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This invention relates to new factor VIII 

polypeptides. that is. proteins. exhibiting coagulant 

activity. The invention therefore has utility in tbe 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 mammal~. 

It has long been known that plasma factor VIII plays a 

crucial role ~n blood coagulation, and that thrombin ·activates 

the coagulant _effect of factor VIII. Recent attempts to 

characterize f•ctor VIII have·postulated that factor VIII is a 

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

and VIII:R,·and have found coagulant acti¥ity to reside in ~he 

VIII:C po~tion. Studies of the effect of thrombin on factor 

VllI:C have led to the conclusion tha.t thrombin activates this 

facto~ by breaking it down into several smalle·r polypeptides. 

However, no prior studies have been able to associate 

tbroabin-induced factor VIII activation in humans with any 

defined polypeptides formed from human: factor VIII :c: 
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Fo-r instance, Hoyer and Trabold, in "The effect of 
th-rombin on human factor VIII", J. Lab. Clin. Med. 97:50-64 
(1981), sought to purify human.factor Vlll:C by immunoadsorbent 

5 chromatography using a polyclonal antibody to factor VIIl:R 

10 

raised in the rabbit. They then incubated the factor VIII:C 
with purified human J-thrombin, and ~etermined that small 
amounts of the thrombin activated the factor VIII:C whereas 
larger amounts activated it less or not at all. They also 
concluded that thrombin activation is accompanied by a decr·ease 
in the size of the protein, and they proposed a molecular 

15 weight of about 116,000 for the activated factor VIII:C. Most 

20 

25 

significantly, they.could not identify specific polypep~ides 
that retained factor VIIl:C activity and VIII:C antigen 
determinants. 

Fulcher, C.A. and Zimmerman, T.S. in "Characterization 
of the human factor VIII procoagulant protein with a 

heterologous precipitating antibody", Proc. Natl. Acad. of Sci. 
USA, 79:1648-1652 (1982) obtained highly purified human factor 
VIII:C from plasma concentrate by passing the concentrate 
through a column containing a monoclonal antibody to factor 
VIII~R., ·elut:ing. the VIII:C from tlie adsorbed Vlll:C/VIII:R 

30 complex, and concentrating the factor VIIl:C on a second 

35 

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 

t ; 

• ! 
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l purified material. The purified factor VIII:C prior to 

thrombin addition showed a wide array of bands on SOS-PAGE 

cort'esponding to polypeptides of vat'ious molecular weights 

5 

10 

(Mr)• including a relatively strong doublet at Mr of 80,000 

and 79,000, and at least six •dditional faintly staining 

polypeptides with.lar~er Mr including one at Mr about 

92,000. Addition of thrombin to the purified factor VIII:C 

caused the diminution or disappearance of all of the 

polypeptides shown prior to thrombin addition • 

. The ~oagulant·activity of the plasma concentrate rose 

15 following thro.mb.in addition to a maximum of three times that of 

20 

25 

the material prior to thrombin addition, and then diminished. 

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

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

material. 'lbat is, the thrombin had essentially the same 

activating effect"on the factor VIII:C in each case. Thus, 

whereas the ~u~ified factor VIII:C possessed a reported 

specific activity some 3280 times that of the starting 

material, one skilled in this art would conclude that the 

increase -in specific activity was due to the high degree of ' 

purification ci.c~ieved. There is no basis in this article for 

30 ascribing activ•ped coagulant activity to any specific one or 

more of the large·numbe1: of polypeptides associated with the 

bands observed in .the pu1:ified factor VIII:C prior to 

activation with thrombin. 
35 

f. 
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l The present invention relates to a factor VIII:C 

coagulant containing one or more polypeptides characterized 
in that: 

(i) one or more of the polypeptides exhibit 
5 a band at a point corresponding to an Mr of about 92,000: 

or bands at points cor:respondin9 to Mr values of about 
92,000; :about 80,000, and about: 79,000; of about 92,000, 

.about 7:2,000, and about 71,000; or of about 92,000, 

about 80,000, about 79,000, aboU:t 72,000, and about 
· 10 71, 000; .when subjected to sodium dodecyl sulfate-

polya¢rylamide qel electrophoreaiis; 
(ii) the coaqulent exhibits specific coaqu~ 

lant activity higher than 1800 Units/lllCJJ 
(iii) the coagulant exhibits the activity 

15 in step {ii} over a continuous period of at· least 
about .10 minutes; and 

{iv) the coaqulant exhibits human factor 
VIII:C antibody binding capacity. 

Other aspects of the invention include biological 
2() prepa;rations containing the coagulant, and the treatment of 

the clotting disorders ot hemophilia by adminis_terinq the 
coaqtilatjt or preparations thereof. Yet another aspect of 
the present invention comprises lllClkinq the coagulant, or 
a. concen~ated . preparation thereof·, by di9astinq human factor 

25 VIII:·C wi.th OC-thrombin, discontinuing :the digestion while 
the coai,~lant described above is present, and.recovering the 
C0&9Ul~~t:. A further as_pect of the invention is a process 

. for reeov•ring VIII: C polypeptides, without losinq coaqµ.lant 
.activ~~y, --from an immunoadsorbent 'con~ining monoclonal 

30 antibodte~ to factor VIII:C. . . 

O:xn·addition, the inven~ion includes a monoclonal 
anti~dy-_of class IgG produced bY :a hybridoma formed by 
fusionof'~ells from a mouse myel~ma and spleen cells from 
a mouse previously immunized with "hwr.an factor VIII:C, which 

35 antibody. r~acts with human factor VIII:C a.nd exhibits one 

. --·- ·----~--------------------- - ----
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l. of the followin~ reaction profiles with polypeptides derived 
from human factc;>r VIII:C: 

(A) reacts with those polypeptides so derived of 

Mr•92,000; Mr=lS0.,000 and greater; and 54,000; and does not 
5 

reac:t with thos_e polypeptides so derived of Mr=44.'000; 

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

(B) ~e~cts with those polypeptides so derived of 

10 Mr=92,000; Mr•l0.8,000 and greater; and 44,000; and does not 

react with tho.~e polypeptides so derived of Mr=54,000; 

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

15 

20 

(C) reacts with those polypeptides so derived of 

~'."79,000 and 8_0,000; and Mr=loa,ooo and greater; and does 

not react with thqse polypeptides so derived of Mr•44,000; 

54,000, 71,000; 72,000; nor 92,000; 

(D) teacts with those polypeptides so derived of 

Mr•l08,000 ~n<I higher; and does not react with those 

polypeptides s~ d·erivea·· ~f M~ less than 108,000;· 

wherein the Mr values are determined by subjecting 
25 the polypeptid~S to sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis. 

As indi~ated, the present inventio~ encompasses 
polypeptide coagu].a?)ts which exhibit factor VIII:C coagulant 
activity eel fabtorVIII:C lmmunoloqical behavior, and which 

30 show characteri~~ic:Mr.value(s) when analyzed by sodium 
dodecyl sul,.fate-.palyacrylamide gel electrophoresis (hereafter, 

:.: ., . 

"SOS-PAGE)~ By."polypeptide complex" hereinafter is meant a 
coagulant compi-°ijJ.n~ combinations of two or more polypeptides 
known to be pb,ysic;al.ly distinct, but also preparations contain-

35 inq only one dfl!l~ernible polypeptide, i.e.·, that which exhibits 

. -----· ----­- - ~--- - ---- -----
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. I. 

l a band at ~n ~r of 92,000. 
The d~·scription below showing the preparation of the 

·claimed coagµla,nt utilizes human fa,ctor VIII:C which has been 

highly purif~ed, in ordet to free the identification and 

5 characterizatJ~n of the novel product from the effects of 

extraneous poJypeptides. It should be recognized, though, that 

the invention .itself is not dependent· on how the starting 

10 
material has ·p.~eviously been treated, except where specifically 

indicated. Tb,t1 active factor VIIl;C polypeptides of the 

present invention can be prepared not only by digestion with 

thrombin as des:cribed in greater de~ail below, or with other 

15 similarly act·iri& .proteases such as Factor Xa, Factor IXa, or 
·,: .. 

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

in which the p·olypeptides of interest are produced by bacte-cia, 

yeast, or othet cells in~o which one or more genes for 
20 .. 

producing the.:i:>olypeptides of interest are inserted J:>y 

25 

techniques lc:rtc>1i~ to those of ordinary skill in the art. Either 
process for· P:t.oducing the cociplex of interest can be expected 

to produce tl'a!lcomplex in a mixture with one or more other 

polypeptides. 

Any piaa,sma or plasma concentrate containing human 

factor VIll:(:~~n be employed to adyantage. The novel 
... · .. 

30 coagulant. c~::~(.i>.repared from human, factor 

Vlll:C. which;h~~ l)een ultrapurified :,in accordance with the .. ·.;: ... · ,. . ,, 

process descl.'.ib~4 .in U.S. Patent No. 4,361,509, issued November 
··· .. , 

30, 1982, the ·di~closure of which is hereby incorpor"ated herein 

35 ' -..:.....-=:.--· .• ·._; -·----·····----·--··----- --·--------------······· 

this Sheet Has Been Re&laced 
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l by reference •. In that process, a source of factor VIII:C such 

as plasma or a plasma concentrate is passed through an 

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 VIIt:C is eluted 

and passed through a second column sucb as aminohexyl agarose. 

It should be noted that the second column can also be an 
10 

iinmunoadsorbent containing antibodies to factor VIII:C. The 

factor VIII:C should be kept free of o(-thrombin and other 

protease$. The factor VIII :C is c.9nveniently stored in a 

15 saline, buffered solution containing_, e.g., 0.3H calcium 

chloride, at a pH of about 6.8 to about 7.4. 

The human factor Vlll:C is then digested with 

o(-thrombin under conditions effective to form the polypeptide 
20 complex described below. The purified o(-tb-rombin can be 

prepared by the p-rocedure described by Fenton, J.W. II; Fasco, 

M.J.; Stackrow, A.B.; Aronson, D.L.; Young, A.M.; and 

Finlayson, J.S. "Human Th-rombin. P-roduction, Evaluation, and 
25 

Properties of. c(-Thrombin". J. Biol. Chem. 252: 3587-3598 

. (1977). 

The J-thtombin 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 Vlll:C that is sufficient to permit 

reaction with the .factor VIII:C, bu-t not so high that the 
I 

35 



0123945 
-a-

1 factor VIII:C degrades to inactive polypeptides before the 

desired act~ve polypeptide complex can be recovered. As an 

illustration, a preparation containing 200-400 units (0.2 

5 mg/ml) of factor VIIl:C per ml should be digested with about 

0.1 co about 0. 5 uni ts/ml of c<-t·hrombin. The digestion can 

proceed at room temperature; too.high a te~perature can 

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

the progress of the digestion. 
10 

the digestion is allowed: to proceed for a time long 

enough to permit the formation of the desired polypeptide 

15 complex. The optimum time will be from 0.1 to 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 minimal exper.imentation using aliquots of the 20 

25 

factor Vlll:C starting material belng treated. An optimum time 

is that which forms the maximal amount of t~e polypeptide 

complex exbibiting an Mr of ~bout 92,000, accompanied by the 

formation of a protein complex exhibiting an Mr doublet of 

about 79,000 and about 80,000, without degrading the Mr' 

92,000 polypeptide significantly~ The Mr 79,000-80,000· 

30 doublet may· po~sibly function ~~£er it has undergone 

35 

degradation to a complex exhib~·~{ttg a doublet at Mr values of 

71,000-72,000. The 71,000-72,000-'doublet alone does not 

exhibit faccQr VIII:C activity~ . 
·-·---.....:. ______ .:__~---··- --- --- - ----- ---------

,; 
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The dige:stion is then discontinued by adding to the 

reaction mixture. an effective LJmount of (p-amidinophenyl) 

methanesulronyl.fluoride (hereafter, "p-APNSF")or another 

5 thrombin inhil:dt.or~ The p-APMSF prevents the c:;(-thrombin from 

reacting furthe~ ~ith the factor VIII:G proteins, without 

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

should compris~.•~out 1.5 to about 2.5 millimoles per unit of 

lO ei{-thrombin activity initially present in the reaction mixture. 

p-APMSF can be obtained through Califor~ia Medicinal 

Chemistry Company, San Franci_sco, California, and its 

15 
preparation is 9.~·scribed in Laura, R~; Robinson, D.J!: and 

Bing, D.H. "(p~Amidinophenyl)me.thanesulfonyl Fluoride, an 

Irreversible Inhibitor of Serine Proteases", Biochemistry 

(1980) 19, 4859~4a~4. at 4861. 

20 

25 

The reaction mixture can then be treated to 

concentrate th11 pol.ypeptide complex comprising the present 

invention. Preferably, the polypeptide complex is concentrated 

with respect tQ o~ber factor VIII and non-factor VIII 

proteinaceous.111~terial, to provide the complex in a form which 

affords the very'high activity possessed by the complex in the 

purified form. Purification techniq~es include, for exampl~. 

30 ultrafiltratio~, ultracentrifugation:~ ion exchange, gel 

permeation chromatography, preparat,i,ve elect;rophoresis, 

isoelectric fo~using, and gel and a,ff ini ty chromatography. 

The desired complex can als'o be concentrated and/or 

35 recovered by passing the reaction. ~fxture, which can already 
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1 have been c:oncentrated by another technique, tht'ough an 

i!I'.I:lunoadsorbent column containing ariti-hurnan VIII:C antibodies,. 

or equivalent antibodies against VIII:C other than human, that 

5 t'eact with the polypeptide(s) of the complex. The antibodies 

are attached to ~ga-rose (see Example I below). Several 

antibodies vhich can be.used to concentrate the complex and/or 

isolate certain of the polypeptid«s thereof a-re desc-ribed 
10 

below. Th• active. VIII:C complex adso-rbs p-referentially to the 

column, and is then eluted from the column with a solution of 

calcium ions· (e.g., ·cacl2) which can optionally also contain 

t 15 a non-ionic surfactant. Suitable non-ionic surfactants include 

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

-X-405 (Eastm~n 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 ~ommerce having known chemical 

fotmulas. 

The amo·unts 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 Mor even up to 

1.0 M is sat.,isfa_ctot'y, and 0.25 M . .is pteferred. A surfactant 

30 concentration of. up to about l wt::~ t is satisfactory, and about 

0.1 wt. l i~ p~efetred. The el1,1~·nc, is applied to the 

iau:nunoadsotben.t C:olumn at about 1.:: ~o .about 8 bed volumes per 

hour, and prefer~bly about 3 to a~out 4 per hour. Too high a 
35 ·:, 
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l flow rate risks disruption of the column and non-absorption of 

the polypeptide complex. The skilled practitioner will readily 

adapt these guidelines to imciunoadscn:bent processes other than 

5 fixed-bed columns. 

10 

The VlII:C_polypeptide cocplex 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 concentr~t~ons can be lowered, and 

the surfactant preferably removed~. such as by dialyzing the 

solution against a buffer such as the VIII~C buffer used in 

15 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 wich 

hemophilic clotting disorders by adjusting the calcium content 

20 

25 

to be physiologically co~patible and injecting a sterile saline 

solution thereof. 

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 Mr doublet of about 

79,000 and about 80,000, some of whi~h can have undergone 

degradation co·exhibit an Mr doublet'.C)f about 71,000 and 

30 about 72,000. In its purified form, .this band or the group of 

these bands are essentially the only•~ands that appear. 

However, it will be appreciated that·the present invention also 

encompasses biological preparations ;~.,which less than 1001., 

35 

--- - . -··- ·-- ------ ----- __ "".. ___ ·----·-- ·---- ······-· 
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1 i.e., 95%, ~0%, or even 80%, 70\ or 60%, or even as little 
as 30\, 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 

5 VIII:C activity is due to the presence of the coagulant. 

T}:le protein complex of the present invention possesses 

specific VtlI:C coagulant activitr.{that is, activity per 

m.illigram o-f all protein present) higher than that exhibited by 

10 purified hu~an factor VIII:C, for instance human factor VIII:C 

purified ~y the process disclosed and claimed in the 

15 

. 
aforementioned U.S. Pa_tent No. 4,361.509. Indeed, the activity 

of the purified complex should be several times, e.g., 3 to 5 

times, that of purified human factor VIII:C, and is 

advantageously at least 10 times or even 50 times as active. 

Likewise, l>iological preparations comprising the complex of 

20 this inven~lon in association with one or more other proteins 

can be prep~red.which exhibit higher specific activity than 

that affor4~d in previously kno~n coagulant preparations. The 

specific aitivity of the complex, and of biologic~l 
25 preparatiolls containing i c·, is higher than 1800 Units/mg, 

advantageojJ$ly higher than 5400 Units/mg, and in more , . -
advantageous embodiments exceeds 7,500 and even 10,000. 

. . . : . . . . . 

Units/mg. :j1_referably, the s_pecif_ic activity of the inventive 
30 

preparations exceeds that of th~ purifie~ human factor VIII:C 
·: ·: 

used beret~- by a factor of 3 to ;5·, and more advantageously by 

at least 10 times, by SO, or ev~n':by 100 times. 

35 
-·---··-··-·-···-----·····---·-···--···- -··-···-·--

This SheetHas Been Replaced 
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The protein complex of the present invention, and 

biolo~ical preparations thereof, are characterized in that the 

enhanced activity described above remains present over a 

5 continuous peti6d of at least about 10 minutes and preferably 

10 

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

be stable for much longer. The coC1plex also possesses the 

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

it binds to an.antibody for human factor VIII:C. This can be . 
ascertained, for instance, by growing a monoclonal antibody to 

factor VIII:C as des~r~bed below, attaching the antibody to an 

15 agarose column, passing an aqueous sc;>lution of the complex 

through the column, and assaying the resultant solution fo"C 

factor VIII:C activity. 

A further desirable attribute of this invention is. 

20 that the polypeptides of Mr•92,000 and Mr=79,000-80,000 are 

stable, "Celative to native human factor VIII:C which is 

notoriously susc•ptible to proteolysis, degradation, and 

resultant loss of coagulant activity. This stability is 
25 

30 

35 

d.emonstrated by· the polypeptides' ability to survive the 

treatment steps described he-cein. 

----·---~·- ---·-- -

EXAMPLE·t 
·, . ' ..._ ,-~.;.. ~~ .. 

..r i ' ·-

This Example shows how factor VIII:C was purified from 

commercial concentrate and digested with purified o(-thrombin. 

i. ( 
,-:.._ -- ,,; 
'~ 1 

.. i; 



.:-

0123945 

-14-

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

identifj VItI:C polypeptides. At several s~lected points 

during the 'digestion, portions of the digestion mixture were 

5 assayed fo~ VIII:C (coagulant) activity, and for protein bands 

using SDS-PAGE. 

10 

15 

P~rification of VIII:C. All steps were at room 

temperaturt:t;o Chemicals were reagent grade. 40 bottles of 

commercial: factor VIII concentrate (provided by Armour 

Pharmaceot:ical) were reconstituted in 1000 ml of VIII:C buffer 

(0.02 M imldazole/O.lSM sodium chloride/0.l M L-lysine 

HCl/0.02'%. sodium azide, pH 6.8). This sample, which contained 

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

2.5 - 3.0.liter bed volume immunoadsorbent column. The column 

was cyanogen bromide-activated agarose (Sepharose 4B, 

20 Pharmacia, ·Piscataway, New Jersey), to which monoclonal 

antibodie'.s ·to VIII:R had been covalently bonded. The 

antibodies.were raised and attached to the column as described 

in the afot~mentioned U~S. Patent No. 4,361,509. The 

antibodies were precipitated ft'.om ascites fluid using 501. 
25 

ammonium s,1.ilfate~ reprecipitated two more times, and 'then 

attacbed.-t:(). the column at a de~sity of 2-4 mg/ml of Sepharose. 

30 The immunoadsorbent was pre-el~ted with 3M sodium thiocyanate, 

washed with Vlll:C buffer (0.02M imidazole HCl pH 7.0, 0.15 M 

NaCl, O.t M L-lysine-HCl, O.Oi'Z sodium azide), treated twice 

with 2mM:di-isopt'opyl fluorophosphate, and then the concentrate 

35 was addeci. 
- ·----· --- - -- - - --~-- ----· - - --
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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 VII!:C buffer containing 0.35 M calcium 

5 chloride. Active fractions were pooled and concentrated under 

10 

nitrogen pressure 100-fold in an Amtcon stirred cell with a 

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

buffer and applfed to a 4 ml column C)f aminoh~xyl-Sepharose 

(Pharmacia) equJlibrated in Vlll:C buffer containing 0.025 M 

calcium chloride, Vlll:C was eluted ln high concentration with 

VlII:C buffer containing 0.3 M calcium chloride at a flow rate 
.. 

of 10 ml/hr. Th_• e concentrated itrununoadsoi:bent pool was 15 
adjusted to 0.25 M calcium chloride and adsorbed twice for .l h 

.• 

each time with 1/1~ vol/vol of a mixture of monoclonal 

anti-fibrin_ogen, anti-fibronectin and anti-vWF antibodies which 

20 had been coupled to cyanogen bromide ... activated Sepharose. 

25 

Production of monoclonal antibody against VIIl:C. 

Monoclonal antibodies were produced as described in U.S. Patent 

No. 4,361,509 using purified VIII:C as immunogen. lbe 

antibodies were selected with a solid~phase assay in 

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

an enzyme-linked i~unoadsorbent (ELISA) detection system 

30 described in En:gvall,_ E. and Perlmanq, P. "Enzyme-linked 

immunoadsol:bent assay (ELISA), Quantitative assay of 
.· . . .. : .·.· 

immunoglobulin GH Izmnunochemi-stry a;:)f71-874 (1971)) using a 

peroxidase-antibody conjugate (Zymed:: 49.boratories, Burlingame, 

35 ~ .'. 
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1 CA). The 'plates were coated with 100 ng of purified VIII:C per 

well. The ELISA-positive culture supernatant of the clone 

selected for use in this study als·o inhibited plasma VIII:C 

5 activity. 

10 

Th:rombin activation time course analysis of purified 

VIII:C. Purified humano(-thrombin(sp. act. Z534 U/mg, final 

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

(final concentration 167 f&lml) in imidazole saline buffer 

containing 0.04 M Cac12• Buffer alone was added to a control 

aliquot. The solutions were incubated at room temperature and 

15 at various time intervals sacples of the Vlll:C-thrombln 

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 imidaz9le saline buffer 60 seconds before reaction with 

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

was l mM. The control aliquot was treated similarly with 
25 

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

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

activity using an activated partial thromboplastin time assay 

·3odescribed in the literature and then prepared for SOS-PAGE. 

SDS:-PAGE "Procedure A": 

Discontinuous SDS polyacrylamide slab gel 

.electrophoresis was performed based on the procedure of 
35 

11H1i11nr 
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l Laeaunli, U.K., Nature 227, 680-685, 1970. The "Procedure A" 

followed is: 

5· 

10 

15 

I. Sample Preparation 

2. 

Dialyze the protein sainple (ideally 50-100 
microliters containing 5.-60 micrograms of 
protein) against sampie buffer overnight at room 
t~mperature. If the s~mple contains calcium ion, 
include 10 millimolar ~~hylenediamine tetracetic 
aC::id (EDTA) in the sample buffer. 

Place the dialyzed sample in a ·cube and add 1/10 
volume of 101. SOS. Covet the tube with aluminum 
fpit.· Heat: the sample in a boiling waterbath for 
10 minutes. 

3 •. Remove the sample from the waterbathand_add to 
it 1110 volume of 500 millimolar dithiothreitol. 
incµbate it at 560C fo~4 hours. 

4. AllQw the sample to cool to room temperature and 
prepare it for layering onto the gel by adding 
stp~k glycerol solutiotj~o 101 final . 
concentration and stock bromophenol blue dye 
sblution to o.ost final ~oncentration. 

20 II. Pt'epat"aion·o·f stel solutions· (use deionized, distilled 
water} 

25 

30 

35 

1. Stock glvcetol solution: SOt glycerol 

2. 

3. 

Stock bromoohenol blue dye solution: 0.5t 
bromophen~I blue 

·., 

Lower g·e1 stock solution: 

18.2 gr.ams of Tris base 
4 ml of 10% SDS 
final volume 100 ml. 
Adju$.~>,pH to 8.8 with concentrated hydrochloric: 
acid• · f:i lter. · 

4. Upper')el stock solution: 

6.1 gram$ of Tris base 
4 ml· of .lOt SDS 
Final·v~lume 100 ml 
Adjust pH to 6.8 with 
acid. Filter. 

concentt:ated hydrochlot ic 
.f. 

-----·-- ··- --- - - ----· ---------

·. This Sheet Has Been Re0taced 

. m ~11111111~1 ~1111,111 ' ....... . 
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Sample buffer 

O.OlM sodium phosphate 
1.0% SDS 
10 millimolar disodium EDTA 
Final volume 1 liter 

0123945 

pH adjusted to 7.0 with sodium hydroxide or 
·phosphoric acid • 

. Acrvlamide stock solution: 

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

Stock electrode buffer solution; 

30.3 g Tris base 
144.l g glycine 
final volume 1 liter 

Electrode buffer 

100 ml of stock electrode buffer solution 
890 ml water 
10 ml of 101 SDS 

Stock Coomassie blue dye solution 

ll Coomassie blue R 250 in water 
··Dissolve with stirt'ing fot' at least 30 minutes at 
·room temperature and filter. 

Ainmonium persulfate solution 

l:Ol ammonium persulfate. 
Stored in dark at 4oc and made fresh every week. 

III. Gel Preparation and Running: Final acrylamide 
conc~n~ration • 7.li · 

1. Lower .. gel so.lut ion 

20 ml of lower gel 

Stock·lowe~-gel solution 
S;tock acry~.a·mide solution 
Water . •·•· 

· :N-,N,N' ,N'.-tetramethylethylenediam!ne 
CtEMED) 

101 ammoni-um persulfate 

5 ml 
5 ml 

10 ml 
• 005 "11 

0.1 ml . 
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Upner gel solution 

10.ml of upper gel 

St:oc:k upper gel solution· 
Stock acrylamide solutiotl 
Wate.r 
N~N~N',N'-tetramethylethylenediam{ne 

. (TEMED) 
101. ammonium persulface 

0123945 

2.5 ml 
LO ml 
6.5 ml 
0.01 ml 

0.03 ml 
3. Ptocedure: 

a. 

b. 

c. 

d. 

e. 

f. 

Prepa~e the slab gel apparatus for a 14.S cm x 
9~0-.¢m x 0.8 iJun slab gel. The apparatus is a 
s~a~dard gel electrophotesis apparatus, 
avai}:able, for instance,· from Hoe.ffer Scientific 
Ins·c~uments, San Francisco, California. 

Mi.x ·a:ll lower gel ingredi~nts except the TEMED 
arid ·.ammonium persulfate iri a 50 ml vacuum flask 
and· ,d.e-aerate. Then· add ·the TEMED and ammonium 
pe.t!;ulfate, mi·x gently ~nd pour the lower gel 
i~ediately. Layer the lower gel with 
water-.saturated butanol and allow it co 
poiyaierize undisturbed for· at least l hour, 
pr.efe:r~bly 2-6 hours. 

Pou·r off the butanol layer and rinse the top of 
the lpwer gel ~ith the cdmplete upper gel 
mixt;µre. (The u.pper gel mixtut'e is pt'epared, 

. d~;:..ael:ated anti tEMED and, '. .• immonium persulface are 
add~d as for the lower gE!l above). 

Pour the upper gel and insert the comb into the 
uppe~ g.el allowing at least 1. 0 cm between the 
bottom of the comb teeth and the upper gel-lower 
ge1·.interface. Fill with upper gel solution ~s 
full as possible. Allow upper gel co polymer1z~ 
a~ least l hour before runhing the gel. 

To -~~move the comb, pipeth ~l~ctrode buffer over 
th~ top of the upper gel.~nd gently remove the 
comb• ·Rinse the upper gel wells with electrode 
butfer several tim~s. ·· 

Asseinble the a.pparatus fo~ running and add 
ele~ttode buffer. Apply tJ1e sample(s) by 
lay~ting itirteo the upper::gel wells underneath 
the l;luffer l_ayer. . .• 

. ·, 

·-:;, 
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g. Run the gel using con~tanc· current: 

8 milliamperes while saClples are in the upper gel 
and 15 milliampere~whi.le samples are in the 
lower gel. Stop the electrophoresis when the 
bromoph~nol blue dye fron~ is 1.0 cm from the 
bottom of the lowe~ gel. 

IV. Fixing and Staining the g~l 

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

2. 

Fix the gel at least 9vernight in a sealed 
chamber in a solution·'contair:iing 251 isopropanol. 
101 acetic acid, 10 ml of ll Coomassie blue stock 
solution, final volume 400 ml. 

Next, soak the gel at least l hour in 101 
isopropanol, 10"%. acetic acid and LO ml of l"L 
Coomassie blue stock solution, final volume 400 
ml. 

3. Soak the gel about 4.hou-rs in 101. acetic acid 
with changes o-r until completely destained. 

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

Approximate'ly 5-20 g of protein was applied to the gels. 
VIll:C M.rs 1.1.ere calculated for ·reduced samples by 
semiloga'C~tbmic p~ots of Mt. versus migration distance. using 
reduced fibr:onect1n (Mr 200. 000). phosphorylase b (M-r 
95,000), bovine serum albumin (Mr 68,000), and IgG heavy 
chain (Mr 5();000),. and ovalbumin (M,r 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. 

30 

35 

Results. The specific activity of the purified factor 

Throm~in <1ctivation of purified Vlll:C was 2000 units./mg. 
'· .. 

Vlll:C activity was analyzed over:. a :60 minute time course. 
:'. ·, ... 

Before thro.ribin exposure the untr,~ated VIII :C sample showed the 
=::.::· 

characteristic array of VI n: c fo;~~:s., ranging from a doublet at 
,,. 

: ,. : --::~. . 
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l Mr • 7-9,000-80,000 to a band at Mr = 188,000. A band above 

Mr = 188,0~0 and two bands below Mr = 79,000 di~ not bind 

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

5 bands between Mr=79,000 and Mr=l88,000 did bind to the 

anti-VIII:C antibody. 

10 

During the first 5 minutes of the thrombin activation time 

course, all but ~ne of the monoclonal anti-VIII:C antibody 

reactive bands with an Mr greater than 92,000 gradually 

disappeared and were undetectable when VIII:C activity reached 

its peak at 5 minutes. 

15 A band at Mr.• 122,000 appeared thrombin-resistant in only 

20 

some experiments, but after extensive thrombin treatment 

neither this band nor any other band was reactive with the 

immobilized monoclonal anti-VI II: c. antib~dy·. 

A band at Mr • 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 Mr• 

. 
25 

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

min. as VIII:C activi.ty decreased. Two ~ands, _at Mr"• 54,000 

.and Mr• 44,000, became clearly visible from 5 to 60 min. ' 

The Mr • 44,000 band also appeared a& a doublet in some 

30 experiments. The Mr - 71,000-72,000 doub.let, the Mr • 

5'4,000 band and the Mr • 44,000 b.Jnd we-re not removed to a 

significant deg-ree by the ir.:u::obilized monoclonal anti-VIIl:C 

antibody. 
35 
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Scanning and integration of the gel discussed above 

allowed correlation of changes in polypeptide concentration 

with changes in VIII:C activity. The results are shown in the 

5 Table. ~s shown, the Mr = 92,000 band increased and then 

decreased in concentration in parallel with VIII:C activity. 

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

VIII:C whose concenttation incteased ~ith thrombin activation. 

lO The Mr = 54,000 and Mr a 44,000 bands increased steadily in 

concentration between land 40 mi~., even after activity of the 

mixture declined. 

15 
Most of the Mr • 79,000-80,000 doublet was lost 

during the first O.l to 10 min. as VIII:C activity peaked, 

while most of the Mr • 71,000-72,000 doublet appeared during 

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

20 These data suggest that the Mr • 71,000-72,000 doublet was 

derived from the Mr • 79,000-80,000 doublet and that the Mr 

I
I 

1 consistant with the retention by the Mr • 71,000-72,000 

= 11,000~12,ooo doublet is inactive by itself. These data are 

! 25 -, doublet of the ability to complex with the Mr - 92,000 
r 
/ polypeptide: this complex would also have activity. 
I 

l Direct evidence that the Mr • 92,000 polypeptide is 
i "•·•-·• H•-··-- - •• • - •• • . 

30 sq_mplex_~d wi.!_~--.~~!_Mr • 79,000-80,000 doublet derives fl:om 
. --· _ ...... ~ . ·- -- . -~:· . ... .. - - . . 

experiments utilizing the anti~Vlll:C monoclonal 

\ . ; 

immunoadsorbent. It was first shown that the monoclonal 

antibody reacts predominantly wi~·b the Mr = 79,000-80,000 

35 doublet and not with the Mr • 92,000 polypeptide. This "'as ! 
; 

--··· -------- .... -·····-··--·-·· ·-···- -- ·---- -·---· - --·- ·--~··· 
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1 shown by electrophoretic transfer experiments. Then it was 

shown that the monoclonal anti-in-.munoadsorbent recioved both the 

Mr = 79, 000-80, 000 doublet c:Jnd the M.r=92, O?O polypeptide 

5 from the solution. The Mr=92,000 polypeptide could be eluted 

ft:om the ant i-VI·II: C immunoadsotbent colucn with 10 tnM EDTA, 

whereas the Mr=79,000-80,000 doublet remained bound. The. 

doublet could be subsequently.eluted with 3M sodium 
10 

thiocyanate. These experiments deaonstrated that the 

Mr=92,000 polypeptide bound to the iinrnunoadsorbent because it 

was complexed with the Mr=79,000-80,000 doublet and that it 

15 was this doublet which bound d h:ectly to the iuununoadsorbent. 

20 

25 

30 

35 
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'rime (min) from 

~ 

addition of thrombin 
to addition of e-APMSF: 

Activity of 
digestion mixture 

/"11ount of each poly-
pep~ide (Mr) present, 
as l of total pro-
tein present: 

... Mr ... • .·· .... 9~ .• 00(). 

M ..;·· 79~S0,000· .. 
r 

Mr • 71-72,000 

M • r 

Mr • 

54,000 

44,000 

__i_::f 
; ·;<;;' en 
!!!!llmlliiiiii ::r 
.. . 2 

. . .... 
·~ 
Cl> 

. . co 
g 
= --.r = §. 

' 1· 

; , 
I 

O* 

300 

7.3 

21.9 

o.o 
4.9 

o.o 

I\) 
U1 

0.1 

900 

9 •. 5 

18.8 

9.. 0 

5.9 

o.o 

l 

1300 

I\) 
0 

11.l 

16.l 

11.2 

5.1 

o.o 

2 

1350 

11.5 

12.9 

12.9 

5.1 

3.1 

I-' 
V1 

5 

1400 

11.8 

11.0 

16.5 

7.1 

3.7 

10 

1250 

9.6 

a.-4 

15.9 

9.4 

5.9 

I-' 
0 

20 

800 

7.3 

·9.0 

15.7 

10.2 

. 6.1 

JO 

375 

6.7 

8.6 

18.8 

11.8 

7.2 

* Measurements just prior to addition of o(-thrombin 

Activity is in Factor VIIl:C units/ml 
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l EXAMPLE II 

This Example describes the results of treating 

5 purified human factor VIII:C with purified human activated 

protein C (heteaftet', "APC"), a known anticoagulant enzyme. 

Human Factor VllI:C was pu~ified as described above. APC was 
purified by the procedut'e described in Marlar, R.A. et al., 

lO "Mechanism of a1:;tion of human .activated protein C, a 
thrombin-dependent anticoagulant enzyme." Blood, Vol. 59, 1067 
(1982), except that a mono S column of a Pharmacia FPLC system 

was used to sep~rate APC from thrombin. 15 

20 

25 

30 

Assays: Samples were assayed for VIII:C activity as 

described above.using an actiyated partial thromboplastin time 

assay with hemophilia A plasma substrate. 

Preparation of samoles for electrophoresis: Since 

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

various ti~es by addition of 1/10 volume of 100 mM EDTA 

containing 10 uM DAPA t~ the VIII:C· + APC al"iquots as well as 

to the control VJlI:C and APC aliquots. A 1/10 volume of 101 
sodium dodecyl sulfate was then added to these aliquots. They 
were then heated in a boiling wate.r~ath for 5 minutes and 

. . 

subsequently diaiy~ed ·for SDS-PAGE as described above. 

Discont.inuous sodi.um dodecyi sulfate 7.51 

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

staining with ·cp.omassie blue R250 ari4 sca,~~~-~-~ .. ~-nd integration 
... -·- -····-····-···------····· ·-----··· ----·-·- -··-

35 of the gel were as described above. 
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l S.:unole oreparation: A 339 fg sample of VIII:C in 0.3 

ml of VIIl:Cbuffer containing 0.3 M calcium chloride was 

dialyzed overnigh·t against buffer (50 mM Tris-chloride, 0.15 M 

5 sodium chlo-ride, 5 mM calcium chloride, 0.024 sodium azide, pH 

10 

7.4). To the dialyzed VIII:C sample was added l.095 ml of 

buffer~ 90.:f~ of rabbit brain cephalin (Sigma Chemical Co •• St. 

Louis, MD, r.econstituted, stored and thawed according to 

manufacturer's instructions) and 15 fl of 1 mM dansylarginine 

N-(3-Ethyt._·],. 5-pentanediyl) ~mide {"DAPA), to give a final DAPA 

concentra~ion of 10 pM. The DAPA was included to inhibit any 

trace amoun.ts of thrombin present in the APC since io ,uM DAPA 15 I 

does not significantly inhibit APC. The final volume of the 

sample was 1.5 ml and the final VIII:C concentration was 226 

f&fml. Fou·r hundred microliters of the l. 5 ml VIII: C sample 

20 were withdrawn and set aside as a control (designated VII I: C). · 

To the remaining 1.1 ml was added 20 J11 (10 ug) of APC giving a 

final APC c:on.centration of 9 fg/ml (designated VIII:C + APC). 

A second control sample was prepa'Ced containing all components 
25 

at similar concentrations except that VlII:C was omitted 

(designated APC). 

Timepoints: Vlll:C alone; the mixture of VIIl:C'and 

3o APC, and AP.C :.al~ne were placed in a 370C waterbath and at 

given timep9irits aliquots were withdrawn for SOS-PAGE and/or 

VllI:C ac~t~i~y assay. It was al~o determined in control that 
-~: 

APC remairi~d ~ctive in the hydrolisis of the synthetic 

35 substrate 5-2238 after prolonged $ncubation at 37°C. 

1tiii~fiir ~ .. 

I . 
I• 
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1 Results: Digestion of purified VIII:C with APC was 

associated with loss of approximately 85% of Che control VIII:C 

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

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

10 

and 188,000 and generation of a polypeptide of Mr=45,000, 

while leaving the doublet of Mr = 79-80.000 intact. 

A time course inactivation of purified VIIl:C by APC 

showed the progressive disappearance of specific VIII:C 

polypeptides as VIII:C activity decreased over a 360 minute 

time course. Scanning and integration of the gel showed that 

15 the polypeptide Mr = 188,000 and the polypeptide of Mr • 

92,000 decreased in parallel with V!II:C activity. 

One other polypeptide of intermediate Mr was cleaved 

by APC but it was not easily·quancftated by gel scanning. In 

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

polypeptides of ·Mr= 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 Mr • 45,000 appeared to increase in 

concentration as the polype_ptides of Mr • 188,000 and 92,000, 

decreased suggesting that it is a proteolytic fragment derh:ed 

30 from them. No other digestion products were visualized with 

Coomassie blue. 

As shown in Example 1, during·thrombin activation_ of 

Vlll:C the Mr = 92,000 polypeptide inti:eased and dec~eased in 

35 
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1 parallel ~ith VIII:C activity. In order to determine whether a 

linear relationship existed bet~een proteolysis of the 

polypeptide of Mr = 92,000 and !;he loss of Vl!I:C activity, 

5. the data of this time course in.activation run were re-plotted 

10 

to examine p•rcent VIII:C activity versus percent of 

polypeptide of Mr • 92,000. The amount of VIII:C act_ivity 

appeared to be proportional to the amount of the polypeptide of 

Mr .. 92,0QO. 
. 

A fu-cther aspect of the present invention comprises 

monoclonal ai'l'tibodies which are ,specific in an unforeseeable 

15 way to the various pol~peptides which are ~~!..m~~---b~ the 

reaction of factor VIII:C with a protease such as 

alpha-th-combin. Each antibody reacts with human factor VIII:C 

which has not been activated nor digested with thrombin or 

20 equivalent proteases. The antibodies are further characterized 

by their individual prope~tiesi as follows: 

(A) One reacts with the Mr=92,000 polypeptide 

described herein, with polypeptides of Mr•l08,000 and larger, 
25 

and with ~he ~o~ypeptide of Mr • 44,000 which is present in 

terminal-thrombin digests. It does not -ceact with the-
. . 

polypeptide descr~bed herein wh~ch exhibits a doublet of Mr = 
. :·., 

30 79,000-SDiOOO, nor with the p~l~peptide described herein which 

exbibitsa doublet of Mt'• 71,000-72,000. 

35 

(B) One reacts with t.he Mr•92,000 polypeptide 

described<here:in, with polypep.tide-s of Mr=lOS,000 and larget". 

l1i1i1i11Elf . . .; .. 

I 
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1 and with the polypeptide of Mr = 54,000 which is present in 

terminal thrombin digests. It does:not react with the 

polypeptide described herein which exhibits a doublet of M = 
r 

5 79,000-80,000, rtor with the polypeptide described herein which 

exhibits a doublet of Mr = 71, 000-72, 000. 

(C) One reacts with the doublet of Mr•79,000-80,000 

and polypeptides of Mr•lOS,000 and greater, but not with the 
10 

polypeptide of Mr~92,000, nor with the polypeptides of Mr • 

71,000-72,000, Mr•54,000, nor Mr=44~·ooo. 

(D) On.e reacts only wi·th polypeptides of Mr=l08,000 

15 and greater. 

Each of these antibodies can be used to concentrate 

the complex described above, from mixtures which also contain 

other .polypeptides. One such ~ixture is produced by partial 

20 digestion of human factor VIII :C with d-thrombin or an 

equivalent protease. Another such mixture is that produced by 

recombinant DNA techniques in which a desired polypeptide o-c 

complex is expressed by a microorganism and must be recovered 
25 

30 

35 

fr.om a mixtu-ce with other proteinaceous compounds. Antibody 

(A). (B), (C) or (D), or a combinat~ion of two, three, or all of 

them, can be attached to an immunoadsorbent column in the. 
·. _; -~ : ~-; 

manner described in Example 1, and\~ feed solutio·n of the 
·.··:.; 

mixture containing the polype.ptideCs)' comprising the complex is 

poured· through the column. Those':~~lypeptides having Mr of 

92,000, 79,000-80,000, and 71,000~1'2,000 which are present in 
/' 

····--·-·- --------- -- -·- --- ------ -·-- -· 

/ .. :··. 
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l the feed solution adsorb onto the column, from which they can 

be eluted ~s taught hereinabove after the source solution has 

been washed thtough the column. ·The resulting eluted solution 

5 is thereby concentrated in the d~sired activated VIII:C complex 

10 

. 
compared to the feed solution. 

The new antibodies are. also useful for analytical 

purposes, to detect the occurren.ce of the reaction of human 

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

ability to react with products of that reaction.. An antibody 

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

15 found which neutralize VIIl:C ~o~gulant activity when either is 

bound to factor VI II: c.· This additional property can be of 

value in the diagnosis of hemophilia-related 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 .. b~nd 

of M =92,000 contains (at least) two epitop~s (i.e.· antibody r . 

binding sites) ~hat are not destroyed by thrombin digestion and 
25 

are not present on the polyp~ptides which exhibit the doublet 

of Mr•79,000-80,000 nor. the doublet of Mr=71,000-72,00!). 

One of these ·epitopes is also present on the polypeptide of 

30 Mr•44,000~ and the other _on th7_.polypeptide of Mr=54,000. 

35 

Thus. the Mr=54,000_ and Mr•44,0:00 polypeptides derive from 

the Mr•92,000 polypeptide. Al.s!o_, the Mr=92~000 and 

Mr•79,00Q.,.80,000 po~~~-~~~!-~.e-~_j_~e---d-~~ived from a common 
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'. .1 precut:sor or p:recur sors. The discovery of antibodies having 

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

VIII:C coagulan~ activity is further ,support that the 

· 5 Mr=92,000 and Mr=79,000-80,000 polypeptides are i'mportant 

10 

to the coagulant function. The polypeptides exhibiting the 

doublet of Mr=19,000-80,000 contain an epitope which is 

destroyed by thrombin digestion and which is not present on the 

polypeptide of ·Mr=92,000. 

These ~onoclonal antibodies can be prepared by the 

general steps of purification of human factor VIII:C; raising 

15 monoclonal an-t·ibodies to the purified VIII:C; partial digestion 

and activation of pu-cified VIII:C to produce the polypeptide 

complex descriped above, including identification of the 

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

20 with the produtts of the activation; and cha-cacterization of an 

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

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

III below. Alternatively, one can prepare an antibody by 

isolating th•p~~ticular polypeptl~e of interest f-com the 
25 

partial th-com))i~ digestion products, fo-c instance by 

immunoadsorbtlon onto and then elu.tion off of a column 
. 

3c comprising agato:se to which is coupled a monoclonal antibody 

35 

known to reac.t: with the polypeptide: 9:f interest' and then 

raising a mo~oc}.onal antibody against that polypeptide using 

the procedure d4!SCt' ibed in Example n.:1. 

iii111r11ur 
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l EXAMPLE 111 

Monoclonal antibodies to human Factor VIII:C were 

5 raised using the following procedure, starting from highly 

purified VII!:C which had been prepared by the process of U.S. 

Patent No. 4,.361,509. 

Mice were injected with highly purified factor VtII:C 
10 

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

were injected intraperitoneally with a composition prepared by 

dissolving (ot suspe~ding) lOjlg of the protein in 0.1 ml of 

15 buffer containing O.OS M Tris, 0.15 M sodium chloride,.0.02t 

sodium azide, 1 m!-i phenyl methyl sulfonyl fluoride, trasylol 10 

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

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

20 ·injected with the same material except that incomplete Freund' s 

adjuvant was substituted for cooplete Freund's adjuvant. On 

day 21, the injection of day 14 was repeated. On day 38~ the 

mice were injected with purified VIII:C only. On day 42, the 
25 

30 

spleens of the mice were removed and fused according to a 

standard procedure, of the type described by J. P. Brown et al 

"Protein Antigens of Noi:mal and Malignant Human Cells 

Identified by Immunoprocipitation with Monoclonal Anti"bodies", 

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

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

that 351 polyethylene glycol lOOOwas substituted for 50% 

35 polyethylene glycol. 

, 

\' 
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l The antibodies were selected _using the assay procedure 
described above in Example I, in the paragraph with the heading 
"Production of monoclonal antibody against VIII: C11

, except that 
5 antibodies which did not neutralize VIII:C activity were also 

subcloned and treated as described below. 

The clones which were pos.itive were subcloned twice 
and stable clones producing antibody to VIII:C were then 10 -
injected into the peritoneal caviti"es.of Balb/C mice which had 
bee~ pretreated intraperitoneally with 0.5 ml of pristane at 
least f~ur days prior to injection of cells. Hybridoma cells 

15 were injected at concentrations of approximately 5 x 106 . 
cells pe~ mouse -in 0.5 ml of Delbecco'~ 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 subse~uent isolation of the 

25 

30 

monoclonal IgG. The antibodies were precipitated from ascites 
fl,uid using 501 ai:nmonium sulfate, and .then reprecipitated tto10 
more times. The anti-VIII:C antibodies so raised corresponding_ 
to (B), (C) and (D) above.were bound to agarose beads and shown 
to bind purified VIII:C from solution. 

Separate batches of VII I :C, one untreated and one 
subjected to thrOlllbin proteolysis, w~r~;then analyzed by the 
SOS-PAGE steps described in Exa.:iple L. , Then, each. band was 
transferred electrophoretically (Weste~rn transfers) from the 

35 gel onto a ni tr·ocellulose sheet. The·.:apparatus used was 

;''::.· 
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1 Bio-Rad "Trans-Blot" cell, and Bio-Rad Model 160. l. 6 power 

supply. (Bio-Rad Laboratories, R.'fohmond, California). The 

·transfe-r buffer was 25 mM Tris with glycine added to pH 8. 3, 

5 20l methanol. Transfers were ~arried out over 16-24 hours at 

90 volts and 100 milliamperes. 

10 

Tbe specific polypepti"des with which each of the 

antibodies reacted were determined using a procedure ad.apted 

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

Transfer o.f Proteins from Sodium Dodecyl Sulfate Polyacrylamide 

Gels to Unmodified Nitrocellulo.se and Radiographic Detection 

15 with Antibodies and Radioiodinated Protein A", Analytical 

Biochemistry, Vol. 112, pp. 195-·203 (l981). · 

20 

25 

0 Buffer D" was 10 mM Tris chloride, 0.15 M NaCl, 0.02't 

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

temperature. 

1. Place the nitrocellulose sheet with the . . . 

transferred protein in a tray c:ontaining 100 ml of Buffer D and 

O. 25% g_elatin. Place the tray on a rotary shaker and shake 

slowly for 30 minutes. 

2. 1ben add the ~onoclonal antibody to the, tray 

(either 0.1; - ll of ascites fluid or i mg of purified IgG). 
'•' 

30 Shake for l20)ninutes. 

35 .... 

·3. · Wash the ni troceli:ulose sheet as follows: 

(a) 

(b) 

, .. 

~O minutes with 10 .. 0 ml of Buffer D. 

30 minutes with 1,0'0 ml of Buffer D and 0.05 'L of 
. 

Nonidet-P-40, with changes at 10 and 20 minutes. 
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(c) 10 ~inutes with 100 ml of Buffer D. 

4. : Soak the nitrocellulose sheet in Buffer D plus 

0.251. gelatin and i 125-labelled purified rabbit anti-mouse 

5 IgG for 30 minutes. 

10 

5. ·.Wash the nitrocellulose sheet as follows: 

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

(b) 16-24 hours with 100 ml of Buffer D plus 0.11 

Nonidet P-40 and 0.5 M NaCl. 

(c) 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, 
20 (a·) ·· Pt'epare an autoradiograph of the nitrocellulose 

sheet, using standard procedures known in the literature. 

(b) Compare the autoradiograph with a nitrocellulose 
. . 

25 
sheet onto which V11I:C was transferred but which had been 

sta!:"Jed with Coomassie blue R150 rather than reacted with. 

monclonal ant~l>o~y. 
These steps demonstrated that the following distinct 

30 antibodies had been raised. 

Four. antibodies reacted with the polypeptide of 

Mr•92,000, the Mr•l08 1·QOO and larger polypeptides, one or 

the other of ·the polypeptides of Mr •54, 000 or 44, 000 present 

35 in terminal th_rombin digests, and no other polypeptides. This 

-·----------

ThiS Sh~~ Has BeenRe~aced 
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1 demonstrates ·the origin of these two latter polypeptides from 

the polypeptide of Mr=92,000 as the result of 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 Mr = 79,000-80,000 doublet. 

10 

A fifth antibody reacted with the doublet of M = r 

79,000-80,000, and w~th polypeptides of Mr=l08,000 and 

greater, but not with the polypeptide of Mr=92,000 nor with 

any of the polypeptides present in terminal thrombin digests. 

'nlis 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 ~he 

Mr • 79,000-80,000 doublet. 

The reaction profiles of these five antibodies 
20 indicate that the Mr=92,000 and Mr·• 79,000-80;000 

polypeptides derive from a common precursor or precursors. 

A sixth antibody reacted only with polypeptides of 

25 
Mr=lOS,000 and greater. Since it did not react with any 

polypeptides present in terminal thrombin digests, the epitope 

with which it reacted is destroyed by thrombin digestion. 

To prepare and.store a biological preparatio~ of one 

30 or more of·these antibodies, the corresponding monoclonal lgG 

may be isolated from heparinized pooled ascites fluid 

immediately after collection or a frozen portion of the stored 

solution may be thawed. Regardless of whether fresh or frozen 
35 
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. 0 
1 material is used, the solution is brought to 4 C and treated 

with an equal volume of phosphate buffered saline solution 

(PBS) (PBS: 1.6 g sodium phosphate, rnonobasic monohydrate: 8.4 

5 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 • 

10 

. 
Centrifugations ~re 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 mixture o~ precipitate 

and supernatant liquid stirred and centrifuged in the same 

15 manner as in the first cycle. The pe~lets resulting from the 

third precipitation are resuspended in a volume of PBS equal to 

that of the diluted ascites fluid and t~en dialyzed 

exhaustively against PBS. Clots appearing in the dialysis ba~s 

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

adsorbed by stirring it with a St aqueous solution of aluminum 

hydroxide at room temperature and centrifuging at 20°c after 

adsorption. The adsorption treatment is repeated at least 
25 -

three more times using 2.5t aluminum hydroxide solution for 

each treatment aftet' the first. The adsorbed IgG is brough·t to 

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

30 precipitated pellets may be stored at -20°c until used. 

35 

Two prefetred ptocedutes fot purifying the monoclonal 

antibodies and m~intaining biological preparations containing 

them are described in P. L. Ey et al., "Iso1ation of ·Pure 
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1 IgG
1

, Ii;C
28

, and lgC
2
b lmmunoglobulins from Mouse SeTum 

Using Protein A-SephaTose." lmmunochemi stry, Vol. 15, pp. 

429-436: ond in c. Brue le et al., "Qne-Step Put if icat ion of 

5 
Mouse Monoclonal Antibodies from Ascitic Fluid by OEAE Affi-Gel 

Blue Chromatography." J. taununological Methods, Vol. 53, pp. 

313-319 (1982). 

10 

15 

20 

25 

30 

35 



"-
---··--------------·------------ ·--·--··-

1.1111111· 111111-lllU 11111 ·1\:·\lll 
* t L M S * 

0123945 
-39-

l WHAT IS CLAIMED IS: 
1. A factor VIII:C coagulant containing one 

or more polypeptides characterized in that: 
(i) one or more of the polypeptides exhibit 

5 a band at a point corresponding to an Mr of about 92,000; 
or bands at points corresponding to Mr values of.about 
92,000, about 80,00Q, 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; whon subjected to sodium dodecyl l:lulfato­
polyacrylamide gel electrophoresis; 

{ii) the coagulent exhibits specific coagu­
lant activity higher than 1800 Units/mg; 

(iii) the coagulant exhibits the activity 
15 in step (ii) over a continuous period of at least 

about 10 ~inutes; and 
(iv) the coagulant exhibits human factor 

VIII:C antibody binding.capacity. 
2. The coagulant of ciaim 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 c<-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 0(-thrombin or an equivalent 

protease. 
s. The coagulant of any of claims l to 4 

wherein the coagulant is e$sentially free of polypeptides 

30 exhibiting bands at Mr above 92,000. 

35 
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l 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 preparation of.claim 6 

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

8. A bioloqical preparation of claim 6 or 

7 containing from GO to 90% by weight. 

9. A ~ioloqical preparation of any of cla;ms 

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) diqestinq human factor VIII:C in a 

digestion mixture with an ~ffective amount of a protease 

i5under digestion conditions to form the coagulant of claim 

l; 

20 

(b) discontinuing the digestion of ~tep (a) 

while the coagulant is still present in the digestion 

mixture; and 

(c) recovering the resultan~ 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 l characterized by adsorbing the coagulant 

25 in active form to an immunoadsorbent containing a 

plurality of m0noclonal antibodies to .. human factor 

VIII:C epitopes and eluting the coagulant from the 

immunoadsorbent with an aqueous solution containing 

calcium ions Under elution conditions effective to 

30 desorb the coagulant from the immunoadsorbent without 

denaturing the coagulant. 

35 
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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 irnminoadsorbent 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 IgG 

- 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 followinq reaction profiles 
with coagulant derived from human factor VIII:C: 

(A) reacts with those polypeptides so derived of 

15 
Mr=92,000; Mr=l80·,ooo and greater; an~ 54,000; and does not 

re'act 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 Mr =92, 000; Mr •108, 000 and greater; and 44, 000; and does not 

react with those polypeptides so derived of Mr•54,000; 

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

25 

30 

35 

(C) reacts with those polypeptides so derived of 

~~79,000 and 80,.000; and Mr•lOS,000 and greatel:; and ·does 

not react with those polypeptides s·o derived of ~r·44~000;, 

54,000, 71,000; 72,000; not 92,000; 

(D) reacts with those polypep~ides so derived of 

Mr•lOS,000 and higher; and does not react with those 

polypeptides so derived of Mr less than 108,000; 

·- . ------ --- ---- - - --~ - --- - . ----
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l wherein the Mr values are determined by sub-

j ectinq the poly9e9tides to sodium dodec_yl sulfate­
polyacrylamide gel electrophoresis. 

15. A ~onoclonal 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 hu~an factor ~III:C 

and exhibits one of the following reaction profiles with 
10 

polypeptides derived from human factor VIII:C: 

(A) reacts with those polypeptides so derived of 

Mr•92,000; ~r·lS0.000 and greater; and 54.000; and does not 

15 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 

Mr•92,000; Mr•l08,000 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; nor 80,000; 

(C) reacts with those p~lypeptides so derived of 

25 ~-79_,000 and 80,000; and Mr•l08,000 and greater; and does 

not react with those polypeptides so derived of Mr-44,000; 

54,000, 71,000; 72,000; nor 92,000: 

(D) ~eacts with those p~lypeptid~s so derived .of 

30 Mr•l08,000 and high~r: and 

polypeptides ·so deTivel:~f 

does not react with those 

~ les~ihan 108,000t r .. ·~.". 

wherein the M values are>determined by sub-. r ... : 
jectinq the polypeptides; to soduim.:.4odecyl sulfate-

35 polyacrylamide 9el electrophoresis~ ----- ----. ---··-·--··-·-
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l 16. A monoclonal antibody according to 
claim 15 having profile (B) or (C) recited therein, 

further characterized in that it neut.ralizes the coagu­
lant activity o_f human factor VIII :C when said factor 

5 VIII :C is bound to the antibody •. 
17. A biological preparation comprising an 

antibody exhibitinq 
(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 
l5essentially 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 essentially 

free from antibodies according to claim 15 which 
exhibit reaction profiles c and o. 

25 19. A biological preparation comprising a 
mixture of antibodies according to claim 15 which 
exhibit reaction profiles A, B ~nd c, which is essentially 
free from antibodies according to claim 15 which 
exhibit reaction profile o. 

30 20. --~ immunoadsorbent column compr~iiinq 

35 

particles of a-solid immunologically inert adsorbent 
material bound to an antibody exhibiting profile (A), 
(B), {C}, or (O) of claim 15. -------------------·------------
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l 21. A column according to claim 20 wherein the 

adsorbent material is agarose. 
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