about 92,000;
or bands at points corresponding to M values of about
92,000, about 80,000, and about 79,000; of about 92,000,
about 72,000, and about 71,000; or of about 92,000,
about 80,000, about 79,000, about 72,000, and about
30 71,000; when subjected to scdium dodecyl sulfate-
polyacrylamide gel electrophoresis; _
{ii) the coagulent exhibits specific coaqu-
lant activity higher than 1800 Units/mg;
(iii) ' the coagqulant exhibits the activity
15 in step (ii) over a continuous period of at least
about 10 minutes; ahd,

(iv) the cbagulant exhibits human factor
VIII:C antibody binding capacity.

_ Other aspects of the invention include biological
preparations containing the coagulant, and the treatment of
the clotting disorders of hemophilia by administering the
coagulant or preparations thereof. Yet another aspect of
the present invention comprises making the coagulant, or
a concent:ated-p:ebatation thereof, by digesting human factor
25 VIIXI:C with O{-thrombin, discontinuing the digestion while

the coagulant described above is present, and recovering the

coagulant. A further aspect of the invention is a procéss
for recovering VIII:C polypeptides, without losing coagulant
activity, from an immunoadsorbent containing monoclonal

30 antibodies to factor VIII:C.

In addition, the invention includes a monoclonal
antibody of class IgG produced by a hybridoma formed by
_fusion of cellé from a mouse myeloma and spleen cells fronm
a mouse p:éviqﬁsly immunized with human factor VIII:C, which

35 antibody reacts with human factor VIII:C and exhibits one

20



15 A band at Merr] = 122,000 appeared thronbin-resistant in only
sonme experinents, but after extensive thronbin treatnent nei ther this
band nor any other band was reactive with the i mobi | i zed nonocl onal
anti-VII1I1:C antibody. 20 A band at M = 92,000 increased in

I ntensity as VII1:C activity increased. A doublet at Merr] = 79.000
and - 80, 000 appeared to be converted to a doublet at Merr] = 25
71,000-72,000 with the latter form predom nant from5 to 60 mn. as
VITl:C activity decreased. Two bands5at Mer] = 54.000 and Merr] =
44,000 becane clearly visible from5 to 60 mn. The Merr] = 44,000
band al so appeared as a doublet in some 30 experiments. The Merr]
71, 000- 72,000 doublet, the Merr] = 54,000 -band and the Merr]
44,000 band were not rem)ved to a significant degree by the

| mobi |'i zed nonocl onal anti-VI1I:C ant i body.

1 of the following.reaction profiles with polypeptxdes derived
- from human factor VIII:C:

(A) rteacts with those polypeptides so derived of
5 Mr'92'°°°= MthB0.000 and greater; and 54,000; and does not
react with those polypeptides so derived of Mr=4Q.OOO;
71,000; 72,000; 79,000; nor 80,000;
(B) reacts with ﬁhose_polypeptides so derived of
10 Mt=92.000: Mr-IOB.OOO and greater; and 44,000; and does not
react with those polypeptides so derived of Mt=54.000:
71,000; 72,000; 79,000; nor 80,000;

(C) reacts with those polypeptides so derived of
4,.=79,000 and 80,000; and M_=108,000 and greater; and does

15

not react with those polypeptides SO de':'ived of M_=44,000;
54,000, 71,000; 72,000; nor 92,000;

20 (D) reacts with those polypeptides so derived of
¥ _~108,000 and higher; and does not react with those
polypeptides so derived of M‘ less than 108,000;

wherein the M. values are determined by subjecting
25 the polypeptides to sodium dodecyl sulfate-polyaerylamide gel
electrophoresis. :

As indicated, the present invention encompasses
polypeptide coagulants which exhibit factor VIII:C coagulant
activity and factor VIII:C immunological behavior, and which

30 show characterisgtic M, value(s) when analyzed by sodium
dodecyl sulfate-polyaerylamide gel electrophoresis {hereafter,
"SOS~-PAGE). By polypeptide complex” hereinafter is meant a
coagulant comprising combinations of twb or more polypeptides
known to be physically distinct, but also preparations contain-

35 ing only one discernible polypeptlde, i e., that which exhibits

REPLACEMENT SHEET

26 SEP 1994




-22- Scanni ng and integration of- the gel discussed above
all owed correlation of changes in polypeptide coricentration wth
changes in VI11:C activity. The results-are shown in the

1 a band at an M of 92,000.

the description below showing the preparation of the
élaimed'coagulan;'utilizes human factor VIII:C which_has bheen

highly purified, in order to free the identifica;ion and

characterization of the novel product from the effects of

extraneous polypeptides. It should be recognized, though, that

the invention itself is not dependent on how the starting

10 material has previously been treated, except where specifically
fndicated. The active factor VIII:C polypeptides of the
present invention can be prepared not.-only by digestion with
thrombin as described in greater detail below, or with other

15 siﬁilatly acting .proteases such as Factor Xa, Factor IXa, or

" Russell's viper venom-V, but also by recombinant DNA techniqueg

in which the polypeptides of interest are produced by bacteria,
yeast, or other cells into which one or more genes for

20 producigg the polypeptides of interest are insepted by

techniques known to choéé of ordinary skill ia the art. Either
process for producing the complex of interest can be expectad

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

polypeptides.
Any plasma or plasma couégqtraée containing human

factor VIII:C can be employed to advantage. The novel

30 coagulant can be prepared from humén factor
VI11:C which has been ultrapurified in accordance with the
process.described {n U.S. Patent No. 4,361,509, issued November
30, 1982, the disclosure of which is-heteby 1ncorporh£ed herein
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5 Table. As shown, the Merr] = 92,000 band increased and then

decreased in concentration in parallel with VIIl1:C activity. Thi s
sufggests that the Merr] = 92,000 band is an active form of VII1:C whose
concentration increased with thronmbin activation. 10 The Merr] = 54,000
and Merr] = 44,000 bands increased steadily in concentration between 1
and 40 mn., even after activity of the m xt ure decl i ned.

Most of the Merr] = 79, 000-80,000 doubl et was | ost during the first

0.1 to 10 mn. as VIII:C activity peaked, while nost of the Merr] =
- 71.000-72. 000 doubl et appeared during

~this time and predom nated even
as VIIl:C activity decreased. 20 These data suggest that the Merr] =

71, 000- 72, 000 doubl et mas derived fromthe Merr] = 79, 000- 80, 000
doubl et an thag the Me = 71, 000-72,000 doublet is inactive by
itsel f. *THEsECHRIH e T t%‘néﬂ‘ﬂ:@ﬁﬁ R t$Py4Tce P&t Barbasn VBYIthaurherr] =
71, 000- 72, Ie I to conplex wth the Merr] =
92. 000 OaQOl" ;I/Esé%% “p ?ém%%ﬁt’p%te%t\%\%ﬁ?d{)%lpa“ﬁg thtg “&‘\/FFy

1mmunoadsorbent column to which monoclonal antibodies to factor

S VIILI:R have been attached. The factot 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.
It should bg noted that the second column caﬁ_also be an
10 immunoadsorbent containing antibodies to factor VIII:C. The
factor VIII:C should be kept free of q&thtombip and other
. proteases. The factor VIII:C is cpnveniéntly stored in a
15 saline, buffered solution containidg, e.ge, 0.3M calcium
chloride, at a pH of about 6.8 to about 7.4.
The human factor VIII:C is then digested with
dA-thrombin under conditions effective to Edrm the polypeptide
20 complex described below. The purified g{-thrombin can be
prepared by the procedu:e described by Fenton, J.W. II; Fasco,
H.J.. Stackrow, A.B.; Aronson. D.L.; Young, A.M.; and
25 Finlayson. J.S. “Human Thrombin. Production, Evaluation. and
Properties of o/-Thrombin". J. Biol. Chem. 252: 3587-3598
(1977). ' . _
The o(-thrombin and the factor VIII:C are combined in
30 an aqueous system, preferably buffeted 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 sufffcient to permit

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




Direct evidence that the Merr] = 92,000 polypeptide is
the Merr] = 79, 000-80, 000 doubl et derives from

the anti-VIII:C nonocl onal i nmunoadsorbent. It was first shown that

t he nonocl onal anti body reacts predom nantly with the Merr] =
79,.000- 80, 000 35 doublet and not with the Merr] = 92,000 pol ypepti de.
Thi s was -23-

30 conplexed with
experinents utilizing

-8-

1 factor VI11:C degrades to inactive polypeptides before the
desiréd active 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

denature the polypeptides, and too.low a temperature can rQCard
_10 the progress of the digestion.
The digestion is allowed to pfoceed for a_time long
enough to permit the formation of .the desired polypeptide
15 complex. The optimum time will be from 0.1 to about 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 jdentified with minim;l expetimenta:ibn using aliquots of the .
factor VIII:C starting material being tteatedf An optimum time
is that which forms the maximal amount of the polypeptide
25 complex exhibiting'an M, oEZ;bou:—92.000, accompanied by the
formation of a protein complex exhibiting an M, doublet of
about 79,000 gnd aBoﬁt 80,000, without degrading the M.
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 M. values of
71,000-72,000. The 71,000-72,000 doublet slone does not
exhibit facgor VIII:C activicy.




1 shown by el ectrophoretic transfer experinents. Then it was

t he, nonocl onal anti-i mmunoadsorbent renpved both the Merr] =
79, 000- 80, 000 doublet and the Merr]=92,000 polypeptide 5 fromthe
solution. The Merr] =92,000 pol ypeptide could be eluted  fromthe
antk=VI11:C i munoadsorbent colum with 10 nM EDTA, whereas the Merr] =
79, 000- 80, 000 doubl et remai ned bound. The doubl et. coul d be subsequently
eluted with 3M sodi um 10 t hi ocyanat eg~.These experi ments denonstrated
that the - Mer]r =92,000 pol ypeptide bound to the inmunoadsorbent
because it

was conpl exed with the Merr] =79, 000-80, 000 doubl et and that
it

shown t hat

The digestion is then discontinued by adding to the
.reaction mixture an cffective amount of (p-amidinophenyl)
ﬁethanesulfbny} fluoride (heteafter,. "p-QPMSF“)of another
5 thrombin inhibitor. The p-APMSF prevents the gf~thrombin from

teacting further with the factor VIII:C proteins, without
itself dggtadlng those proteins. The amount of p-APMSF to add
should comptis; about 1.5 to about 2.5 inillimoles per unit of
1°.¢bthtombin activity initially present in Fhe reaccioﬁ mixture.
.p-APHSF can be obtained through California Medicinal
Cheéistty Company, San Francisco, California, and its
15 pteéaracion i; described in Laura, R.} Robinson, D.J.; and
Bing, D.H. “(p-Amfdinophenyl)methanesulfonyl Fluoride, an

I:teve;sibie Inhibitor of Serine Proteases", Biocheﬁistty
(1980) 19, 4859-4864, at 4861.

20 The reaction mixture can then be treated to

concentrate the polypeptide comﬁiéx.comptising the present
1nven£ion. ?téﬁerably. che!polypeptide compigx is concentrated
with tespect to other factor VIIL and non-factor VIII
25 ptot:eina.éeous'matei'ial. to provide the complex {n a form which
affords the very high activity possessed by the complex in the

pd:ified form. Purification techniques include,  for example,

30 ultrafiltration, ultracentrifugation, ion exchangé. gel
permeat{on chromatography, preparative elect;ophotesis;
isoeiectric focusing, and gei and affi{nity chromatography.

The desired compiex can also be concentrated and/or

35 tecovered by passing the reaction mixture, which can alveady
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15 was this doubl et which bound directly to the i mmunoadsorbent.

-24-  Jerr]

10

15

20

25

30

‘below.

-10-

have been concentrated by another technique, through an

immunoaqsorbent column containing anti-human VIII:C antibodies,
or equivalent antibodies.against ViII:C other than human, that
teact with the polypeptide(s) of the complex.

The antibodies
are attached to agatose (see Example I below). Several
antibodies which can be used to concentrate the.complex and/or
isolate certain of the polypeptides thereof are described

The active VIII:C complex adsorbs preferentially to the
¢olumn, and is then eluted from the column with a solution of

calcium ions (e.g., baClz) which can optionally also contain

a non-ionic surfactant. Suitable non-ionic surfactants include

- alkyl phenyl polyoxyethylenmes such as Triton-X-100, -N-101, ot

-X~405 (Eastman Chemical Co.); Tween-20, -60 or -80 (Sigma
Chemical Co.); and Nonidet P-40 (Sigma Chemical Co.); all of.
these are well-known articles of commerce having known chemical .
formulas. .

. The amounts of calcium ion and surfactant to use
should be high enough to desorb the polypeptide complex, but
not so high that the eluant inactivates the polypeptide. A
calcium fon conmcentration of up to about 0.5 M or even up to
ilb M is satisfﬁctory. and 0.25 M {s preferred. A surfactant
concentration of up to about 1 wt. % is satisfactory, and about
0.1 wt. % is preferred. The eluant is applied to thg
immunoadsorbent column at about 1 to about 8 bed volumes per

hour, and preferably about 3 to about &4 per hour. Too high a
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EXAMPLE | | Thi s

Exanpl e describes the results of treating 5 purified human Factor VII|
wi th purified human acti vated .

10

20

25

30

-11-

flow rate vrisks disruption of the column and non-absorption of

the polypeptide complex. The skilléd practitioner will readily

adapt these guidelines to immunoadsoﬁbent processes other than
fixed~bed columns.

- The VIII:C polypeptide complex is trecovecred in a
suitable buffer, at a pH of about 6;8 to 7.4, which also
contains calcium ion and surfactant from the eluaant solution.
The calcium and surfactant concentrations can be lowered, and
the surfactant preferably temovedl_gqch as by dialyzing the
solution agﬁinsc a buffer such as thé VIII:C buffer used in

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

complex of this invention 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'compétible and 1ﬁjecting a sterile saline

solution thereof.

When analyzed by éDS-PAGE as shown below, che coagulant
of chis invention exhibits an M, of ‘about 92, 000, and can
normally contain matervial exhibicing an M, ~doublet of about
79,000 and about 80 000. some of which can have undergone
degradation to exhibit an M, doublec of about 71,000 and

about 72,000, 1In 1ts purified £orm,;this band or the group of

these bands are essentially the onlylﬁands that appear.
However, {t will be appreciated chat the ptesent favention also

encompasses biological preparations: in which less than 100%,
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protein C (hereafter, "APC'), a known anticoagul ant enzyne.
VIIl-C was purified as descri bed above. APC was purified by the
procedure described in Marlar, R A et al.,

10 "Mechani sm of action of
human activated protein C, a t hr ombi n- dependent anti coagul ant enzyme."
Bl ood, Vol. 59, 1067 (1982),

except that a nono S columm of a Pharnaci a
FPLC system was used to separate APC fromthronbin. 15
Assays:

Sanpl es were assayed for VIII:C activity as descri bed above
using an activated partial thronboplasi2n tine assay with henophilia A

pl asma substrate. 20 Preparation of sanples for el ectrophoresis:
Si nce calciumiobs are required for APC activity, APC was stopped at
various tines by addition of 1/10 vol une of 100 nM EDTA cont ai ni ng 10
uM DAPA to the VI11:C + APC aliquots as well "as

Human Fact or

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

as 30t,_20!. 10%, or 1% of the proteinaceous matter' present
comprises the coagulant of the present invention. This

invention thus encompasses preparations in which.the factor
.§ VIII:C activity is due to the presence of the coagulant.

The protein complex of the present invention possesses
specific VIII:C coagulant activity (that is, activity per
milligram of all protein present) higher than that exhibited by
purtified human factor VIII:C, for {nstance human factor VIlI:C

purified by the process disclosed and claimed in the

10

aforementioned U:S. Patent No. 4.351.509. Indeed, the activity

15 ?f the purifi;d complex s@ould be several times, e.g., 3 to S
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 comple; of

20 this invention in association with one or more othét proteins

can be prepared .which exhibit higher specific activity than

that afforded’ in previously known coagulant preparations. The

specific activity of the complex, ﬁud of biological

25 preparations contaiﬁiug ic, is highgi than 1800 Units/mg,

advantageously higher than 5400 Uni:élmg.'gnﬁ fn mote

advantageous embodiments exceeds 7.5@6.and even i0;000.~

30 Units/mg. Preferably, the speciﬁic-?cttviﬁx of the.invéntive
preparations exceeds that of the purified human £gctor VIII:C
used herein by a éadtor of 3 to 5, and more advahtageously by

at least 10 times, by 50, ot even by 100 times.
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25 to the control VIII:C and APC aliquots. A 1/10 volune of |10%
dodecyl sulfate was then added to these aliquots. They wer e then
heated in a boiling waterbath for 5 m nutes and 30 subsequently dialyzed
for SDS- PAGE as descri bed above. Di sconti nuous sodi um dodecyl
sul tate 7.5% pol yacryl am de gel el ectrophoresis (PAGE) of reduced

VIIl:C, staining with Coomassi e blue R250 and scanning and integration
. 35 of the gel were as described above.
-26-

sodi um

-13-

The protein complex of the present invention, and
biological preparations thereof, are chataétetized in Ehat the
enhanced activity described sbove temains present over a

continuous period of at least about 10 minutes and preferably

- at least about 30 minutes. Of course, activity will generally

be stqble for much longer. The cooplex also possesses the

immunological characteristics of a factor VIII:C proteim, i.e.,
10 . .

it binds to an antibody for human factor VIII:C. This can be

ascertained, fot.instance. by growing a monoclonal aﬁtibody to
factor YIIi;C"as described below, aﬁtaching the an;ibody'to an

15 agarose column, passing an aqueous solution of the ‘complex
through thé column, and assaying the fesultant solution for
factor VIiI:C activity. | |

A further desirable attribute of this invention is
that the polypeptides of M_=92,000 and ¥_.=79,000-80,000 are
stable, telative to native human factor VIII:C which is
notoriously susceptible ﬁo proteolysis, degradation, and
25 resultant loss of coagulant activity. This stability is

demonstrated by the polypgpcides‘ 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.

REPLACEMENT SiHErT
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Sanmpl e preparation: A 339 [err]g sanple of VIII:Cin 0.3 m of VIII:C
buffer containing 0.3 Mcal cium chl ori de was di al yzed overni ght agai nst
butfer (50 mM Tris-chloride. 0.15 M 5 sodiumchloride. 5 nM cal ci um
chloride, 0.02% sodi um azi de. pH 7.4). To the dialyzed VIII:C sanple
was added 1.095 m of buf fer,

3 90[err]l of rabbit brain cephalin (Sigm
Chem cal Co.. St. Louis, MD, reconstituted, stored and thawed accordi ng
to 10 manufacturer's instructions) and 15 [err]|

of 1 nmM dansyl argi ni ne
N-(3-Ethyl -1, 5-pentanediyl) am de (DAPA), to give a final DAPA :
concentration of 10 [err]M The DAPA_ g@s i ncluded to inhibit any 15 trace
anounts-of thronbin present ' in the AP

since 10 [err] M DAPA does not
significantly inhibit APC. The final volune of the sanple was 1.5 m
and the final VII1:C concentration was 226 :

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

identify VIII:C polypeptides. At several selected points

during the digestion, portions of the digestion mixture were

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

Burification of VIII:C. 'All_steps vere at toom
temperature.

Chemicals were reagent grade. 40 bottles of
10

commercial factor VIII concentrate (provided by Armour
Pharmaceutical) were reconstituted in 1000 ml of VIII:C buffec

(0.02 M imidazolelo 154 sodium chloride/0.1 M L-lysine

15 HCl/0. 02% sodium azide, pH 6.8). This sample. which contained

a total of 17,000 units of VIII c activity, vas applied to 2

2.5 - 3.0 liter bed volume immuuoadsorbent column. The column

was cyanogen bromide-activated agarose (Sephatose 4B
20 pharmacia, 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

5 in the afo:ementibnediu.s. Patent No. 4,361,509. The
25- .

antibodies wetre precipitated ftoq‘ascites £luid-usidg S0%
azmonium éu;face} reprecipitated two mote times, and then
attached to the qoiﬁmn at a density of 2-4 wg/ml of Sepﬁatpse.
30 The tmmunoadsptbénc vas pre-eluted with 3M sodium thiocyanate,
washed with VILI:C buffer (0.02M {midazole HCL pH 7.0, 0.15 H
| NaCl, 0.1 M L-lysine-HC1, 0.02% sodium azfde), treated twice

with 2uM di-isopropyl fluorophosphate, znd then the concentrate

35 uas added.

> res g s - -
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[err]g/m . Four hundred microliters of the 1.5 mM VIII:C sanple 20 were

w thdrawn and set aside as a control (designated VIII:C). To the
remmining 1.1 mM was added 20 [err]l (10 ug) of APC giving a final APC
concentration of 9 [err]g/m (designated VIII:C + APC). A second
control sanple was prepared containing all conponents 25 at simlar
concentrations except that-VIi11:C was ontted (desi gnated APC)
Timepoints: VIII:C alone; the mxture of VIIl:C and 30 APC. and APC

al one were placed in a 37[err]C waterbath and at - given tinmepoints
aliquots were wi thdrawn for SDS- PAGE1&md/ or VI

:C activity assay. It
APC remai ned active in the
35 substrate S-2238 after prol onged

was al so determned in control that
hydrol ysis of the synthetic
i ncubation at 37[err]C

1 The column was washed with 20 liters of VIII:C buffer
containing 0.15 M sodium chloride, and VIII:C was then eluted

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

5 chloride. Active fractions were pooled and concentrated under

nitrogen pressure 100-fold in an Amicon stitrred cell with a

YM10 membrane. The concentrate was then qiluted 1:10 in VIIL1:C

buffer and appl%ed to a 4 wml column of aminohexyl-Sephatose
10 (Pharmacia) equilibrated in VIII:C buffer containing 0.025 M
calcium chloridé, VIII:C was eluted in high concentration with
VIII:C buffer containing 0.3 M calcium chloride at a flow rate
of 10 ml/br. The conceﬁtrated immunoadsorbent pool was
adjusted to 0. 25 M calcium chloride and adsorbed twice for 1 h
each time with 1[10 vollvol of a mixture of monoclonal

anti-fibrinogen, anti-fibronectin and anti-vWF ancibodies 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 usf{ng purified VIII:C as immuﬂogen; The

25 antibodies were selected with s solid-phase assay in

Linbro-Titertek (Flow Laboratories, Inglewood, CA) places and

an enzyme-linked immunoadsorbgnc (ELISA) detection system

30 described in Engvall, E. and Perlmann, P. “Enzyme-linked
immunoadsorbent assay (ELISA), Quantitative assay of
immunoglobulin G" Immunochemistry 8:871-874 (1971)) using a

peroxidase-antibody conjugate (Zymed Labotatories. Burlingame,
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-27- 1 Results: Digestion of purified VIII:C with APC was
associated with | oss of approximately 85% of the control VIII:C

acfivity. APC inactivation of VIII:C activity resulted.in the 5
dimnution of all VIII:C polypeptides of Merr] between 92,000

-16-

1 CA). The plates uere'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 glasma VIII:C

5 activity.

Thrombin activation time course analysis of purified
vill:C. Purified human o{~thrombin(sp. act. 2534 U/wg, final

concentration 0.5 U/ml), was added to the purified VIII:C
10

~ (final concentration 167}ug/h1) 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 was 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. fhe final p~APMSF concentration
25 was 1 oM. The control aliquot was trea:ed_similarly with
p-APMSF at the start of the experiment. At the end of the 60
minute time course, all VIII:C samples.were assayed for VII1:C
activity using an activated partial tbtoﬁboplastin 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

26 SEP 1996




and 188, 000 and generation of a pol ypeptide of Merr] = 45,000,
| eaving the doublet of Merr] = 79-80.000 intact.

course inactivation of purified VIII:C by APC
di sappearance of specific VIII:C pol ypeptides as VIII:C activity
decreased over a 360 mnute  tinme course. Scanning and integration of
the 'gel showed that 15 the pol ypeptide Merr] = 188,000 .and the

pol ypeptide of Merr] =

whi | e
Atinme
showed t he progressive

92. 000 decreased in parallel with VIII:C
activity. One ot her polygeptide of internediate Merr] was
cl eaved by APC but it was not eadl

Fy quantitated by gel scanning.
20 this experinment unlike the digestion with APC, sone VIII:C

pol ypeptides of Merr] = 92,000-188,000 were resistant to the APC
di gestion. However,

as in the digestion with APC, the doubl et
pol ypeptide at Merr] =

79- 80, 000 was not proteolyzed by APC. 25
A pol ypepti de of N[errk =
by

45, 000 appeared to increase in
concent r at fokaemnkihe UpKl y pligfiunee 22df, #BOr685 = 1899 .008hanP@zedote A"

decreased su ting that it is a proteolytic fragment derived 30 from
them No ot hggfg‘?‘beecgtii%n products were visualized wth

I. Sample Preparation
5 1.

In

Dialyze the protein sample (ideally 50-100
microliters containing 5-60 micrograms of
protein) against sample buffer overnight at room
tempétrature. 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 1L0% SDS. Cover the tube with aluminum
foil.  Heat the sample in a boiling waterbath for
10 minutes.

3.

Remove the éampLe from the waterbath and add to

it 1/10 volume of 500 millimolar dithiothreitol.
15 Incubate it at 56°C. for 4 hours.

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 . Preparaion of gei solutions (use deionized, distilled
’ water .
1. Stock glycerol solution: S$0% glycerol
2. ds 0.5%
25 ' _ -
3. Lower gel stock solucion;
18.2 grams of Tris base
4 ml of 10% SDS - '
£inal volume 100 ml. _
Adjust pH to 8.8 with coricentrated hydrochloric
30 acid. Filter. :

4. ugger'gel stocﬁ so}ucloﬁé

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

Adjust pHl to 6.8 with concentrated hydrochloric
acid. Ftlte_: . -
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Coonmassi e bl ue.
activation of
decreased in

As shown in Exanple |, during thronbin
VIIl:Cthe Merr] = 92,000 pol ypeptide increased and

-18-

1 S. Sample buffer

0.0l1M sodium phosphate
1.0% SDS

10 millimolar disodium EDTA
Final volume 1 liter

5 pH adjusted to 7.0 with sodium hydroxide or
phosphoric acid.

6. Acryvlamide stock solution:

Dissolve 30 g of acrylamide in 50 ml of water and

add 0.8 g of bisacrylamide and dissolve. Bring
10 - 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
15 , final volume 1 liter

_ 8. Electrode buffer

100 ml of stock electrode buffer solution
890 ml water

10 ml of 10% SDS

20 9. Stock Cooméssie blue dye solution

1% Coomassie blﬁe R 250 in water

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

10. Ammonium persulfate solution
25 fmnonium persullfate solutlon

10% ammonfium persulfate.
Sto;ed in dark at 4°C and made fresh every week.

11I. GCel Preparation and Running: Final acrylamide
. concentration = /.54 :

30 1. Lower gel solution

20 ml of lower pel

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 ol
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1 parallel with VI11:C activity. In order to determ ne whether a

linear relationship existed between proteolysis of the- pol ypepti de of
Merr] = 92,000 and the loss of VIII:C activity. 5 the data of this tine
course inactivation run were re-plotted to exam ne percent VIII:C

activity versus percent of pol ypeptide of Merr] = 92,000. The anount
of .MIIl:C activity appeared to be proportional

to the anount of the
pol ypepti de of 10 Merr] = 92.000. A further aspect of the
present invention conprises monoghonal antibodies which are specific in
an unforeseeable 15 way to the variousS pol ypeptides which are forned by the
reaction of factor VIII:C wth a protease such as al pha-thronbi n. Each
anti body reacts with human factor VIII:C whi ch has not been activated -
nor digested with thronbin or 20 equival ent proteases. The anti bodi es are
further characterized

1 2. Upper gel solution

10 ml of upper gel

Stock upper gel solution

) _ 2.5 ml
. _ Stock acrylamide solution 1.0 ml
5 Water 6.5 ml
N,N,N' ,N'-tetramethylethylenediamine 0.0l ml
(TEMED)
10% ammonium persulfate: 0.03 wl

3. Ptocedutg:

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, :
availkable, 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
gersulfate. 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.
20 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: ammoaium persulfate are
added as for the lower gel above).

d. Pour the upper gel and insert the comb {nto the
s upper. gel gglowﬁng at least 1.0 cm between the
bottom of the comb teeth and the ugpet gel-lower
gel interface. Fill with upper gel solution as
full as possible. 'Alloq;nget 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 uppét gel and gently remoye the
comb.' Ringe the upper gel wells with electrode

buffer sevecal times. ~ =

£. Assemble the a #ratus Eéﬁ runnin and add
" electrode buffgg. Apply th samp%e(s) by

layering it into the upper gel wells undecrneath
the'buf%er layer. S
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by their individual properties, as follows: (A
with the Merr] =

One reacts
92, 000 pol ypepti de descri bed herein,

with
pol ypeptides of Merr] = 108,000 and |arger. 25 and with the
pol ypeptide of Merr] = 44,000 which is present in term nal -t hronbin
digests. It does not react with the

pol ypepti de -descri bed, herein
whi ch exhi bits a doublet of Merr]

, = . 30 79,000-80,000, nor with the
pol ypepti de descri bed herein which exhibits a doublet of Merr] =
71, 000- 72, 000. ' (B) (Jy%‘pacts with the Merr] = 92,000
pol ypepti de described herein, w

pol ypeptides of Merr] = 108, 000
and | arger '

Run the gel using constant current:

8 milliamperes while samples are in the upper gel
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
S 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 ovetnight'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 EEI at least 1 hour in 10%
isopropanol, 104 acetic acid and 1.0 ml of 1%
15 ciomassie blue stock solution, final volume 400
ml.
3. Soak the gel about & 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.
V111:C M5 were calculated for :reduced samples by
semilogatithmic plots of M, versus migration distance, using
reduced fibronectin (M 200,000), phosphorylase b (M,
95,000), bovine serum albumin (M, 68,000), and IgC heavy
chain (HE 50,000),. and ovalbumin (Mg 43,000) as standards.
25 . Scanning and integration of a photographic print of the

finished gel was done using a Zeineh soft laser scanning
densitometer. . . -
Results. The specific:activicy of the purified factor
30 VIII:C was 2000 units/mg. Thrombin activation of putified
VIIL:C activity was analyzed over a 60 minute time course.
Before throcbin efpésure the unc:eafed VIIL:C sample showed the

characteristic array of VIII:C formé ranging from a doublet at
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- 29- 1 and with the pol ypeptide of Merr] = 54,000 which is present in
termnal thronbin digests. It does not react wth the pol ypepti de
descri'bed herein which exhibits-a doublet of Merr] = 5 79,000-80, 000
nor with the pol ypepti de descri bed herein which exhi bits a doubl et of

Meri] = 71, 000-72,000. (O One reacts with the doubl et of
. Merr] = 79, 000-80, 000 and pol ypeptides of Merr] = 108,000 and greater,
. but not with the 10 pol ypeptide of Merr] = 92,000, nor with the

" pol ypepti des of M 71, 000- 72, 000, I\/[_eif_] = 54,000 nor Merr] = 44,000.

1 M_ = 79,000-80,000 to a band at M_ = 188,000. A band above
Mt = 188,000 and two bands below M. = 79,000 did not bind

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

bands between M_=79,000 and 4_=188,000 did bind to the
anti-VIII:C antibody. -

During the first S minutes of the thrombin activation time
10 course, all but one of the monoclonal anti-VIII:C antibody
teactive bands with an M_ greater than 92,000 gradually

disappeared and were undetectable when VIII:C activity reached

its peak at 5 minutes.

15 A band at Mt-- 122,000 appeared thrombin-resistant in only

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

immobilized monoclonal anti-VIII:C-anti$qdy;
20

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

25 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 {n some
experiments. The M, = 71,000-72,000 doublet, the u, -
54,000 band and the M, = 44,000 band were not temoved to a

30

significant degree by the iﬁmobilized monoclonal anti-vIIi:C
antibody.
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'(E» One reacts only with pol ypeptides of Merr] =108,000 15 and greater.
Each of these antibodies can be used to concentrate t he conpl ex

descri bed above, from m xtures which al so contain ot her pol ypepti des.
One such mixture is produced by partial 20 digestion of human factor VIII:C

with [err] -thronmbin or an equi val ent protease. Another such m xture
i s that produced by reconbi nant DNA techni ques in which a desired
pol ypepti de or conplex is expressed by a m croorgani smand nust be

recovered froma mxture with ot kh2R-protei naceous conpounds. Anti body
(A, (B), (G or (D, or a conbination of two, three, or-all of t hem

can be attached fo an i nmunoadsorbent columm in the 30 manner described in
Exanple 1, and a feed solution of the m xture contai ning the

pol ypepti de(s) conprising the conplex is poured through the col um.
Those pol ypepti des having Merr] of 92, 000, 79, 000-80, 000, and

71, 000-72,000 which are present in
1 Scanning and integration of the gel discussed above
alloved correlation of changes in polypeptide concentration
with cﬂanges in VIII:C activity. - The results are shown in the
5 Tablé. As shoué. the M = 92,000 band increased and then
decreased in concentration in'patéllel with VIII:C activity.
This suggests that the Mr = 92,000 ‘band is an active fory of
VILII:C whose concentration increased with thrombin activation.
10 2he M_ = 54,000 and M_ = 44,000 bands increased steadily in

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

15 : Most of the “r = 79,000-80,000 doublet was lost
during the first 0.1 tﬂ 10 min. as VIII:C activity peaked,

while most of the Ht = 71,000-72,000 doublet appeared during

this time and predominated even as VIII:C activity decreased.

20 These data suggest that the ¥_ = 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 ate

consistant with the retention by the M_ = 71,000-72,000
2 .
3 doublet of the ability to complex with the M, ~ 92,000

. polypeptide; this complex would also have activity.

Direct evidence that the “t = 92,000 polypeptide is
30 complexed with the M, = 79,000-80,000 doublet derives from

experiments utilizing the antf-VIII:C monoclonal

jmmunoadsorbent. It was first shown that the monoclonal

antibody reacts predominantly with the M. = 79,000-80,000

35 gdoublet and not with the H, = 92,000 polypeptide. This was
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- 30- 1 the feed solution adsorb onto the columm, fromwhich they can
be eluted as taught herei habove after the source solution has

been
washed through the colum. The resulting eluted solution 5 is thereby
concentrated in the desired activated VII1:C conpl ex
23~
1l

shown by electrophoretic transfer experiments. Then it was

shown that the monoclonal anci;imnunoadsOtbenc renoved both the
M= 79,000-80,000 doublet and the M.=92,000 polypeptide

5 from the solution. The Ht=92.000 polypeptide could be eluted

from the anti-VIII:C ihmunoaﬁéo:ben: coluon with 10 oM EDTK.
. whereas the Mt=79.000-80.000 doublet remained bound. The

10 doublet could be subsequenély eluted with 3M sodium

thiocyanate. These experiments demonstrated that the

Mt=92.000 polypeptide bound to the immunoadsorbent because it
was complexed with the Mt=79,000-80.000 doublet and that it

15 was this doublet which bound directly to the immunoadsorbent.
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conpared to the feed sol ution. The new anti bodi es are al so
useful 4or anal ytical pur poses, to detect the occurrence of the reaction
of human VIII:Cwith thrombin or other proteases, because of their

ability to react with products of that reaction. An anti body havi ng
profile (B) and an- anti body having profile (C) have been f ound whi ch

neutralize VII1:C coagulant activity when either is bound to factor
VII1:C This additional property can be of val ue in the diagnhosis of
hemophi | i a-rel ated di sorders. The di scovery of these
anti bodi es also permts further 20 char aéfari zation of the conmponent s of
t he pol ypeptide conplex . described herein. Thus, the pol ypeptide which
exhibits a band: of Merr]} = 92,J000 contains (at |east) two epitopes
(i.e. antibody bi ndi ngssijt es), §hat are wot<destrayegd Qy thrombin
digestion and 25 3 are Bt [pre@ent on ther pekypseptdhdas yhich exhibit the
doubl et of Merr] = 79,090-80, 00 nor the dofBl €t of Merr] =
71 ,000- 72, 000. '
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One of these epitopes is also present on the pol ypeptide of 30 Merr]=
44, 000 and the other on the polypeptide of Merr] = 54, 000.

= , Thus, the
Merr] =54,000 and Merr]=44,000 pol ypepti des derive from the Merr] =
92, 000 pol ypeptide. Also, the Merr]= 92,000 and M err] =79, 000- 80, 000
polypeptides are derived froma comon :
-31-
-25-
1 . ENAMPLE 11
This Example 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 spMechanism of action of human activated protein C, a

th:ombin-depehdent anticoagulant enzyme." Blood, Vol. 59, 1067

- (1982), except that a mono S colunn 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 iohs are required for APC activity, APC was sEopped at
various times by addition of 1/10 volume of 100 mM EDTA

containing 10 uM DAPA to the VIII:C + APC aliquots as well as

25 to the control VIII:C and APC aliquotk.

A 1/10 volume of 10%
sodium dodécyl sulfate was then added to these aliquots. They
vwege then heated {n a boiling wacetbach for S minutes and

20 subsequently dialyzed for SDS-PAGE as%descti§ed above.
Discontinuous sodium dodecyl sulfate 7.5%

polyacrylamide gel electrophoresis (B@GE) of reduced VIII:C,

staining with Coomassie blue R250 an&iscanning and'integtapiqn

35 of the gel were as described above.
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1 precursor or precursors. The discovery of antibodi es having
(B)-and profile (C each of which neutralizes factor

activity is further support that the 5 Merr] = 92,000 and Merr]

=79. 000- 80, 000 pol ypeptides are inportant
pol ypepti des exhibiting the
epi tope which is

present on the 10 pol ypepti de of N[QQEL = 92. 000. These
nonocl onal anti bodi es can be prepared by the general steps of
purification of human factor VIII1:C, raising 15 nonocl onal antibodies to

the purified VII11:C, partial digestion.

destroyed by thronbin digestion and which is not

to produce the pol ypepei de conpl ex described above, including

an

10

15

20

25

30

35

dialyzed overnight against buffer (50 mM Tris-chloride, 0.15 M
sodium chloride, 5 mM calcium chlotide..o.ozz sodium ézide. pH
7.4). To the dialyzed VIII:C sample was added 1.095 ml of
buffer, 90 ).nl of rabbit brain cephalin (Sigma Chemical Co., Sc.
Louis, MD, teconstltutgd. stored and thawed according to
manufacturer's instructions) aand IS‘PI of 1 ﬁﬁ dansylarginine
N-(3-Ethyl-l,5-pentanediyl) amide (DAPA), to zgive a final DAPA
concentration of LGZFM. The DAPA was included to inhibit any
trace amounts oflthtombin present in the APC since lO/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
pelul. Four hundred microliters of the 1.5 ml VIII:C sample
were withdrawn and set aside as a control (desjgnated VIII:C).
T6 the remaining 1.1 m% was added.ZOIpl (10 ug) of APC giving a
final APC concentration of 9,pglm1 (defignated VIII:C + APC).
A second control sample was prepa;ed-containing all components
at similar concentrations except that VIII:C was omitted
(designated APC).

Timepoints: VIIL:C alone; the mixture of VIII:C‘and
APC, and APC alone were placed in a 370¢C waterbath and at
given timepoints aliquots were withdrawn for SDS-PAGE and/ot
VIII:C activity assay. 1t was also dgtermined in control that

APC remained active in the hydrolysisiof the synthetic

substrate $-2238 after prolonged incubation at 37°c.

to the coagul ant function.
doubl et of Merr] = 79, 000-80,000 contain an

profile
VII1:C coagul ant

The

and activation-of purified VIIN1:C

identification of the speci fic pol ypeptjdes; reaction qf the anti-VIil1l:C
antibodied 20 wit h_ﬁﬁ‘@-l—bf-gw&ﬁﬂﬁ-he“a P& iséﬂ_?l%l é’ﬁ_&?éﬁtié‘_r _iozé_t i on of
ant oGy Py11:€°BLEELF UddtEiding NG, P WATRTLHC For b Nuai Ch 1L
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reacted. This sequence is set. forth in nore detai

i n Exanpl e 1]

bel ow. Alternatively, one can prepare an anti body by 25 I sol ating the
particul ar pol ypeptide of interest fromthe partial thronbin digestion
products, for instance by | mmunoadsorbtion onto and then elution off of
a colum 3C conprising agarose to which is coupled a nonocl onal anti body
known to react with the pol ypeptide of .interest, and then raising a
nonocl onal anti body agalnst t hat polypept|de usi ng t he procedure
descrlbed in Example I11.

1 Resulces:

Digestion of purified VIIL:C with APC was

associated with loss of approximately 85% of the coatrol VIII:C

activity. APC inactivation of VIII:C activity cesulted in the

5 diminution of all VIII:C polypeptides of Mr between 92,000

and 188,000 and generation of a polypepcfde of M.=45,000,
while leaving the doublet of “t = 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 VII1:C activity decreased over a 360 minute

time course. Scénning and iﬁtegration of the gel showed that

15 the polypeptide Mr = 188,000 and the polypeptide of Mr
92,000 decreased in parallel with VIII:C activity.

One other polypeptide of intermediate Mr was cleaved

by APC but it was not easily quantitated by gel scanning. 1In

20 this experiment unlike the aigestion with APC, some VIII:C

polypeptides of-Mt = 92,000-188,000 were resistant to the APC
digestion. However, as in the digestion with APC, the doublet

polypeptide at M =~ 79-80,000 was not proteolyzed by APC.
A polypeptide of M, - 45,000 appéared to increase in
conceatration as the polypeptides of M_ = 188,000 and 92,000,

25

decteased suggesting that {t i{s a proteolytic fragment derived
30 from them. No other digestion ptoduéts were visualized with
Coomassie blue. | |
As shown in Example I, du:ing'thrombin activation of

VIII:C the M, = 92,000 polypeptide increased and-decreased_in
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- 32- 1

EXAMPLE || ‘Monocl onal
anti bodi es to human Factor VIII:C were 5 raised using the follow ng
procedure, starting fromhighly purified VII1:C which had been prepared by
the process of U'S. Patent No. 4,361, 509. M ce were injected

with highly purified factor VII1:C 10 according to the foll ow ng
procedure. On day zero, the mce were injected intraperitoneally with a

conposition prepared by di ssol ving_4@r suspending) 10[err]g of the
protein in 0.1 m of 15 buffer containing 0.05 M Tris, 0.15 M sodi um
chloride, 0.02% sodi um azi de, 1 nM phenyl nethyl sulfonyl fluoride,
trasyl ol 10 units/m at pH 7.3, and shaking with an equal vol une of

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

linear crelationship existed between proteolysis of the
polypeptide of M, = 92,000 and the loss of VIII:C activicy,
the data of this time course inactivation run were re-plocted
to examine percent VIII:C accivityIVetsus percent of
polypeptide of M, = 92,000. The amount of VIII:C activity

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

10

A further aspect of the present invention comprises
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 activaped nor digested with thrombin or
20 equivalent proteases. The antibodiés are further characterized

by cheit individual ptopetties. as ‘follows:

(A) One reacts with the Mt°92 000 polypeptide
25 described herein, with polypepcides of Mr-108 000 and larget.
and with cpe po%ypepcide of “t = 44.000 which is present in
terminal~thrombin digests. 1t does not react with the.
polypepcide desctibed hetein uhich exhibits a doublet of M,
30 79,000-80 ,000, nor with the polypepcide described herein which
exhibits a doublet of M, = 71, 000-72 000.
(B) One reacts with thgﬁhr-QZ.OOO polypeptide
described-ecein, with polypeptidéé of M_=108,000 and larger,

2}

REPLACE

C‘J
x“i 1

[ SHE

fﬂ

ET

26 SEP 1994




conplete Freund' s adjuvant. On day 14, the mce were again 20 injected with
the_same material except that inconplete Freund's adj uvant was
substituted for conplete Freund's adjuvant. On day 21, the injection of
day 14 was repeated. On day 38, the mce were-injected with purified
VI11:C only. On day 42, the 25 spl eens of the mce were renoved 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

| dentified by I munoprocipitarion w tlg Mnoclonal Antibodies". JOURNAL
OF BIOLOd CAL CHEM STRY, Vol . 225, pp. 4980-4983 (1980). The standard

techni que was varied only to the extent t hat 35% pol yet hyl ene gl ycol
1000 was substituted for 50% 35 pol yet hyl ene gl ycol.

1 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) . One reacts with the doublet of M_=79,000-80,000
and polypcptides of Mr-108.000 and greater, but not with the
10 polypeptide of M:¥92,000. not with the polypeptides of M_ =
71,000-72,000, M:-SQ.OOO. not M:=&4,000.
(D) One reacts only with polypeptides of 1 =108,000
15 and greater. -
| Each of these antibodies can be used to concentrate

the complex described above, from mixtures which also contain

othef-polypepcides. One such oixture is produced by partial

20 digestion of human factor VIII:C withJ{-thtombin or an
equivalent protease. Another such mixture is that producéd by-
recombinant DNA techniques in which a desired polypeptide or

25 complex is expressed by a mictoorgantgm and must be tecove;ed

from a mixture with other ptoteina;g§ﬁ§5compounds. Ant$body
(a), (B), (C) or (D), or a combinaéiéh_pf two, threé, or all of -
them, can be attached to an immunoéd#p:bent column in the

30 wmananer described in Example 1, andéayféed solution of the
mixture containing the polypeptidesg);comptising the complex is
pouted- through ihe column. Those ;éi§pept;des having M  of
92,000, 79,000-80,000, and 71.000{??}000-which are present i?
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- 33- The anti bodi es were sel ected using the assay procedure
descri bed above in Exanple I, in the paragraph with the heading
"Pr.oduction of nonoclonal antibody against VIII:C', except that 5

anti bodi es  which did not neutralize VIII C activity were al so subcl oned
and- treated as descri bed bel ow. The cl ones which were positive
wer e subcl oned tw ce and stabl e clones producing antibody to VIII:C were
t hen

-30-

1 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 solutién

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

compatred to the feed solution.

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

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

ability to react with pfoducés of that reaction. An antibody

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

15.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-telated disorders.

The discovery of these antibodies also permits further

20 characterization of the components of the polypeptide complex

described herein. Thus, the polypeptide which exhibits a band

of urfpz.ooo contains (at least) two epitopes (i.e. antibody
binding sites) that are aot destroyed by thrombin digeséion and
25 ate not p:eseni 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 polypept{de of
30 Ht'44.000. and the other on the polypeptide of Ht=56.000.
Thus, the Mr-S&,OOO and Mt-&h.DOO 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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10 - injected into the peritoneal cavities of Balb/C m ce which had
been pretreated intraperitoneally with 0.5 nm of pristane at | east four
days- prior to injection of cells. Hybridoma cells 15 were injected at
concentrations of approximately 5 x 10[err] cells per nouse in 0.5 n
of .Del becco's nodified Eagle's nmedi um w thout fetal bovine serum The
mceée were tapped when bl oat ed and ascites fluid was collected in
heparin at approximately 10 20 units4yl. Ascites fluid frommultiple mce
was pooled to provi de a conveni ent vol une for subsequent isolation of

t he nonocl onal 1gG The anti bodies were precipitated fromascites
fluid using 50% anmoni um sul fate, and then reprecipitated two 25 nor e
times. The anti-VIII1:C antibodies so rai sed correspondi ng

1 precutsor 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

ﬁ;=92.000 and M_=79,000-80,000 po}ypeptides 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 Mr=92.000.

10

These monoclonal antibodies can be prepared by the
general steps of purification of humaﬁ factor VIII:C; raising
15 wonoclonal antibodies to the purified VIII:C; partial digestion
and activation of purified VIII:C to produce the polypeptide
coﬁplex described above, including identification of the

specific polypeptides; reaction of the anti-VIII:C antibodies -

20 uith the products of the activation; and characterization of an

ancibody-by identification of the polypeptide(s) with'which ic
teacted.

25 111 below. Alternatively, one can prepatre an antibody by

fsolating the particular polypeptide of interest from the

This sequence is set forth in more detail in Examble

partial thrombin digestion products, for imstance-by
immunoadsorbtion onto and then elu:ioﬁ-off of a column
3c comprising agarose to which is'coupled'a monoclonal antibody
~ known to react with the polypeptide oﬁ-incetesc. and then

raising a monoclonal antibody against ‘that polypeptide using

’ REPLACEMENT SHges
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to (B), (C and (D) above were bound to agarose beads and shown to bind

purified VII1:C fromsolution. 30 Separate batches of VIII:C, one
untreated and one subjected to thronmbin proteolysis, were then anal yzed
by the SDS- PACGE steps described in Exanple 1. Then, each band was

transferred el ectrophoretically (Wstern transfers) fromthe 35 gel onto a
nitrocel |l ul ose sheet. The apparatus used was

-32-
1 EXAMPLE T11

Monoclonal antibodies to human Factor VIII:C were

5 raised using the following procedure, starting from highly
purified VIII1:C which had been prepared by the process of U.S.
;;tent No. 4,361,509, | ’

Mice were injected with highly purified Eaccor'VIII:c

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

10

were injected intraperitoneally with a composition prepared by
'digsolving (or suspeydigg) lolpg of the protein in 0.1 @ml of
15 buffer containing 0.05 M Tris, 0.15 M sodium chloride, 0.021
" sodium szide, 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. Oa day 14, the mice were again
20 "injected with the same matetia% except that incomplete Freund's
ad juvant was substituted for complete Freund's adjuvant. On
day 21, the injection of day 14 was repeated. On day 38, che
mice were injected with purified VIII:C only. On day 42, the
e spleeas of the mice wete vemoved and fused according :6 a
standard ptocedufe. of the type described by J. P. Brown et al
“Protein Antigens of Normal and Malignant Human Cells
30 Identified by Immunoprocipitation with Monoclonal Antibodies",
JOURNAL OF BIOLOGICAL CHEMISTRY, Vol.-225, pp. 4980-4983
(1980) . fhe standatd technique was varied only to the extent
that 351 polyéthylene glycol 1000 was substituted for 50%

35 polyethylene glycol.
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-34- 1 Bio-Rad "Trans-Blot" cell, and Bi o-Rad Mddel 160.1.6 power
supply. (Bio-Rad Laboratories, R chnond, California). The transfer
buffer was 25 MM Tris with glycine added to pH 8.3, 5 20% net hanol .
Transfers were carried out over 16-24 hours at 90 volts and 100

m | 1) anperes. The specific pol ypeptides with which each of the -
anti bodi es reacted were determ ned using a procedure adapted 10 fromw
M Burnette, "Western Blotting: Electrophoretic Transfer of Proteins
from Sodi um Dodecyl Sul fate Polyacrylggide CGels to Unnodified

Ni trocel | ul ose and Radi ographic Detection 15 with Antibodi es and

Radi oi odi nated Protein A", Analyti cal Bi ochem stry, Vol. 112, pp.
195- 203 (1981). "Buffer D' was 10 M Tris chloride, 0.15 M
NaCl . O. 92% '

The antibodies were selected using the assay procedure

described above in Example I, in the paragraph with the heading

"Ptoduccion of monoclonal antibody against VIII:C", exéept that
S antibodies which did not neutralize VI11: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

beep pretreated inttraperitoneally 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 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

20 units/ml.

Ascites fluid from multiple mice was pooled to
provide a convenient volume for subsequent isolation of the

monoclonal IgG. The antibodies were precipitated from ascites

fluid using 50% ammonium sulfate, and then reprecipicéted two
more times.

25 . )
The anti-VI1I:C antibodies so raised corresponding

to (B), (C) and (D) above were bound to'agatose beads and shown
to bind purified VIII:C from solution. _

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

35

gel onto a nitrocellulose éheet. ‘Thé apparatus used was
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sodi um azide, pH 7.4. Al reactions were carried out at room 20

t enper at ure. 1. Pl ace the nitrocellul ose sheet with the
transferred protein in a tray containing 100 mi of Buffer D and 0. 25%
gelatin. Place the tray on a rotary shaker and shake 25 slowy for 30
m ndt.es. - 2. Then add the nonoclonal antibody to the tray
(either 0.1%- 1% of ascites fluid or 1 ng of purified IgG. 30 Shake for
120 m nut es. 3. Wash the nitrocel |l ul ose sheet as foll ows:
(a) 10 minutes with 100 m of Buffer I34- (b) 30 minutes with
100 M of Buffer D and 0.05 % of

Noni det-p-40 wth
changes at 10 and 20 m nutes.

1 Bio-Rad "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
10 antibodies reacted wete determined using a procedure adapted

from W. M. Burnette, fWestetn Blotting: Electrophoretic

Transfer of Proteins from Sodium Dodecyl Sulfate Polyacrylamide
Gels to Unmodified Nitrocellulose and Radiographic Detectiot

15 with Ancibodies and Radioiodinated Protein A", Analytical
Biochemistry, Vol. 112, pp. 195-203 (1981).

"Buffer D" was 10 mM Tris chloride, 0.15 M HNaCl, 0.621

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

20
temperature.

l. Place che ﬁittoeelldiose sheet with the

transferred protein in a cra&_containing 100 ml of Bufier D and

0.25% gelatin. Place the tray on a rotary shaker and shake

slowly for 30 minutes.
2.

25

Then add the monoclonal antibodf to the- tray
(either 0.1% - 1% of ascites Eluid.qf:I mg of purified 1g0G).
30 Shake for 120 minutes. | |
3. Wash the nitrocellulq#e-sheet aslfollqwsz

(a) 10 minutes with 100 qiibf Buffer D.

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

Nonidet-P-40, with cﬁéﬁges at 10 and 20 minutes.
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- 35- 1 (c) 10 mnutes with 100 mM of Buffer D
4.  Soak the nitrocellul ose sheet in Buffer D plus 0. 25% gel atin and
1[err]-labelled purified rabbit anti-nouse 5 1gG for 30 m nutes.

5. Wash the nitrocel |l ul ose sheet as foll ows: (a) 10 m nutes
wi t-h 100 m of Buffer D.

(b) 16-24 hours with 100 m of Buffer
D plus 0.1% 10 ' :
-35-
1l (c) 10 minutes with 100 ml of Buffer D.
4.

Soak the nitrocellulose éheet fn Buffer D plus

0.25% gelatin and llzs-labelled purified rabbit anti-mouse

5 1gC for 30 minutes.
S. 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

had reacted,
2 (a) Prepare an autoradiograph of the nitrocellulose

sheéc. using standard procedures known in the liferafu:e.
(b) Compare Ehe autovadiograph with a nitrocellﬁlose
25 shee; onto which VIII:C waf transferred but which had been
stzafned 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 H=-108.000 and larger polypeptidés. one ot
the other of the polypeptides of Mt=54,000 or 44,000 present
35 in terminal tbtoébin digests, and no_ochét polypeptides. This
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Noni det P-40 and 0.5 M Nad . (c) 10 mntutes with 100 m of

Buffer D. 6. Bl ot .the nitrocell ul ose sheet between two sheets
15 of filter paper and then store the nitrocellul ose sheet. in a seal ed

pl asti c bag. 7. To determ ne which anti bodi es and pol ypepti des

had‘reacted. 20 (a) Prepare an autoradi ograph of the

nitrocel | ul ose sheet, using standard procedures known in the
literature. (b) Conpare the autoradiograph with a

ni trocel | ul ose sheet onto which VILRgC was transferred but which had
been 25 stained with Coomassie blue F.250 rather than reacted with

noncl onal anti body. These steps denonstrated that the
followi ng distinct 30 antibodies had been rai sed. Four -

anti bodi es reacted with the pol ypeptide of Merr]= 92,000, the Merr]

= 108, 000 and | arger pol ypepti des, one or .
1 demonstrates the origin of chese two latcer polypeptides from

the polypeptide of Mr-92.000 as the reéult of thrombin
cleavage. It also shows that two epitopes on the ¥ .=92,000
polypeptide survive that cleavage, 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 polypeptides of Ht=108.000 and
10 greater, but not with the polypeptide of M.=92,000 nor with
any of the polypeptides present in terminal thtombin digests.
This demonstrates that tﬁe Mt-79.0QO-80.006 doublet possesses
15 an epitope which is not present on the Mr-92,000 polypeptide;
and that the epitope is destroyed by-thtombin digestion of the.
M_ = 79,000-80,000 doublet. | | |
The reaction profiles of these five antibodies
20 indicate that the M_=92,000 and M_-= 79,000-80,000
polypeptldes derive from a common precursor ot ptecu:sors.
A sixth antibody reacted only with polypeptides of
25 =108 000 and greater. Since it did not react with any
polypepcides ptesent in terminal chtombin digests, the epitope
ui:b vwhich it reacted is destroyed by thrombin digestion. .
To prepare and store a biological preparation of one
30 or more of -these antibodies, the corresponding monoclonal 1gC
way be isolated from heparinized ‘pooled ascites £luid
imﬁediately after collection or a frozen portion of the stored

solution may be thawed. Regar&less of whether fresh or frozen
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the other of the pol ypeptides of Merr] =54,000 or 44,000 present 35 in

term nal

-36-

1l

10

15

20

25

30

thronmbin digests, and no ot her polypeptides. This

1 denonstrates the origin of these two |atter polypeptides from

-37-

matetrial 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 phosphace; monobasic monohydrate; 8.4

g sodium phosphate, dibasic anhydrous; 51.4 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

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

precipitated twice more with -SAS and the mikCUrg 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 centrifugation at 20%c. The dialyzed IgG is
adsorbed by stirring it with a 5% aqueous solution of aluminum
hydroxide at room temperature and centrifuging at 20% after

adsorption. The adsorption treatment is repeated at least

‘Ehree more times using 2.5% aluminum hydroxide solution for

each treatment after the first. The adsorbed IgG is btoughc-to
4°C and reprecipitated once with SAS as described above. The
precipitated pellets may be stored at -20%C until used.

Two preferred procedures for purifying the monoclonal
antibodies and maintaining biological preparations cancaining

them are described in P. L. Ey et al., "Isolation of Pure
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t he pol ypeptide of -Merr] = 92.000 as the result of thronbin cl eavage. It
al so shows that two epitopes on the Merr] =92,000 5 pol ypeptide survive

t hat cl eavage, and that these epitopes are not present on the Merr] =
79, 000- 80, 000 doubl et . A fifth anti body reacted with the
doubl et of Merr] = 79, 000- 80, 000, and with pol ypepti des of

M'err] =108, 000 and 10 greater, but not with the pol ypeptide of Merr]
=92, 000 nor with any of the polypeptides present in termnal thronbin

di gests. Thi s denonstrates that tB8-M err] =79, 000-80, 000 doubl et
possesses an epitope which is not present on the Merr] = 92.000
pol ypepti de; and that the epitope is destroyed by thronbin digestion of ’

t he 'Vie{;{d ;" 148 opchao,xgogbdm-hineg_lobuuns from Mod$me Seguwti on profiles
of these fivé anti%ﬁdi es 20 i'ndicate that the Merr]=9 ,330 and Merr] =
79, 000- 80, B9ihg Protpbh ArSePRAESseer | WFP%‘T%‘%%nV%’? rsBP* or
precursors. sixth ntihgdy_geac it he pol ypept i des
of 25 M297438:s 308 Hb&‘aﬁauﬁée%& ea?l._. ‘Si ﬁﬂg #'tepd%(égrilg{@%/tel\ggt stl th any

pol ypept i;dapupe caardc lional.eAnt tmid tieisr Gnes rAssiigést ElukddycPEAB L E1-Cedyj t

which it reacted is destroyed by thronbi j gesi.i on. ‘
| | Blue Chxltomatogra-pzy.“ yJ. Immuné ogdfcgq. Mechods, vol. 53, pp.

313-319 (1982).
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"To prepare and store a biological preparation of one- 30 or nore of these
“ 7 anti bodi es, t-he-cerrespondi-ng--monocl onal 1gC may be isolated from
hépari ni zed pool ed ascites fl uid:

. i medi ately after collection or a
%gfﬁgrp?:;;ﬁqm'“ lMJ“IHM'(ﬂ!“l sol uti on may be thawed. Regardl es_s.3(7)1i

-390.

1 WHAT 1S CLAIMED IS:

1. &a ‘actor VIII:C coagulant containing one
or more polypeptides characterized in that:

{i} one or more of the volypeptides exhibit
5 a band at a pqint corresponding to an M, of about 92,000;
or bands at points corresponding to Mr values of about
92,000, about 80,000, and about 79,000; of about 92,000,
about 72,000, and about 71,000; or of about 32,000,
about 80,000, about 79,000, about 72,000, and about
71,000: when subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis;
(ii) the coagulent exhibits specific coagu-
lant activity higher ghan 1800 Units/mg;
(iii) the coagulant exhibits the activity
15 i

in step (ii)} over a continucus period of at least
about 10 minutes; and

{iv) the coagulant exhibits human factor
VIIXI:C antibody binding.capacity.
' 2. The coagulant of claim 1 wherein in part
(ii) the specific activity is more than 5400 Units/mg.
3. The céaqulant of claim 1 or 2 ‘further
characterized in that it is free from o4~thrombin and
equivalent proteases 1n active form.

4. The coaqulant of any of claims 1 to 3
25 wherein the coagulant -is prepared by the digestion of

human factor VIII:C by o~thrombin or an equivalent
protease. :

10

20

S. The coagulant ‘of any of claims 1 to 4

vherein the coaqulant 1s essentialiy free of polypeptides
30 exhibiting bands at u above 92,000.
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1 material is used, the solution is brought to 4C and treated with an
equal vol une of phosphate buf fered saline solution (PBS) (PBS: 1.6 ¢
sodlun1phosphate nonobasi ¢ nonohydrate; 8.4 5 g sdﬂrﬁﬁfﬁhﬁsphate —ti-basi ¢

anhydrous; 61.4 g sodi um chl ori de; water to 7 Iit The
diluted ascites is preci pitated by dropw se addi t| mﬁ"ﬂm&ii’

4l err] C Centrifugations are preferably carried;o for
10 . mnutes (30.000 x g). The supernat ant sol ution of ascites is
precipitated twice nore with SAS and-#e m xture of precipitate and
supernatant |iquid stirred and centrifuged in the sane 15 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 dial yzed

X 6. A biological preparation containing a
factor VIII:C coaqulant of any of claims 1 to 5 in an
amount of about at least 1% by weight.

7. A biological preparat;ou of claim 6
5 containing from 30 to 95% by wex_ght of the coagulant.
8. A biological prep#ﬁ.ation of claim 6 or
7 containing from 60 to 90% by weight.
9. A bdiological pteparation of any of claims
6 to 8 di.ssolved in a pha.:maceutically acceptable saline
10 solution.

10. The method of making a factor VIII:C
coagulant, comprising the steps of
(a) digesting human factor VIII:C in a
digestion mixture with an effective amount of a protease
15 under digestion conditions to form the coagulant of claim
1; _ )
(b} discontinuing the digestion of step (a)
while the coagulant is still present in the digestion
mixture; and _ _
20 (c) recovering the resultant coagulant.
11. The process of claim 10 wherein the
human factor VIII:C has'previonsly been purified.
12. A process for recovering the coagulant
of claim 1 cha.racterized by a.dso:bing the coagqulant
25 in active form to an 1mmunoadsorbent containing a
plurality of monoclonal aneibodies to human factor
VIII:C epitopes and eluting the .coagulant from the
immunoadsorbent with an aqueousﬁsolution containing
calcium ions unde: ‘elution conditions effective to

30 desorb .the coagulant from the. immunoadsorbent without
denaturing the coagulant.

D! APDASIMT ©
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exhaustively against'PBS. Clots appearing in the dialysis bags
removed by centrifugation at 20[err]C. The dialyzed 1gGis
stlrrlng Ltwit-h-a—5%-aguegus sol ution of al um num

20 are
adsor bed by
hydr oxi de at room

nperature and centrifuging at 20[err] C after adsorption. The
adsorptlon mﬂlﬂmluﬂ"mnﬂigm ed at |east 25 three nore tines using 2. 5%
al um num h for each treatnent after the first. The

d reprecipitated once with SAS as

descri bed above. The 30 precipitated pellets may be stored at -20[err]C

until used. Two preferred procedures for purifying the
nonocl onal anti bodi es and nmai nt ai ni ng bi ol ogi cal preparations

cont ai ni ng them are described in P. L. Ey et al., "lsolation of Pure

adsor bed IgG'ls bfought to 4[err]CH?g

1 . 13.  The process of Claim 12 wherein the
solution contains up to about 1.0 M of calcium ion and

the solution is applied to the imminocadsorbent at up
to about 8 bed volumes per hour.

S 14. A process according to claxm 12 or 13
wherein the monoclonal antibodies are of class 1gG

and are produced by a hybridoma formed by fusion of

cells from a mouse myeloma and spleen cells from a

mouse previously'immnnized with human factor VIII:C,
10 the antibodies react with human factor VIII:C and

exhibit one of the following reaction profiles

with coagulant derived from human factor VIII:C:

(A) reacts with those polypeptides so derived of
15 M=92,000; ntfuso.ooq and greater; snd 54,000; and does not
react with those polypeptides so derived of Mr=44.000:
71,000; 72,000; 79,000; nor 80,000;
(B) reacts with those polypeptides so derived of
20 Mt=92.000; Mt-108.000 énd greater; and 44,000; and does not
react with those polypeptides so derived of M_=54,000;
71,000; 72,000; 79,000; nor 80,000;
éS | (C) rteacts with those polypeptides so derived of
¥.=79,000 and_SD.OOO: and ¥ _=108,000 and greatetr; and does
not react uith-thqse polypeptides so derived of gr-aa,ooo;
© 54,000, 71,000; 72,000; nor 92,000;
30 » teacté with those polypeptides so derived of
Mr-108.000 and higher; and does not react with those
- polypeptides so derived of M, less than 108,000;
e REPLACEMENT S -
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- 38- 1 IgC{errj, lg&2[err]' and Igderr] I munoglobulins from Mouse Serum

Usi ig Protein A-Sepharose." |Immunochem stry. Vol. 15. pp. 429-436; and in
C. Bruck et al.. "One-Step Purification of Mouse anoclonal Antlbodles

fromAscitic Fluid by DEAE Affi - Cel Bl ue Chr omat ogr
| mminol ogi cal Met hods, Vol. 53. pp. 313-319 (1982) ,

/illm I mll i IHI

-42-

1 wherein the M, values are determined by sub-
jecting the oolyoeotxdes to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis.

15. A monoclonal antibody of class IgG produced by a
5 hybridoma formed by fusion of cells from a mouse myeloma and
spleen cells from a mouse previously immunized with human
factor VII1:C, which antibody teacts?wich human factor VILII:C
10 and exhibits one of the following teaction profiles with

polypeptides derived from human factor Vf!IiC:

(A) reacts with those polipepcides so devived of
M =92,000; M =180,000 and greater; end 54:000; and does not
15 treact with those po}ypepcides so derived of Mr=&§.000;
71,000; 72,000; 79,000; nor 80,000;

(B) reacts with those poljpeptides so derived of
Mr*92.000; Mr=108,000 and greater; and 44,000; and does not
20 react with those polypeptides so derived of Mr=54,000;

71,000; 72,000; 79,000; not 80 000._

(C) reacts with those polypeptides so derived of

25 -79 ,000 and 80 000. and M =108, 000 and gteacer and does

not react with those polypeptides so derived of M, =44,000;
54,000, 71,000; 72,000; nor 92, 000

(D) reacts with those polypeptides so derived of

30 -108 000 and higher; and does noc react with those

polypeptides so derived of H less :han 108,000

wherein the M values are determxned by sub-
jecting the polypeptides to soduim: dodecyl sulfate-
35 oolyacrylamide gel electrophoresis.i
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VWHAT IS CLAIMED | S : 1. A Factor VIII C coagul ant consi sting

essentially (a) a conplex of a polypeptide of M = 92,000 and a

pal ypeptide of Merr] = 79, 000-80, 000; or (b) a conplex of a

pol ypeptide of Merr] = 92,000 and a pol ypeptide of Merr] =
71,000 - 72,000; or (¢) a conbination of conplexes (a) and (b) wherein

the conp N|f|c coagul ant activity higher than 1800 Units/ng.
2. The ﬂmmmm“u |It|m m 1 in which said polypeptides are conpl exed by an
agent whi ¢h Fs SusteptiBle to chelatjpp by EDTA

1 16. A monoclonal antibody according to
claim 15 having profile (B) or (C) recited therein,
further characterizéd in that it neutralizes the coagu-
lant activity of humgn'factor VIII:C when said factor

SVIII:C is bound to the antibody.

17. A biological preparation comprising an
antibody exhibiting :

{a) reaction profile A of claim 15 which is
essentially free from antibodies eéxhibiting the other

10 three of said profiles, or

{b) reaction profile B of claim 15 which is
essentially free from antibodies exhibiting the other
three of said profiles or

{c} reaction profile C of claim 15 which is

15 essentially free from antibodies exhibiting the other
three of said profiles oéh

' (d) reaction profile D of claim 15 which

is essentially free from antibodies exhibitiﬁg the
other three of said profiles.

20 18. A biological preparation comprising a
mixture of antibodies according to claim-1S which
exhibit reaction profiles A and B, which is essentially
free from antibodies according to claim 1S which
exhibit reaction profiles C and D.

25 19. A biological preparation comprising a
mixture of antibodies according to claim 15 which
exhibit reaction profiles A, B and C, which is essentially
free from antibodies according to claim 1S which
exhibit reaction profile D.

30 20. An immunoadsorbent column comprising
particles of a solid immunologically inert adsorbent
material bound to an antibody exhibiting profile (A),

(B}, (C), or (D} of claim 1S5.
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3. The coagulant of claim1 wherein at |east one of the pol ypeptide of the
conpd ex i s obtainable by a-thronmbin treatnent. 4. The coagul ant
according to any one of claim1l1l to 3 wich exhibits the follow ng features
(a) the coagul ant activity is higher than 4800 units/ng and is exhibited
over-a continuous period of at |least 10 mnutes; and ——b)-the_____
pol ypepti de fragnents have human Factor VIII:C anti body n‘ ndi nﬂ, capacity

44 i lllH Ul llll

2l1. A column accord:.nq to claim 29 where;n the
adsorbent material is agarose.
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- 40 - 5. The coagul ant according to any one of the clains 1 to 4
wherein the specific activity is nore than 5,400 units/ng. 6. The
coagUIant according to any one of claims 1 to 5, having a specific activity
whi ch exceeds 7,500 units/ng. 7. The coagul ant "according to any one of
clalns 1 to 6, haV|ng a specific activity which exceeds 10,000 units/ng.

8. * The coagul.ant according to any one of clains 1 to 7 which is free of
a [err] t hronbi n and equi val ent proteases in active form 9. The

- coagul ant according to any one of cla4%s 1 to 8, wherein the coagulant is
' Iyophlllzed

ABSTRACT

NEW FACTOR VIII COAGULANT POLYPEPTIDES
AND MONOCLONAL ANTIBODIES TO THEM

Polypeptides have been discovered which exhibit high

specific VIII:C coagulant activity.' Monoclonal antibodies to

the polypeptides are also disclosed;
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- The coagul ant of any “of .one of claims 1 to 8 dissolved in a

Vﬁ?iéﬁf?liﬂlﬂﬂllllmﬁﬂmﬂ 'Scii'rh?ﬁgs?l)“éhﬁnopeib b e .35 o S ol

t he st eps“of “cal difgesting Factor YLl 0 Bk g ,,,Y\)I;fh
thronbin or a simlarly acting proteasé under 2 ons S A i)
t he pol ypeptides of claiml; : ‘“_“*\ L

WHAT IS CLAIMED IS : .

1. A Factor VIII : C coagulant qonsisting essentially
(a) a complex of a polypeptide of M = 92,000 and a
polypeptide of My = 79,000-80,000; or
(b) a complex of a polypeptide of My = 92,000 and a
polypeptide of My = 71,000 -~ 72,000; or
(c) a combination of complexés (a) and (b)
wherein the complex exhibits specific coagulant activity

higher than 1800 Units/mg.

2. The coagulant of claim 1 in which said polypeptides
are complexed by an agent which is susceptible to
chelation by EDTA.
3. The coagulant of claim 1 wherein at least one of the
polypeptide of the complex is obtainable by a-thrombin
treatment.
4. The coagulant according to any one of claim 1 to 3 wich
exhibits the following features :

&;J (a) the «coagulant activity is higher than 4800

units/mg and is exhibited over a continuous period of at
'least 10 minutes; and

(b) the polypeptide fragments have human Factor VIII:C
antibody binding capacity.
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~ (b) discontinuing the digestion of step (a) while the poiuﬂm"u mﬂtu,lm
” present in the digestion mixture; and (c) recoverings Uy

coagul ant . 12. The process of claim 1l wherein the Factor VIII1:C has
previ ously been purified . 13. A pr Og£ss for recovering a coagul ant
according to any of clains 1 to 10 conprising the steps of (a)

adsorbing the coagulant in active formto an i mmunoadsorbent contai ning

nonocl onal . antibadies 1o Factor . VI1I:GC,__an | utin he

coagul ant Tsr'om the F%loaél s%rc%gﬁ‘tiu\l/ﬁ ¢ é”‘ﬁ‘%%ﬁ%oﬁ% é}g‘% ucfella&tﬁ"scgntttgi Ri ng

cal ci um i owbeneimrthel speohf torditivony Bf fmeokei than & déddoubitsbng.oagul ant
fromthe i munoadsorbent wi thout denaturing the coagul ant. 14. The
process of claim 13 wherein the solution contains up to about 1.0 M cal cium
ions and i $.appThed coeguhanti naeecradogr kentanyp ang abbuclsingedl vobulm per

hour . having a specific éctivity which exceeds 7,500 units/mg. -

7. The coagulant according to any one of claims 1 to 6,

having a specific activity which exceeds 10,000 units/mg.

8. The coagulant according to any one of claims 1 to 7
which is free of a o-thrombin and equivalent proteases in

active form.

9. The coagulant according to any one of claims 1 to 8,

wherein the coagulant is lyophilized.

10. The coagulant of any of one of claims 1 to 8 dissolved

in a pharmaceutically acceptable saline solution.

11. A wmethod for the production of a coagulant according to
any one of claims 1 to 10 couiprising the steps of : |

(a) digesting Factor VIII : C in a digestion mixture
with thrombin or a similarly acting protease under suitable

conditions to form the polypeptides of claim 1;

—
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15 A process accor_d”‘ng‘tn claim 13 or 14 wherein the nonoclonal antibodies

'blndto +C, and exhibit one of the following binding
profl I e I‘m/ml @F"ﬂl} ll des derived from human Factor VII1:C
I'n@ing to polypeptides derived fromthronbin digested
human Factor VII1:C which have a nol ecdfitar wei ght of 92,000, [err] 108, 000
and 44,000 but not binding to pol ypeptides derived from hurran Factor VIII:C
whi ch exhi bit a ?Oyblglscongwﬁulng the digestion of step (a) while the
polypeptides arg_present in the digestion mixture; and

(c¢) recovering the resulting coagulant.

12. The process of claim 11 wherein the Factor VIII:C has

previously been:purifiedl

13. A process for recovering a coagulant according to any of
claims 1 to 10_q¢m9rising the steps of .

(a) adsorbing the coagulant in active form to an
immunoadsorben£  containing monoclonal antibodies to Factor
VIII:C; and _'

(b) eluting the coagulaﬁt from the immunoadsorbent
with an aqueous solution containing calcium ions under
elution conditions effective to desorb the coagulant from the

immunoadsorbent without denaturing the coagulant.

14. The process of claim 13 wherein the solution contains up
to about 1.0 M calcium ions and is applied to the

immunoadsorbent up to about 8 bed volumn per hour.

15. A process according to claim 13 or 14 wherein the

) monoclonal antibodies bind to human Factor VIII:C, and

‘?{ exhibit one of the following binding profiles with
:' polypeptides derived from human Factor VIII:C :
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= 79 000- 80, 000 or those which exhibit a doublet of I\/[e 00
‘(b) binding to polypeptides derived fromthronbin diges]; %w ,
VII11:C which have a nol ecul ar weight of 92,000 [err] 1

. but not binding to pol ypeptides derived from human Factor VIII: C whi ch
.exhibit a doubl'e of Merr] = 79, 000-80%900 or those which exhibit a doubl et

L of Merr] = 71,000-72, 000; (c) binding to polypeptides derived

“from thronbin di gested human Factor VIII|:C which exhi b| t a doubl et of

‘Merr] = 79,0002

0, BODAERY %P [ AALYPEBBIGRR (HATNERt | BB HRATXMBENDi ndi ng

to polypepigigestéeriumee Faetdbh Rl .kkaehoen Vihdde @ %ﬂ@ﬂui@yﬁf:@gm' geul ar
- wei ght of 44,000, 54, 000, 92, 000 and to pol ypeptides which

exhibit a 98uBPeL DTN .00 and7 440000 UL bindipg) tej pelyRertddes
. pol ypeptldggrggé%/ < hORhh QN vk eétvﬂﬁéﬁbgﬁﬂlff@taoho%iét %é"g&e‘:h have

~a nol ecul ar wei

err] 108, 000 ut not binding to polypepti

“derived frem ?ﬁﬂ?@ﬁ BAcO®? OF| Ithosehiwichaaxhibib| écufeubligi P ¥F Fess than
108,000 71,000-72,000;

(b} binding to polypeptides derived £from thrombin
digested human Factor VIII:C which have a molecular weight of
92,000 = 108,000 and 54,000, but not bindihg to polypeptides
derived from human Factor VIII:C which exhibit a double of M,

k/ = 79,000-80,000 or those which exhibit a doublet of M, =

71,000-72,000;

(c) Dbinding to polypeptides derived from thrombin
digested human Factor VIII:C which exhibit a doublet of M, =
79,000;80,000 and to 2 108,000'polypeptides, but not binding
to polypeptides derived from human Factor VIII:C which have a
molecular weight of 44,000, 54,000, 92,000 and to.

'polypeptides which exhibit a doublet of M, = 71,000-72,000;

(d) binding to polypeptides derived from thrombin
digested human Factor VIII:C which have a molecular weight of
2 108,000 but not binding to polypeptides derived from human
Factor VIII:C which have a wmolecular weight of less than
108,000

wherein the molecular weights are determined by subjecting

the polypeptides to an SDS-PAGE under reducing conditions.
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\/\herel n the nol ecul ar wei ghts "are determ ned by subj ecting the polypeptides
“to an SDS- PAGE under reducing conditions.

- 43 -

ABSTRACT

NEW FACTOR VIII COAGULANT POLYPEPTIDES
: AND MONOCLOMAL ANTIEODIES TO THEM

Polypeptldes have been d1scovered which exhibit high

spec1f1c VIII:C coaoulant activity. UWMonoclonal antibodies to

s the polypeptides gFe also disclosed.
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