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1. FIELD OF THE INVENTION

The subject invention relates a method for the
production of monoclonal antibodies. The method
utilizes an immunized germfree animal. The invention
also provides a method for the use of such monoclonail
antibodies, and polyclonal antibodies derived from an
immunized germfree animal, for in vitro and in vivo
clinical diagnostics and therapeutics. Also, the
subject invention provides a fibrin-specific
monoclonal antibody.

10

15 2. BACKGROUND OF THE INVENTION

Kohler and Milstein are generally credited with
having devised the techniques that successfully
resulted in the formation of the first monoclonal
antibody-producing hybridomas (G. Kohler and C.
Milstein, 1975, Nature 256, 495-497; 1976, Eur. J.,
Immunol. 6, 511-519). By fusing antibody-forming
cells (spleen B-lymphocytes) with myeloma cells
(malignant cells of bone marrow primary tumors) they
created a hybrid cell line, arising from a single
fused cell hybrid (called a hybridoma or clone). The
hybridoma had inherited certain characteristics of
both thellymphocytes and the myeloma cell lines. Like
the lymphocytes, the hybridoma secreted a single type
of immunoglobulin; moreover, like the myeloma cells,
the hybridoma had the potential for indefinite cell
division. The combination of these two features
offered distinct advantages over conventional
antisera.
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Antisera derived from vaccinated animals are
variable mixtures of polyclonal antibodies whlch never
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mgnocl onal anti body. 15 2. BACKGROUND CF THE | NVENTI ON

Kohler and MIstein are generally credited with havi ng devi sed the
techni ques that successfully resulted in the formation of the first
nonocl onal ant i body- produci ng hybri domas (G Kohler and C

M| st ei Nat ure 256, 495-497; 1976,_Eur. J. | nnu
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nyel oma ceIIs (malignant cells of bone marrow primary tunors) they °
created a hybrid cell line, arising froma single fused cell hybrid
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determinants. For instance,- if the antigen is a
protein, an antigenic determinant may be one of the

10 many peptide sequences (generally 6-7 amino acids in
length; M.Z. Atassi, 1980, Molec. Cell. Biochem. 32,
21-43) within the entire protein molecule. Hence,
monoclonal antibodies raised against a single antigen
may be distinct from each other depending on the

15 determinant that induced their formation; but for any
given hybridoma, all of the antibodies it produces are
identical. Furthermore, the hybridoma cell line is
easily propagated in wvitro or in wvivo, and yields
monoclonal antibodies in extremely high concentration.

20 A monoclonal antibody can be utilized as a probe
to detect its antigen. Thus, monoclonal antibodies
have been used in in vitro diagnostics, for example,
radioimmunocassays and enzyme-linked immunoassays
'(ELISA), and in in vivo diagnostics, e.g., in vivo

25 imaging with a radiolabeled monoclonal antibody.
Also, a monoclonal antibody can be utilized as a
vehicle for drug delivery to such antibodies' antigen.

However, before a monoclonal antibody can be

utilized for such purpose, it is essential that the

30 mnonoclcnal antibody be capable of binding to the
antigen of interest; i.e., the target antigen. This
procedure is carried out by screening the hybridomas
that are formed to determine which hybridomas, if any,
produce a monoclonal antibody that is capable of

35 binding to the target antigen. This screening
procedure can be very tedious in that numerous, for
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-2- can be reproduced identically. Mnoclonal antibodies are

hi ghl y specific i nmmunogl obulins of a single type. The single type of

i mmunogl obul i ns secreted by a 5 hybridoma is specific to one and only one
anti genic determ nant, or epitope, on the antigen, a conplex

nol ecul wohssvoisgs a nul tiplicity of anti-gehi€ det er m nant sSPCTHUE94/07087

I nstance,, if the antigen is a protein, an antigenic determ nant nay be
one of the 10 rmany peptide sequences (generally 6-7 amno acids in

example, perhaps several thousand, monoclonal
antibodies may have to be screened before a hybridoma
that produces an antibody that is capable of binding

s the target antigen is identified. Accordingly, there
is the need for a method for the production of
monoclonal antibodies that increases the likelihood
that ‘the hybridoma will produce an antibody to the
target antigen.

e 3. SUMMARY OF THE INVENTION
The subject invention provides a method for the
production of monoclonal antibodies to an antigen
comprising:
15 (a) immunizing a germfree animal with said

antigen to permit antibody-producing cells to produce
antibodies to said antigen,

(b) removing at least a portion of said
antibody-producing cells from said germfree animal,

20 (c) forming a hybridoma by fusing one of said
antibody-producing cells with an immortalizing cell
wherein said hybridoma is capable of producing a
monoclonal antibody to said antigen,

(d) propagating said hybridoma, and

25 (e) harvesting the monoclonal antibodies
produced by said hybridoma.

The subject invention also provides methods for
utilizing a monoclonal antibody or a polyclonal
antibody derived from a germfree animal. The subject

3p Iinvention also provides a fibrin-specific monoclonal

antibody and methods for utilizing such a monoclonal
antibody.

35
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l ength; M Z. Atassi, 1980, Mdlec. Cell. Biochem 32, 21-43) within the
entire protein nolecule. Hence, nonocl onal anti bodi es rai sed agai nst a
single antigen may be distinct fromeach other depending on the 15

det er m ngotestonsgs | nduced their formation; but for any glptggmslgy,g.{]dsgiorra,
all of the antibodies it produces are _ , identical. Furthernore
hybridoma cell line is easily propagated in vitro or in vivo, and

yi el ds nonocl onal antibodies in extrenmely high concentration. 20

A nmonocl onal anti body can be utilized as a probe to detect its

antigen. Thus, ”D”°C|°”abn§%§'BEQEQEPTION|B¥”%§E* ininvitro

di agnostics, for exanpl e, I ol mmunoassays and enzyme-|inked
| mmunoassays Flgur?ElIE#Q and in in vivo diagnostics, e.g., in vivo 25

i maging with aetaﬁlwha’agbﬂdofroﬂmhﬂeﬁéaaaivaeﬁyof MH1 #i%8 pDRSKRRAAC! onal
anti body can ge utili livery to such

ant i bodi es5 ahtPHER. 2R By $6vaéey B§F8P8tggﬁgﬁggronal anti body can be

utilized for such purpose, it is essential that the 30 nonocl onal

anti body be cgpe&}g Qfgplndlng to the antigen of interest; i.e., the
target antigen S procedure is carried out by screening the
hybri domas  Cont¥al: experiBent te CcoRLaFR hBewRiBAiRghFRBAFASY OFf any,

produce a nonekéosSaph8bEEODYSARBE fibedpakblofibr matrix using the
10 fibrinogen specific antibody 45J.

Figure 2
Immunoreactivity of non-crosslinked DesAABB fibrin
polymers and crosslinked DesAABB fibrin polymers in

15 the in vitro assay for soluble DesAABB fibrin polymers
using MH1.

_Figure 3
The formation of DesAA fibrin by batroxobin treatment
20 ©f plasma fibrinogen.

Figure 4
Immunoreactivity of soluble DesAA fibrin polymers in
~the in vitro assay system for soluble DesAABB fibrin
25 Ppolymers using MH1.

Figure 5
Immunoreactivity of MH1 antibody with activated Factor
XIII (Factor XIIIa) - treated fibrinogen.

30
Figure 6
Measurement of soluble DesAABB fibrin polymer
formation in vitro using the soluble fibrin MH1 assay.
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35 binding to the target antigen. This screening procedure can be

very tedious in that nunerous, for exanpl e, perhaps
" several thousand, nonocl onal anti bodi es may have to be screened before a
hybri d88&5/01568hat produces an antibody that is capable of PFHUSHOM8T he
target antigen is identified. Accordimd@y; there I's the need for a
nmet hod for the production of nonocl onal anti bodi es that increases the
| i kel i hood
Figure 7

Demonstration of the purification of soluble £ibrin
from plasma by utilization of a Sepharose-MHI column.

5
Figure 8
Measurement of soluble DesAABB fibrin polymers in the
blood of patients with chest pain and confirmed
myocardial infarction.

10

4. DETAILED DESCRIPTION OF THE INVENTION
4.1. THE GERMFREE ANIMAIL
The subject invention relates to the use of a
gernfree animal for the production of monoclonal

15 antibodies. Germfree animals were first developed in
the latter part of the 19%9th century and have been
utilized extensively since such time.

A germfree animal is a gnotobiote that is free
from all demonstrable associated forms of life,

20 including bacteria, viruses, fungi, protozoa, and
other saprophytic or parasitic forms. A gnotobiote is
an animal or strain derived by aseptic cesarean
section or sterile hatching of eggs that is reared and
continuously maintained with germfree techniques under

25 isolator conditions and in which the composition of
any associated fauna and flora, if present, is fully
defined by accepted current methodology. (It should
be noted that all mice carry a latent leukemogenic
virus and, therefore, a mouse that would be germfree

30 but for such leukemogenic virus shall be considered a
germfree animal for the purpose of the subject
invention.)

The essence of a germfree system is the provision
of barriers against the entry of unwanted microbial

35 invaders. 1In addition to the physical barriers of
plastic, metal, rubber and glass which enclose the
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that the hybridoma will produce an anti body to the target antigen. 10
3. SUVWMARY OF THE | NVENTI ON The subject invention provides a nethod
for thewo 95,%gguct i on of nonocl onal antibodies to an anti 0gR

conpri si ng: (a) inmmunizing a gernfree ani mal with SAlg 407087
antigen to permit antibody-producing célPsto produce antibodies to
sai d anti gen, (b) removing at |east a portion of said

anti body-producing cells fromsaid gernfree aninmal, 20 (c) formng a

hybri doma by fusing ong, of i.d | boqy- prduci ells wth _an
innnrtalizingaﬁﬁ??gé' EQﬁeFi%ﬁe?aﬁﬁqﬁgﬁﬁﬁﬁﬁgén° %gﬁéﬁhég%fb%¥5ﬁﬁf?ng a
nmonocl onal ancfbaiy fbltzation,i foed and watexn iyteribizaktion, sai d

hybri dona, arﬂa,ﬁ%%u%auoﬁeby BabRed, Rhildie fBMPAPEAtEGEADOJALE of
produced by sal y

ridoma. The subj ect invention_ al'so provides
met hods fos the PRFFieRgS¥sStSHoc &ﬁmaﬁﬁ’?%cﬁﬂlt’af ‘?fp%‘l‘?%*bﬁ%l 23
anti body deri¢Rd fisolatogeshbndd e pErfotheedunpdet SPeriYention al so

provi des a fi%ri 3 i.fi c nmonocl onal anti body and net hods for
utilizing suc °88%r§2§§ énal
It is believed that any germfree animal can be

utilized in the subject invention. The most common

jo germfree animals are mouse, pig, rat, rabbit, guinea
pig, goat, sheep, primate and poultry with a mouse
being preferred, especially a Balb/C mouse.

4.2. PRODUCTION, CARE AND MAINTENANCE
OF GERMFREE ANTIMALS

There have been numerous publications concerning
the production, care and maintenance of germfree
animals. For example, Wostmann, B.S., Ed.,
Gnotobiotes: Standards and Guidelines for the
Breeding, Care and Management of Laboratory Animals,
National Research Council, National Academy of
Sciences, Washington, D.C. 1970; Coates, M.E., et al.,
The Germfree Animal in Research, Academic Press,
London, 1968; and Pleasants, J.R., Gnotobiotics, in
.Handbook of lLaboratory Animal Science, Vol;, 1, Melby,
E.C., et al., Eds., CRC Press, Boca Raton, Fla., 117,
(1974) the disclosure of which is incorporated herein
by reference.

15

20

25

. What follows is a summary derived from the
article Wostmann, B.S. ed., (1970) Gnotobiotes
Standards and Guidelines for the Breeding, Care and
Management of Laboratory Animals, National Research
Council, National Academy of Sciences, Washington,

30

D.C. describing the production, care and maintenance
of germfree rats and mice. It should be noted that
such production, care and maintenance is similar for
other animals.

35
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ant i body. - 4-
-BRI EF DESCRI PTI ON OF THE FI GURES Figure | (A Det erm nati on of

| munoggaziorydst y of MH with DesAABB 5 fibrin nononer by gffiddeldros7
chr omat ogr aphy. Figure 1(B) -7 -

ROOM _ENVIRONMENT

The facilities, equipment, and husbandry

procedures shall be designed and operated so as to

s afford maximum environmental control and optimal
comfort and welfare for the animals. The cages,
feeders and waterers shall be so designed and
fabricated as to afford maximum comfort for the
animals, to make the food and water readily available,

10 and to make cleaning and sterilization practicable and
efficient.

A desirable floor plan for extensive germfree
work should consist of:

1. a work area for assembling and sterilizing

15 the isolators,

2. an area for maintaining the isolators with
animals, and

3. a laboratory area for the routine monitoring
of the gnotobiotic environment.

20 An office and diet-preparation area may be
incorporated in the floor plan.

The room environment for maintaining gnotobiotic
isolators should meet the standards established for
housing conventional laboratory rodents. The

25 structure should be insect-proof, and the walls and
floor should be moisture-proof. Lighting should be
uniform, with the same light-dark cycle throughout the

‘ Year. Ventilation should rapidly remove any fumes
caused by chemical sterilization, and the climate

30 should be controlled as specified below.

Temperature. The generally accepted animal room
temperature of 21°-27°C(70°-80°F) may need to be
adjusted downward to keep the isolator temperature
between 22¢ and 26°C (72° and 78°F).

35 Humidity. The relative humidity (RH) should be
kept at the human comfort level of 40-60 percent.
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Control experinent to confirmthe binding capacity of t he Sepharose
DesAABB fi brin nononmer matrix using the 10 fibrinogen specific antibody

45]. Figure 2 | mmunoreactivity of non-cross |inked DesAABB fibrin
pol ymer swares/03868ssl i nked DesAABB fibrin polynmers in 15 thePCHE/USItNTISASSay
for soluble DesAABB fibrin polyners - Bsi-hg MH . Figure 3 The
formation of DesAA fibrin by batroxobin treatnent 20 of plasma fibrinogen.
Figure 4 | mmunoreactivity of soluble DesAA fibrin polymers in t he
in vitro assay systemfor soluble DesAABB fibrin 25 polyners using MHL
Figure 5 Howewveneacihen tyowt it tusediytoid véenbilavet e Fact or

isolator, 40-50 percent RH is recommended.
Ventilation. The room~air changes should be
g sufficient to remove rapidly any fumes generated
during chemical sterilization. Ten to fifteen air
changes per hour are recommended. Head masks with
fresh-air ventilation should be available to protect
personnel exposed to dangerous levels of chemical

10 fumes.

GERMFREE EQUIPMENT (See Sacquiet, E. 1968,
Equipment design and management: General technique of
maintaining germ-free animals, p. 1-22 In M.E. Coates
(ed]. the germfree animal in research. Academic

15 Press, London; Trexler, P.C. 1968. Equipment design
and management: Tranéport of germ~free animals and
current developments in equipment design, p. 23-35 In
M.E. Coates [ed]. The germfree animal in research.
Academic Press, London)

20 Complete exclusion of environmental microbes
requires an absolute barrier. The successful
operation of the isolator depends on the maintenance
of that barrier at all times. There are two general
types of isolators available, metal and plastic. Some

25 - metal units are built to withstand internal steam
pressure of 20 psi (1,406g/cm?). (See Reyniers, J.A.
1959. Design and operation of apparatus for rearing
germ~-free animals. Ann. N.Y. Acad. Sci. 78:47;
Miyakawa, M. 1959. The Miyakawa remote-control

30 germfree rearing unit. Ann. N.Y. Acad. Sci. 78:37).
Others are generally placed in a large autoclave for
initial sterilization (See Gustafsson, B.E. 1959.
Lightweight stainless steel systems for rearing germ-
free animals. Ann. N.Y. Acad. Sci. 78:17.).

35 The flexible-film isolator (See Trexler, P.C.,
and L.I. Reynolds. 1957. Flexible film apparatus for
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Xl -(Factor Xllla) - treated fibrinogen. 30 Figure 6 _ _
Measur enment of sol uble DesAABB fi brin polyner formation in vitro u3|ng

the s ibrin MHL assay.
! WS?OI 5

Fi gur nonstration of the purification of soluble t PETAUS94/07087 oy
pl asma by utilization of a Sepharoseimkﬂ ol um.

the rearing and use of germfree animals. Appl.
Microbiol. 5:406) is now the most widely used unit.
It is usually made of flexible laminated vinyl, must

s be chemically sterilized, and is readily adapted to
specific needs. Another type, made from a large tube
of nylon, tied at each end, can be sterilized in an
autoclave. (See Lev, M. 1962. An autoclavable plaétic
unit for rearing animals under germfree conditions. J.

10 Appl. Bacteriol 25:30). Plexiglass isolators and
disposable flexible-film units also have been
developed. Many of these are light enough to be
stacked two or three high on a rack, a feature that
conserves floor space.

15 A special cylinder for sterilizing food and
supplies is generally used with the heat-sensitive
isolators. It should be designed with a large
filtration area to facilitate air removal in a high-
vacuum autoclave (See Trexler, P.C. 1963. An isolator

20 sSystem for control of contamination. Lab. Anim. care.
13:572) . Alternatively, the cylinder may be fitted
with a drain tube vented to the atmosphere for removal
of air and gondensation during sterilization without
the benefit of a vacuum. (See Jaworski, N.E., and C.E.

25 Miller. 1963. Refinement of the cylinder technique for

supplying germfree isolators. Lab. Anim. Care.
. 13:591).

STERILIZATION
30 All equipment, food, bedding, water, and air used
in the isolator must be absolutely sterile. The
methods and conditions employed are determined by
characteristics of the individual items.
Steam under pressure is the best-known method of
35 sterilization. It is particularly suitable for porous
items that are heat-stable. Every area that can
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bl ood of patients with chest pain and confirned myocardi al infarction.
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shorter exposure periods may be used after careful
testing to ensure sterility. Standard package size.
and density of diet, bedding, and other materials are
of primary importance to assure that the stean
penetration time will be constant and predictable.

Dry heat has been used for sterilization of the
air supply for the isolator (See Miyakawa, M. 1959.
The Miyakawa remote-control germfree rearing unit.
Ann. N.Y. Acad. Sci. 78:37; Gustafsson, B.E. 1959.
Lightweight stainless steel systems for rearing germ-
free animals. Ann. N.Y. Acad. Sci. 78:17).

Peracetic acid (CH,COO0OH) is widely used on heat-
sensitive, non~porous materials, especially the
flexible-£film units. This acid is used in a 2 percent
solution with a wetting agent (detergent) (See
Trexler, P.C., and L.I. Reynolds. 1957. Flexible film
apparatus for the rearing and use of gérmfree animals.
Appl. Microbiol. 5:406). Other chemicals can be used
for special situations, e.g., hypochlorites,
iodophors, or quarternary ammonium compounds in the
liquid trap to introduce newborns obtained by
hysterectomy, or HgCl, to introduce eggs under sterile
conditions prior to hatching.

Ethylene oxide (ETO) may be used to sterilize
nonwettable heat~sensitive items. Sterilization time
is dependent on the temperature, humidity, pressure,
and concentration of ETO. ETO may react chemically
with bedding and dietary components to produce toxic
or undesirable compounds. Because of its flammability
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virus and, therefore, a nouse that would be gernfree 30 but for such
.l eukenogeni c virus shall be considered a gernfree animal for the
pur pose of the subject i nvention.) The essence of a
ger nf MERIFY6-m i s t he provi sion of barriers agai nstPEHYSHHOTP7 of
unwant ed m cr obi al 35 invaders. In-adldlition to the physical barriers of
pl astic, nmetal, rubber and glass which encl ose the
-6-
and toxic hazards, routine use of ETO for
sterilization should be restricted to the commercially
available gas mixtures, which contain not more than 20
5 Ppercent ETO. '
Fiberglass filters are commonly used for
sterilization of the air supply. They should function
as absolute filters. )
Membrane filtration of liguids can be used to
10 avoid exposure to heat, provided these membranes are
absolute filters, for example, a filter that excludes
particles greater than 0.22 micrometers in diameter.
Irradiation by gamma rays or electron-beam
sources may be used to sterilize diets or other

15 Special items. Dosages employed vary from 2.5 to 6 X
10% rads.

INTERNAIL ENVIRONMENT

Temperature. The internal isolator temperature
20 1is a function of the room environment and should be
maintained between 22° and 26°C (72° - 78°F).
Humidity. The isolator is subject to
condensation of moisture in cases of overloading,
inadequate ventilation, or both. Air entering the
25 isolator should be below 50 percent RH and preferably
above 40 percent RH.
Air Supply. The isolator should have 12 to 20
air changes per hour and a positive pressure of 3-5
in. (8-13 cm) of water. Air may be supplied from a
3p central source or from individual blowers for each
unit. A turbine-type air compressor is recommended
for a central air supply system because the oil piston
type tends to atomize o0il into the air-supply lines.
. An air diffusion isolator (See Trexler, P.C.
35 1968. Eguipment design and management: Transport of
germ-free animals and current developments in
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ani-mals, the systemrequires the operational barriers of air filtration,
food and water sterilization, mani pul ati on by gl oves, which form an
integral part of 5 the barrier system Also, the entry of supplies to

t he i solvabos/esdseul d be performed under sterile condi ti onsSeCTMUS94/070871 t 1S
believed that any gernfree animl can beiz2 -utilized in the subject

I nvention. The nbst comon 10 gernfree aninals are nouse, pig, rat, rabbit,

gui nea pi g, goat, sheep, primate and poultry with a nouse bei ng
preferred, especially a Bal b/ C nouse. 4. 2. PRODUCTI ON, CARE
AND NAlNTENANGEulpment design, p. 23-35 XF MORVFEERt&SI MBES. The There

have been nunerou§ﬁ$ éh&%g wa(gggégggﬂm) Ac?&gﬁh§ €gggg|ogbn§ar and

mai nt enance oP° mal's exa rann
Gnot obi ot es: SSanéar subje¢tGlicddidsse P dfellthﬂelathBr tndthg, evant alﬁd

Managenent (of ghgRer #h9h%Mrd! nﬁio'ieeve%ﬂ Nfﬁié’ &eggar ¢heCounci |, National
Acadeny of S¢i ences, shln et al.

The Gernfree RisAAVantagese é%?ﬂ%%% perah°E5nGBE 136K8. and
Pl easant s, JtRe,pr&b@MiMe<gnsmt1ve pressure that could help

prevent contamination should small breaks occur in the
barrier.

10 Emergency Safeguards. Adequate provisions for
the maintenance of air pressure within the isolator in
the event of power failure or mechanical failure must
be provided with not more than a few minutes’
interruption in the air supply. Collapse of

15 unsupported film isolators may eventually result in
suffocation of the animals, but the more immediate
danger is that the animals may be able to reach and
damage film or gloves. This may be prevented
temporarily by plugging air conduits with rubber

20 sStoppers. The operation of individual isolator air
supplies requires only an emergency power supply. A
central air system should have a second turbine
compressor for standby air supply.

_.Graphic recording of the temperature and pressure

25 is recommended. An audiovisual alarm system should be
incorporated in a central air system to be actuated by
a drop in line pressure in the event of either loss of
power or mechanical failure. Similar alarm systems
should indicate undesirable fluctuations in the

30 temperature of the air supply. For individual
isolator air systems, continuous graphic monitoring of
the room environment is recommended.

CAGING AND INTERIOR EQUIPMENT
3s Equipment. A basic list of equipment for an
isolator may include cages with secure lids, water
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-Handbook of Laboratory Animal Science, Vol., 1, Ml by, HC, et al.
_Eds., CRC Press, Boca Raton, Fla., 117, (1974) the disclosure of which
i's incorporated her ei n by reference. What follows is a
sunmaNg sdmisésed fromt he article .Wstmann, B.S. edpCTAI$S46M087

Gnot obi ot es St andards and Cui dehjgnes for the Breeding, Care and
Managenent of Laboratory Animals, National Research Counci |, Nati onal
Acadeny of Sciences, Wshi ngton, D.C. describing the production, care
and mai nt enance of gernfree rats and mce. It should be noted that

such pr odupbit®lesC aArel ACOATENTPRNAELC prote&etivarcioth gloveet For ani mals.
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the rubber gloves, an extra door gasket or cap closing
ring, long rubber-tipped forceps, hemostats, scissors,
a towel, gauze sponges, a two-quart can for holding
instruments, a covered four-quart diet can, spoon,
culture tubes, paper bags, and moisture~resistant bags
for dirty bedding. )

Cages should be fabricated of a smooth corrosion-
resistant material. They should be impervious to
liquids and easily sterilized. Materials considered
acceptable include plastics, stainless steel, and
glass. Galvanized metal becomes corroded and is not
recommended because trace-metal contamination may
influence experimental results.

Cage dimensions are usually limited by the size
of the entry port. The minimum area for a female
mouse and litter is 50 in.? (970cm?). In many
circumstances more space per animal may be needed.

Table 1 lists the recommended floor space per
animal for mice and rats according to welght
groupings.
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T ROOM ENVI RONVENT The facilities,

equi pnent, and husbandry procedures shall be designed and operated so as
to 5 afford nmaxi mum environnmental control and opti nal confort and

wel fare f t imals. The cages, feeders and waterers

desi gned gﬁg dgm?dgbri cated as to afford pmaxj mum confort for tﬁEstggﬁﬁ?
to make the food and water readily available, 10 and to nake cl eaning and
sterilization practicable and ef ficient. A desirable floor
pl an for extensive gernfree wor k shoul d consi st of: 1. a work

area for assenblaRgpaqd Shglifnt? |19 Fidd Spate Qie%ro'iamended per P?nnﬁ’apl area
for maintaining the isol atgghS céidel Mice @Hd®at and

| aboratory area for the routine nonitoring of the gnotoblotlc
environnment. 20 An office and diet-preparation area nay be
Maximum
5 category Space per Animal Population
Number Weight(g) in.? (cm?) Per Cage
MICE .
1 up to 10 6 ( 40) 40
2 10 - 15 8 ( 50) 30
10 3 15 - 25 12 ( 75) 20
4 over 25 15 ( 95) 16
RATS
1 up to 50 15 { 95) 50
2 50-100 17 (110) 50
3 100-~150 19 (125) 40
4 "150-200 23 (150) 40
15 s 200-300 29 (185) 30
6 over 300 40 (260) 25

MISCELLANEQUS RECOMMENDATIONS

Freon tests for minute leaks are recommended to

20 ensure the integrity of the barrier system.

Each unit should be equipped with its own
operation log to maintain 'a chronological record of
every procedure involving the unit from the time it is
assembled and sterilized. Such records are

25 conveniently kept in metal hospital-chart holders
identified by the iscolator number. They should also
contain notes for routine maintenance, e.g., glove
replacement. Breeding-performance records may be kept
in the same chart holder.

30 Due to the limited space available inside the
isolators, paper and folding containers are
recommended for diets and bedding, and for the
transport of animals between isolators linked by a
sterile passage.

35 No ether should be used inside an isolator
because it may explode when static sparks occur.
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incorporated in the floor plan. The room environment for

mai nt ai ni ng gnot obi otic | sol ators shoul d neet the Ztandardﬁ

est abl housi ng conventional |aboratory rodents. The 25
structb@gsgﬂ%@gd be insect-groof, and the walls and f PEBUSEHBIBE be
moi st ure-proof. Lighting should be = 15unmiform with the sane |ight-dark
cycl e throughout the year. Ventilation should rapidly renove any
fumes caused by chem cal sterilization and the climte 30 shoul d
be controlled_as specified belo Tenperature. The generally

accept ed ani FaRotBane (broqqgﬁ*g;g;g%;%#oroethane) 1s recommended
21[err] - 27] eas] & YoLarille50[ruriy FamiEty] s eofes thotic. adj ust ed downward

to keep the isolator tenperature between 22[err] and 26[err]C
(72[err] and 78[err]F). 35 Hum dity. The relative humdity (RH)
shoul d bes kept at theRIETEn BEDDING RANDeWATIFRIO- 60 percent.

Dat e: GENERAI, RECOMMENDATIONS

The complete formula for commercially produced
diets should be provided, listing all the ingredients
and their concentrations, including preservatives,

10 antioxidants, and other additions. The date of
production should be clearly indicated. The
manufacturer should guarantee that the diet is:

1. Within the normal acceptable limits of
naturally occurring hormone activity.

15 . 2. Free of additives containing drugs, hormones,
antibiotics, or any other substance that may create
abnormal physiological conditions or interfere with
investigative procedures.

3. Free of salmonella on the basis of

20 statistically selected samples.

4. Free of rodent and vermin contamination.

5. Free of all unrendered meat scraps or fish
meal that may contain pathogens. '

25 FORTIFICATION OF DIETS
Diets of germfree animals must contain more than

normal requirements of certain nutrients to compensate
for the heat-sterilization loss of vitamins
(especially certain B vitamins and vitamins A and D)

30 and of the nutritive value of protein (reduction in
available lysine, methionine, arginine and
tryptophan). They must also provide required
nutrients, which in conventional animals would be
available through microbial synthesis in the

35 dJastrointestinal tract (See Reddy, B.S., B.S.
Wostmann, and J.R. Pleasants. 1968 Nutritionally
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However, when roomair is used to ventilate the I sol ator, 40-50 percent

RH i's recomended. Ventil ation. The roomair changes should be 5
-sufficient to renove rapidly any funes generated during chem cal

steril wabs/01568 Ten to fifteen air changes per hour are rgaeosRRgesd. Head
masks with fresh-air ventil ation shoygd-be avail able to protect

personnel exposed to dangerous |evels of chemcal 10 fune.
GERMFREE EQUI PMENT (See Sacquiet, E. 1968,

adequate diets for germ-free animals, p. 87-111 In M.
E. Coates [ed]. the germ-free animal in research.
Academic Press, London). An example of such a diet is

s L-485, an inexpensive diet that has been extensively
tested (See Kellogg, T.F., and B.S. Wostmann. 1969.
Rat and mouse stock diet L-485. Lab. Anim. Care.) and
can be commercially produced (see Table 2).
Supplementation with specific amino acids rather than

10 Iincreased total protein content should be considered
as a means to compensate for loss in protein quality.
Increasing the total protein content of the diet will
result in a greater consumption and excretion of
water, causing humid conditions and thereby limiting

15 the number of animals that can be housed in an
isolator of a given size.
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Equi prent design and nanagenent: General technique of mai nt ai ni ng
germfree animals, p. 1-22 In ME. Coates [ed]. the gernfree animal in
research. Academ c 15 Press, London; Trexler, P.C 1968. Equi pnent design
and man¥@easi1s68 Tr ansport of germfree animals and Cur r eaUT/OSMBePENL S
I n equi prent design, p. 23-35 In M B7 Coates [ed]. The gernfree ani nmal

I n research. Academ c¢ Press, London) 20 Conpl et e excl usi on of

envi ronnental m crobes requires an absolute barrier. The successful
operation of the isolator depends on the maintenance of that barrier at
all tinmes. There are two general TEPRE af isolators available, netal
and plastic. Sone 25 netal units are built to withstand internal steam
pressure of 20 psicCeétpdosigion] ofr Diet{ Sectdyrfer sRalsAand Mic#959. Desi gn
and operation_of apparatus for rearing germfree animals  Ann. N Y.
Acad. Sci. 78:47, _. M yakawa, M 1959. The M yakawa renote-control 30
gernfree rearingrefhient ann. N Y. Acad. Sci. 78:37). Amouidy e &9
general ly pl acet—+A—a—targe—autoetave—fof————ni-tat—sterzati-on- ( See

Qust af sson, E, 1959. Li ght wei ght stainless steel systens for rearing
germ f

_ _ ' $1 08 Barh: fgad. Sci. 78:17.). 35 The
flex'ble'f”'Ed%%&%gi%iigﬁgaiF?éEgge Eigéein 50 percent) ggg °

Alfalfa meal (dehydrated; 7 percent protein) 35

10 Corn oil (once refined) 30
NaCl ) 10
CaHPO, 2H,0 10
caco, 5
Lysine (feed grade) 5
Methionine (feed grade) 5
B.H.T. (butylated hydroxytoluene) 0.125

15 Trace mineral mix 0.25
VITAMIN MIX
A 26,000 IU
D, 1,000 IU
E(a tocopherocl acetate) 225 mng
K; (menadione) 90
Riboflavin 30

20 Pantothenic acid 285
Niacin 65
Choline chloride 2,000
B;; (0.1 percent trituration in mannitol) 2
Thiamine HC1 65
Pyridoxine HC1 20
Folic acid 10

25 Para-aminobenzoic acid 50
TRACE MINERAL MIX (commercial
MN as manganous oxide 65 mg
Fe as ferrous carbonate 20
Cu as copper oxides 2
Zn as zinc oxide 15
I as calcium iodate 1.5

30 Co as cobalt carbonate 0.6

Steam sterilization (See Reddy, B.S., B.S.
Wostmann, and J.R. Pleasants. 1968 Nutritionally
adequate diets for germ-free animals, p. 87-111 In M.
E. Coates [ed]. the germ-free animal in research.

35  Academic Press, London)
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and L.1. Reynolds. 1957. Flexible film apparatus for

gernffee ani mal s. Appl .

-9- the rearing and use of

WO 95/01568 - PCT/US94/07087

10

15

25

30

35

- 18 -

Actual procedures will depend on the equipment
available. Three factors are of general importance:

1. A pre-sterilization vacuum, whenever
possible, of at least 20 in. Hg will assist steam
penetration of the diet in a clave or cylinder vented
to the atmosphere. A vacuum of 28 in. Hg or more is
recommended when the supply .cylinder is not vented to
the atmosphere.

2. Use of the shortest sterilization phase that
will ensure total sterility, with an added safety
margin dictated by equipment and skill. Temperatures
measured at the inner core of the diet should reach at
least 121°C (250°F). At that temperature the actual
sterilization phase should last a minimum of 15
minutes. With higher sterilization temperatures,
sterilization times will be relatively shorter.’

3. A post-sterilization vacuum will speed the
reduction of temperature of the diet. This will avoid
unnecessary heat destruction of nutrients. However,
the design and performance of the apparatus must be
adequate to avoid leaks during this stage of the
operation.

In steam sterilization of diets, the goal is to
avoid both incomplete sterilization and unnecessary
nutritional damage caused by excessively prolonged
heating. Although some nutrient loss is unavoidable,
gquite acceptable results may be obtained by
manipulation of:

(a) Technical procedures such as temperature,
time pre-sterilization and post-sterilization vacuum,
and pellet size.

(b) The water content of the diet. An increase
in water content leads to better recovery of B
vitamins after sterilization (See Zimmerman, D.R., and
B.S. Wostmann. 1963. Vitamin stability in diets

This Sheet Has Been Replaced




- - —
"Mcrobiol. 5:406) is now the nost widely used unit. It is usually nmade of
flexible lamnated vinyl, nust 5 be chemcally sterilized, and is readily
adapted to speci fic needs. Another type, nmade froma Iarge t ube

nylon, ti h end, can be sterilized in an aut ocl ave 5&&
1962. An gg{%%?aégble plastlc unit for rearing animals undgF& ﬂ#ﬁéé
conditions J. 10 Appl. Bacteriol 25:30)" épeX|gIass | sol ators and

di sposabl e flexible-filmunits al so have been devel oped. Many of these
are |light enough to be stacked two or three high on a rack, a feature

t hat conser f.l.00r e ci al n sterilizing
f ood and 5\&& ged gé;%gr%? yfﬁg%da{}m %theﬁhe&ﬂ"ge §|t|33e8)

i solators. It mmphsi d:bm%edavmhea cangent upftpt 25t besrcanda tax
facilitate air J£iy @r@wa to bevaswartmecb%ﬁ thee Ero%g% P. C.

1963. An |solator %g em for control contam nati on. Ani m
Car e. ouality (Qf jehe QA1et, 18 E?FPHEGPdﬁﬁy b FPPPS& 1“ with a

drain tube ventﬁsl:ézo d&maﬁwphehe fibetr enoUAR be followed auyda new
(Soe Jaor oki . e of e FRELRe WATEH' ng g1bRorBREReR: SRt e
techni que for tempangﬁnw¢ng gernfree isolators. -Lab. An|n1 Care
RADIATION STERILIZATION (See Reddy, B.S., B.S.
10 Wostmann, and J.R. Pleasants. 1968. Nutritionally
adequate diets for germ-free animals, p. 87-111 In
M.E. Coates [ed]). The germ-free animal in research.
Academic Press, London; Ley, F.J., J.Bleby, M.E.
Coates, and J.S. Paterson. 1969. Sterilization of
15 laboratory animal diets using gamma radiation. Lab.
Anim. 3:221)

Techniques and dosimetry will depend on equipment
and type of radiation. Aalthough, in general,
radiation sterilization is considered to result in

20 less destruction of nutrients, it is at present
recommended that diets be sterilized with steam.

TEST FOR STERILITY
To monitor sterility achieved with any specific

25 sterilization procedure, the use of Bacillus
stearothermophilus spore strips is recommended. The
strips should be embedded in the core of the diet.
Also, the isolator and its animals should be
periodically microbiologically monitored. Such

309 monitoring is necessary to test for accidental
contaminations resulting from breaks in the isolator
barriers or from inadequate sterilization of the
isolator or its contents. This can be accomplished as
described in Wostmann, B.S., Ed., Gnotobiotes:

35 Standards and Guidelines for the Breeding Care and
Management of Laboratory Animals, National Research
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13:591). STERI LI ZATION 30 Al'l equi pnent, food, bedding, water,

and air used in the isolator nust be absolutely sterile. The
met hods and conditi ons enpl oyed are determ ned by characteristics of
t he i ndiwy shuksg t ens. St eam under pressure is thechesigddgeyn

met hod of 35 sterilization. It is parbigcul arly suitable for porous
Itens that are heat-stable. Every area that can
- 10 -

Council, National Academy of Sciences, Washington,
D.C., 1970, pp. 28-39.

s ESTIMATION OF NUTRIENT LOSS DURING STERILIZATION
As a useful check on the loss of vital nutrients,
determination of acid-extractable thiamine as an
indicator of the recovery of thiamine added to the
diet is recommended (See Wostmann, B.S. and P.L.

30 Knight. 1960. The effect of methyl alcohol on the
conversion of thiamine to thiochrome. Experientia
16:500) . A recovery of less than 25 percent indicates
severe impairment of general nutritional quality of
the diet. With adequate equipment and care,

15 Trecoveries of 50 percent or more should be achieved.

STORAGE OF SOLID DIET

Because of the generally high cost of germfree
experimentation, extra care should be taken never to

20 use diet that has decreased significantly in

nutritional value. It is recommended that (a)
nonsterilized diet always be stored under
refrigeration, and never for longer than one month,
~and that (b) storage time of sterilized diet inside

25 the isolator should be one week or less and must never
exceed ten days.

BEDDING
Bedding should be changed at least once a week.

30 It is recommended that bedding material be easy to

sterilize and not readily eaten by the animals. It

should not yield toxic compounds as a result of the

sterilization procedure. Dustfree white pine chips

(sawdust) and shavings are recommended. Basswood and
a5 Ppoplar shavings or crushed corn cobs are acceptable.

Diatomaceous products, cedar, resinous woods, and
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concelvable har bor

steam”™ Exposure tine is rel ated to the tenperature used. It is

reconmended that the 5 | east accessible portion of the |oad (the center of
t he pacK@Ppsél5a8e exposed for a m ni mum period of 15

(250[err]F).

used after careful testing to ensure sterility. Standard package size 10
and density of diet, bedding, and other materials are of primry
| mportance to assure that the steam penetration tinme will be constant

and predi ct allardwoods areDngthrecommendesh usithybenetexilliezation of the
oot el Pon 1 FrdiALL 2OE IR shaBEaMR B udda 180Es1 Endhaultabiies

CGust af sson,

germ

ree rearing unit SCI

EPQ?SHE%E f°rmaEF8ﬁtﬂ§|&ﬁFW§H%rﬁ?ﬁ%P%?%%lh§§sP§ﬁ§ for rearing
r agl i fbed. Ann. N. Y. Acad. Sci. 78:17). Peracetic

acid (CHerr]COOOH) is widely used on heat- 20 sensitive, non-porous

mat eri al s,

2 percent

pP.C,

and L.I.
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especially the

m crobes nust be brought into direct contact with

m nutBE/E89410708%er r | C
Hi gher tenperatures and - Zhofter exposure periods may be

flexible-filmunits. This acid is used in a

WABERuUtion with a wetting agent (detergent) (See Tr exl er,

ReypRi R ind9vatel ot & IdtBrilized. It may be

autoclaved in square pack flasks, Mason jars, or tanks
attached to the unit. A small air space should be
left inside each container.

PRINCIPLES OF CESAREAN DERIVATION OF GNOTOBIOTES

The success of any cesarean operation is keyed in
part to having the pregnancy advance to full term.
This is particularly true of animals with short
gestation periods, where the fetus may gain 20 percent
of its weight in the final 24 hours before
parturition. Timed matings are reasonably successful,
but with animals yielding large litters (rats and
mice) it may be helpful to wait for the female to
deliver the first offspring before proceeding with the
operation. In guinea pigs, the most satisfactory
method is to select females for surgery by measuring
the spread of the pubic bones (See Philips, B.P., P.A.
Wolfe, ahd H.A. Gordon. 1959. Studies on rearing the
guinea pig germfree. Ann. N.Y. Acad. Sci. 78:183).

The cesarean-derived young must be delivered into
a germfree environment before they take their first
breath of air. They may be taken directly from the
mother by hysterotomy, through an incised sterile
barrier membrane into a sterile isolator, or by
hysterectomy, through a germicidal trap into a sterile
isolator. The usual surgical preparation of the
female prior to the cesarean operation includes
removal of abdominal hair and cleaning and

heet Has Been Replaced
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apparatus for the rearing and use of gernfree animals. 25 Appl. M crobiol.

5:7406). O her chenicals can be used for special situations, e.g.,
hypochl ori tes, i odophors, or quarternary amoni um conpounds in the
l'iquid 'ntroduce newbor ns obt ai ned by hyst er ec

Hgdl [erﬁg%lbfsﬁ roduce eggs under steril e 30 conditions p%ﬁ'g)rbsf’gams"

hat chi ng. Et hyl ene oxi de (Eﬂtﬁ nmay be used to sterilize
nonwett abl e heat-sensitive itens. sterilization tine i s dependent on
t he tenperature, hunidity, pressure and concentration of ETO ETO

Toxi oo Rt EREREE 4R S0 AR AR AN | SRR 11y

This is the repcanpiishesheateferentially by dlslocatlon of the
cervical vertebrae in rats and mice, although an
5 abdominal midline local anesthetic or general
anesthesia may also be used without incurring serious
levels of fetal depression and mortality. With guinea
pigs, surgery is generally performed after prior
sedation and under local anesthesia.

10 Delivery of the young by hysterotomy through a
barrier membrane requires special isolator equipment.
The Reyniers stainless-steel surgical unit (See
Reyniers, - J.A. 1965. Germfree life methodology
(gnotobiotics) and experimental nutrition. p. 458-466

15 In Proc. 3rd Internat. Congr. Biochem., Bruxelles) has
a built-in horizontal metal divider that separates the
upper and lower compartments of the unit. The divider
contains a circular port covered with a mylar plastic
film to maintain the integrity of the upper

20 Ccompartment. The female, prepared for surgery, is
piaced in the lower compartment with the abdomen
pressed against the mylar. All surgical instruments
are in the upper compartment, and the surgery is

"performed in this sterile area. An incision is made

25 through the plastic and skin with an electrocautery or
scalpel. The self-sterilizing electrocautery blade is
preferred for skin incision. The edges of the skin
and mylar are clamped together and reflected. A
sterile drape is placed over the abdomen to cover the

3o ¢cut edges of the skin, and warm disinfectant
(benzalkonium chloride 1:1,000) is applied to the
exposed fascia before opening the abdominal cavity.
Extreme caution must be exercised to avoid cutting
into the bowel. The insertion of a pair of forceps or

35 hemostats between the peritoneal wall and the viscera
may be helpful. The uterus is then opened and the
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and toxic hazards, routine use of ETO for sterilization should be.
restricted to the commercially avai |l abl e gas m xtures, which contain not
nore than 20 5 percent ETO Fi berglass filters are comonly used
for sterilization of the air supply. They should function as absolute
filters.wo095/01568 Menbrane filtration of |iquids can be used REX/U89407087
exposure to heat, provided these nenbrangs are absolute filters, for
exanple, a filter that excludes particles greater than 0.22 mcroneters
in diameter. Irradiati on by ganma rays or el ectron-beam

sources may be used to sterilize diets or other 15 special itens. Dosages
enpl oyed varyybuw 2edmdved. X The fiéal aflémbranes are removed, and

the umbilical cord is clamped and cut. The young are
gently dried and massaged to stimulate respiration.

s They are then transferred to a rearing unit to be
foster-nursed or hand-fed. Another sheet of mylar may
be secured over the surgical port and the procedure
repeated with as many as 5 or 6 females without
serious risk of contamination. Cesarean delivery may

10 also be accomplished using a plastic isclator or glove
bag as a surgical unit. The exterior surface of the
isolator floor is presterilized and brought into
contact with the animal's abdomen, thus serving the
same purpose as the mylar sheet described above.

15 Following the operation the slit in the plastic
barrier can be closed with sterile tape and the
surgical procedure repeated on additional gravid
females.

Delivery of the young by hysterotomy is more

20 common when plastic isolators are used (See Foster, H.
1959. A procedure for obtaining nucleus stock for a
pathogen-free animal colony. Lab. Anim. Care 9:135).
The uterus is aseptically exposed and clamped just
‘anterior to the cervix. The excised uterus is

25 transferred into the germfree unit through a liquid
germicidal trap. Once inside the isolator, the young
are delivered as rapidly as possible to prevent
aspiration of fetal fluids. Normally they are dried
and breathing well before the umbilical cord is

3p Clamped and cut. The infants are then given to the
foster mother or hand reared.

Hysterotomy may be used successfully for mice,
rats, and swine. In guinea pigs, however, hysterotomy
is preferred, since a high mortality occurs if as much

35 as two minutes elapses between the severance from the
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| NTERNAL ENVI RONMENT

Tenperature. The internal isolator

tenperature 20 is a function of the room environnment and shoul d be
mai nt ai ned between 22[err] and 26[err]C (72[err] - 78[err]F).

Hum dity

of overl ngﬁ i,s"ss

25

olator is subject to condensation of npisture in cases
i nadequat e ventilation, or both. Air efErPa§/py

| sol at or shoul d be bel ow 50 percent RH™aRd pref erably above 40 percent

RH.

changes per hour and a positive pressure of 3-5

Air Supply. The isolator should have 12 to 20 air

' b d 30 | £ i dual bl
for caen - Hageened Rl Bvpply fpa BhEFEett, L8 heckhtondea | for

central air suigpdatorst em because the oil piston type tends to atom ze

oil into the air-supply lines.

Trexler, P.C

gern}free &i mal s FBEELER)
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SEEMS IN GNQTOBIOTIC COLONIES
lHEBED_§28A1H§
The usual brother X sister mating system employed

in conventional breeding colonies can also be used in
gnotobiotic colonies.

NONINBRED STOCKS

True random breeding includes some matings of
siblings and of first cousins. Although such matings
are normally avoided in noninbred breeding colonies,
the resulting mating system does not decrease the rate
of inbreeding to the maximum extent possible. Any
system of minimal inbreeding can be used. (See
Falconer, D.C. 1967. Genetic aspects of breeding
methods. p. 72-96 In The UFAQ handbook on the care and
management of laboratory animals, 3rd ed. E and S
Livingstone, LTd., London; National Research Council,
Institute for Laboratory Animal Resources. 1969. A
guide to genetic standards for laboratory animals.

- National Academy of Sciences, Washinton, D.C.).

25

30

35

Comparable Conventional and Gnotobiotic Colonies.
If it is desired to maintain both conventional and

gnotobiotic colonies for comparative purposes, their
similar genetic constitutions may be maintained by
introducing cesarean-derived litters from the
effective breeding population of the conventional
colony into the gnotobiotic colony. This appears to
be the method of choice for those producers who place
most emphasis on the production of nongnotobiotic rats
and mice but has the disadvantage of preventing the
establishment of a microbiological pedigree that would
simplify microbiological monitoring. Ideally, this

An air diffusion isolator (See
ment de5|on and_nmanagenent: Transport of

This Sheet Has Been Replaced
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12 - equi pnment design, p. 23-35 In ME Coates [ed]. The
I n research. Academ c Press, London) IS not subject to

gernfree ani nal

| oss of ventilation in the event of 5 power failure. However, this type

has t he di sadvant age of fewer air changes per hour and | acks t he

prot ecti vDOBHIISF& e pressure that could help

prevent cont aRGTHUSB07087

shoul d smal| breaks occur in the barrt 8% 40 Enmer gency Saf eguar ds.
Adequat e provi sions for t he mai ntenance of air pressure within the

isolator in

t he event of power failure or mechanical failure nust

provided with not nore than a few m nutes' interruption in the air
supply. Col | apseowid be done by using litters from specific matings

10
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as breeding stock for the conventional colony and
using the next litter from each of these matings as
breeding stock for the gnotiobiotic colony. If this
procedure is followed every second or third
generation, the genetic constitutions of both colonies
should remain very similar, provided, of course, that
the same mating system is used in each colony.

Alternatively, litters from the effective
breeding population of the gnotobiotic colony may be
used to establish or replenish the conventional
colony. The genetic consequences will be identical,
provided the same procedures are followed.

RECORD-KEEPING (See Wolff, G.L. 1967. Practical
mating systems and record-keeping in a breeding
colony. p. 97-113 In the UFAW handbook on the care and
management of laboratory animals, 3rd ed. E. and S
Livingstone, Ltd., London).

Proper records should be kept for the animals and
for the maintenance of the isolator. The animals®
records should determine the efficiency of the
operation and the biological performance of the
animals. The isolator records should maintdin a
chronology of events related to the isolator to assist

in locating a breach of the barrier if contamination
occurs.

4.3. THE ANTIGEN-FREE ANIMAIL
In a preferred embodiment of the subject
invention, it is preferred that the germfree animal be
bred on a chemically defined (CD), low molecular
weight, water-soluble, ultrafiltered diet. It is
believed that such a diet permits one to obtain
complete control of nutrient and antigen intake by the
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15 unsupported filmisolators may eventually result in suf focati on of

the animals, but the nore i medi ate danger is that the aninmals may be
able to reach and darmage filmor gloves. This may be prevented
tenporarily by plugging air conduits with rubber 20 stoppers. The

oper at | WO g87015681i vi dual isolator air suppl i es requires eotyssdo07087
ener gency power supply. A central -aiblg system shoul d have a second

t ur bi ne conpressor for standby air supply. Graphi c recording
of the tenperature and pressure 25 is reconmmended. An audiovi sual alarm
system shoul d be I ncorporated in a central air systemto be actuated
by a drfamlxm | NnesyEless Ud Pet Nis hgenuean 19f matitehe[o entireflly of power

or nmechani cal, failur | ar_al ar e uId |nd|cate
ondoe ranl o frpheddisg Ted|aft SMaIEraE cnepstllatihatd
i ndi vi dual e.g.s@Emine atidsyssimplecsuginsousdipidshi vitemins: amg of

the room envigf;uEits qggggﬁgfg ks EQUI PVENT
35 E U|Bﬁént EE?? | osgozgngﬁécﬁggjégQ lNL@B#%E%%EEr may

i ncl ude cage§hﬁW4F%%an§Ff+%Ed ﬂé?%r rises amino acids, simple

sugars, lipids, vitamins and minerals and no other
component having a molecular weight greater than about
10,000 daltons. Thus, all of the components of a CD
10 diet are of low molecular weight and are naturally
circulating nutrients in animals and, therefore, it is
believed that such components will not stimulate an
immune response. The recent literature refers to a
germfree animal that has been bred on a CD diet as an
15 "antigen-free animal".

Also, it is preferred to utilize a filter paper
bedding, otherwise the germfree animal may eat the
bedding, which results in an immune response. It is
believed that the eating of a filter paper bedding

20 ¢does not result in an immune response.

The particular CD diet for a given species would
use such components in proportions and quantities so
as to fulfill known nutritional requirements for such

- species. The ¢composition and preparation of a
25 preferred CD diet for germfree mice is as follows:

30
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- 13- bottl es and food hoppers, protective cloth gloves for t he
rubber gl oves, an extra door gasket or cap cl osing ring, |long
rubber-tipped forceps, henobstats, scissors, a towel, gauze sponges, a
two- quart can for.hol ding i nstrunments, a covered four-quart diet can,
spoon, WO 950IL568r e t ubes, paper bags, and noi sture-resi st ant PUEYSI4/0708Dr
dirty beddi ng. Cages shoul d be gabsicated of a snoboth corrosion- 10
resistant material. They should be inpervious to | i qui ds and easily
sterilized. Materials considered

Composition and preparation of
chemically defined diet 1.489El4Se

Ingredient Amount
(grams /100
grams of
Ingredient)
To 192 ml Milli-Q water at 70°c the following are
added:
Leucine 1.9
10 Phenylalanine 0.74
Isoleucine 1.08
Methionine 1.06
Tryptophan 0.37
Valine 1.23
Asparagine 0.91
Arginine HCl 0.81
Threonine 0.74
15 Lysine HCl : 1.77
Histidine HCl 0.74
The solution is cooled to 45°c and the following
added:
Glycine 0.59
Proline 1.48
20 Serine 1.33
Alanine 0.59
Sodium glutamate 3.40
L-tyrosine ethyl ester HCl 0.62
Ferrous gluconate 0.05
Salts 35D 0.105
Sodium Selenite? 0.074
25 solution cooled to 5°c and the following added:
Calcium glycerophosphate 5.22
Magnesium glycerophosphate 1.43
Calcium chloride 2H,0 0.185
Sodium chloride - Potassium Iodide
(KI) mix (containing
680 mg KI) 0.086
30 Vitamin B mix 111ES3 0.09
Vitamin B12* 1.20mg
Choline chloride 0.31
Potassium acetate 1.85
To 108ml Milli-Q water at 70°C
D-Dextrose, anhydrous was added 71.28
35

Solutions cooled to 5°C and combined both for
ultrafiltration.
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acceptabl e include plastics, stainless steel, and gl ass. @Gl vani zed

nmet al. beconmes corroded and i s not reconmended because trace-netal
contam nation may 15 influence experinental results. Cage

di mrensions are usually limted by the size of the entry port. The

m ni munWd 8301568 a fenual e nmouse and litter is 50 in.[erkGT/USYuI0gErr]).
I n many circunstances nore space persgari mal nmay be needed. 20

Table 1 lists the recomended fl oor space per animal for mce and rats
according to wei ght gr oupi ngs.

14 -

10

15

20

25

30

35

lcomposition of salts 35D mixture given in table 3
2added in addition to sodium selenate in Salts 35D
3composition of vitamin B mix111E5 as stated in Table
‘padded in addition to vitamin B-12 in vitamin B mix
111E5 (see EXAMPLE hereinbelow)

Such composition is fed to mice or rats ad
libitum.

Composition of lipid su emen DEK_69E6

4

Ingredient Amount per daily adult
dose* (0.385ml)

Purified soy triglycerides! 0.33g

Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalcifercol 0.0288mg (1.15 I.U.)
2ampbo-alpha-tocopherol 3.3mg
2ambo-alpha-tocopherol acetate 6.6mg

Phylloguinone 72ng

*Lacating mice receive twice the normal adult dose.

lconsisting of: 12% palmitate
1.5% stearate
24% oleate
55% linoleate
8% linolenate

For a detailed description of CD diets see

Pleasants, J.R., et al., J. Nutr., 116, 1949-1964

{1986), Pleasants, J., et al., Germfree Research:
Microfiora Control and Its Application to the
Biomedical Sciences, B.S. Wostmann, Ed., p. 87, Liss,
Ney York (1985); Wostmann, B.S., et al., J. Nutr.,
112, §52 (1982); and Pleasants, J.R., et al., J.
Nutr., 100, 498 (1970), the disclosures of which are
incorporated herein by reference.

4.4 PRODUCTION OF MONOCLONAL ANTIBODY
The germfree animal is then utilized for the
production of monoclonal antibodies. The germfree
system can be utilized to produce a monoclonal
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TABLE 1 Amount of Fl oor Space Recommrended per Ani nal for
Caged M ce and Rat Maxi mum 5
Cat egory Space per Ani nmal Popul ati on Nunber Wi ght (g)
in.[err](cnferr]) Per Cage M CE 1 up to 10

6 (40) woo9s/0i8%s8 2 10 - 15 8( 50) 3@ctusodior087
15 - 25 12 75) 20 4 _ 59 -~ oOver 25 15 ( 95)

16 RATS 1 up to 50 15 (95) 50 2

50- 100 17 (110) 50 3 100- 150 19 (125)

40 4 150- 200 23 (150) 40 15 5 200- 300
29 (185) a®®ibody to any antigen that the animal in a

nongermfree state could produce. An examplary list of
antigens appears in U.S. Patent 3,935,074. However,

5 it is believed that the germfree animal provides a
much enhanced immune response to the antigen. Thus,
one can increase the likelihood of locating a B~
lymphocyte that produces an.antibody that is capable
of binding to a specific epitope of the antigen. This

10 is a major advantage of the subject invention. 1In
addition, it is believed that the germfree systen is
particularly useful for generating a highly specific
antibody for those antigens with numerous epitopes.

The germfree animal can be immunized by standard

15 techniques. However, it is preferred that the
germfree animal be immunized at least three times with
at least about three weeks between each immunization, .
followed by a prefusion booster. It is believed that
this increased level of immunization may be necessary

20 because it has been observed that after two
immunizations, which is customary, there are still
mostly IgM secreting B-lymphocytes rather than the
preferred IgG secreting B-lymphocytes.

2s 4.5. SOMATIC CELLS
Somatic cells of the germfree animal having the

potential for producing antibody and, in particular B
lymphocytes, are suitable for fusion with a B-cell
myeloma line. Those antibody-producing cells that are

3o in the dividing plasmablast stage fuse preferentially.
Somatic cells can be derived from the lymph nodes,
spleens and peripheral blood of primed germfree
animals, and the lymphatic cells of choice depend to a
large extent on their empirical usefulness in the

as particular fusion system. However, somatic cells
derived from the spleen are generally preferred. Once
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6 over 300 40 (260) 25 M SCELLANEOUS

RECOMVENDATI ONS Freon tests for mnute | eaks are recommended to 20
~ensure the integrity of the barrier system Each unit shoul d be
equi pped with its own operation log to maintain a chraonol ogi cal record
of W@\P§{0y568r ocedure invol ving the unit fromthe time i tPG/USS4/07087
assenbl ed and sterilized. Such records 3®e~ 25 conveniently kept in neta
hospi tal -chart hol ders identified by the isolator nunber. They shoul d
al so contain notes for routine naintenance, e.g., glove

repl acenent . B[eeding-ggrfonnance records lxaégig in the sane
chart hol derPringd or Y%&%qu'mgceé-’d‘%ea }8pFani Rei Beethe
i sol ators, pagea sbdrtel difngntdicdiyrgnroducing lymplescytesdedMbasedi et s and
beddi ng, and &g . s lran f ' P41, 58! . i nked by
. stor YAPRESTtes oive 3 Hilied pdtd it e i HELab 1! Bhlignll |
i sol ator s Wwitbethesaousenmyedauaodengreiagariked fagreinbeldpv.

However, the use of antibody-producing cells from

other germfree animals is also possible. The choice

of a particular germfree animal depends on the choice

of antigen, for it is essential that the germfree

10 animal have a B-lymphocyte in its repertoire of B-
lymphocytes that can produce an antibody to such
antigen.

4.6. IMMORTALIZING CELLS

15 Specialized myeloma cell lines have been
developed from lymphocyte tumors for use in hybridoma-
producing fusion procedures (G. Kohler and C.
Milstein, 1976, Eur. J. Immunol. 6:511-519; M.
Schulman et al., 1978, Nature 276:269-270). The cell

20 lines have been developed for at least three reasons.
The first reason is to facilitate the selection of
fused myeloma cells. Usually, this is accomplished by
using myelomas with enzyme deficiencies that render
‘them incapable of growing in certain selective media

25 that support the growth of hybridomas. The second
reason arises from the inherent ability of lymphocyte
tumor cells to produce their own antibodies. The
purpose of using monoclonal techniques is to obtain
immortal fused hybrid ‘cell lines that produce the

30 desired single specific antibody genetically directed
by the somatic cell component of the hybridoma. To
eliminate the production of tumor cell antibodies by
the hybridomas, myeloma cell lines incapable of
producing light or heavy immunoglobulin chains or

a5 those deficient in antibody secretion mechanisms are
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- 15 - Fl uot hane (bronochl orotrifl uoroethane) is recomended as a
vol atil e, nonflammabl e anest heti c. 5 DI ETS. BEDDI NG AND
WATER GENERAL RECOVMENDATI ONS The conplete formula for

commer GLA! oduced di ets should be provided, listing
[ ngredicvgﬁtglg)ﬁlggsand t heir concentrations,_.including preservaﬁt’é’??ﬁa"(gm

anti oxi dants, and ot her additions. Thé’&gté'of

used. A third reason for selection of these cell
lines is their suitability and efficiency for fusion.
Several myeloma cell lines can be used for the

5 production of fused cell hybrids, including NS-1, X63-
Ag8, NIS-Ag4/1l, MPC11-45.6TG1l.7, X63-Ag8.653, Sp2/O-
Agfi4, FO, and S194/5XX0.Bu.l., all derived from mice,
and 210-.RCY¥3.Agl.2.3 derived from rats. (G.J.
Hammerling, U. Hammerling and J.F. Kearnly, eds.,

10 1981, Monoclonal antibodies and hybridomas In J.L.
Turk, eds. Research Monographs in Immunology, Vol. 3,
Elsevier/North Holland Biomedical Press, New York).

4.7. FUSION

15 Methods for generating hybrids of antibody-
producing spleen or lymph node cells and immortalizing
cells generally comprise mixing somatic cells with
immortalizing cells in a proportion which can vary
from about 20:1 to about 1:1 in the presence of an

20 agent or agents (chemical, viral or electrical) that
pfomote the fusion of cell membranes. It is often
preferred that the same species of animal serve as the
source of the somatic and immortalizing cells used in
+he fusion procedure. Fusion methods have been

25 described by Kohler and Milstein (1975, Nature
256:495-497; 1976, Eur. J. Immunol. 6:511-519), by
Gefter et al. (1977, Somatic Cell Genet. 3:231-236)
and by Kozbor et al., 1983, Immunology Today, 4, 72.
The fusion-promoting agents used by those

30 Iinvestigators were Sendai virus and polyethylene
glycol (PEG), respectively.

One can also utilize the recently developed EBV-
transformation technique (Cole et al., 1985,
Monoclonal Antibodies and Cancer Therapy, Alan R.

35 Liss, Inc., pp. 77-96).
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production should be clearly indicated. The manuf act urer shoul d

guarantee that the diet is: 1. Wthin the nornmal acceptable limts
of naturally occurring hornone activity. 15 2. Free of additives
cont ai NRYedhees. hor nones, antibiotics, or any other ﬁo%st_lhat
may create abnornal physi ol ogi cal _cqndi_tions or |nterfere Wt

I nvestigative procedures. 3. Frée of salnonella on the basis of 20
statistically sel ected sanpl es. 4. Free of rodent and vermn

cont am nat i on. 5. Free of all unrendered neat scraps or fish

meal that may coptgln Egbﬁﬂ&%&ﬁ OF d%édﬁaqiﬁﬂ‘R%Ef%&d%zﬂ%égéi
Diets of gernfree’ani S nus I renents
of certain nutrienfsigncPFPEAdUres usualdy prednes: vipdblie hybrilds | oss of

vi tam ns a{eegngab&yfﬁéﬁﬁahayB abbati Asxandsviebamwi gsidtand D) 30 and
of the nutritjve va [ [

ue o{hg fgel %reduct|8$ " .navall | e |ysine,
met hi oni ne5 aPEFARRR 2hd Yrgﬁ gpRRBHY. h8§ Rading) ¥dablsvi de required
nutrients, whhgbridsgcoitebsi essenthatmte hewedabmeans to select
fused cell hybrids from the remaining unfused cells,
particularly the unfused myeloma cells. A means of
detecting the desired antibody-producing hybridomas
30 among the other resulting fused cell hybrids is also
necessary.

Generally, the fused cells are cultured in
selective media, for instance HAT medium, which
contains hypoxanthine, aminopterin and thymidine. HAT

15 medium permits the proliferation of hybrid cells and
prevents growth of unfused myeloma cells which
normally would continue to divide indefinitely.
Aminopterin blocks de novo purine and pyrimidine
synthesis by inhibiting the production of

20 tetrahydrofolate. The addition of thymidine bypasses
the block in pyrimidine synthesis, while hypoxanthine
is included in the media so that inhibited cells can
synthesize purine using the nucleotide salvage
-pathway. The myeloma cells employed are mutants

25 lacking hypoxanthine phosphoribosyl transferase (HPRT)
and thus cannot utilize the salvage pathway. In the
surviving hybrid, the B lymphocyte supplies genetic
information for production of this enzyme. Since B
lymphocytes themselves have a limited life span in

30 culture (approximately two weeks), the only cells
which can proliferate in HAT media are hybrids formed
from myeloma and spleen cells.

To facilitate screening of antibody secreted by
the hybrids and to prevent individual hybrids from

35 overgrowing others, the mixture of fused myeloma and
B-lymphocytes is diluted in HAT medium and cultured in
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avai |l abl e through m crobial synthesis in the 35 gastrointestinal tract

(See Reddy, B.S., B.S. Wst mann, and J. R Pl easants. 1968
Nutritionally - 16 - adequat e
diets f\@p @pngesf ree animals, p. 87-111 In M E. Coates [petmsehB8ros7
germfree animal in research. Acadenyg Press, London). An exanple of

such a diet is 5 L-485, an inexpensive diet that has been extensively
tested (See Kellogg, T.F., and B.S. Wstmann. 19609.

multiple wells of microtiter plates. In two to three
weeks, when hybrid clones become visible
microscopically, the supernatant fluid of the
5 individual wells containing hybrid clones is assayed
for specific antibody production.
The assay must be sensitive, simple and rapid.
Assay techniques include radicimmunoassays, enzyme
immunoassays, cytotoxicity assays, and plagque assays.
10 :
4.9. CELL PROPAGATION AND ANTIBODY PRODUCTION
Once the desired fused cell hybrids have been
selected and cloned into individual antibody-producing
cell lines, each cell line can be propagated in either
15 ©of two standard ways. A sample of the hybridoma can
be injected into a histocompatible animal of the type
that was used to provide the somatic and myeloma cells
for the original fusion. The injected animal develops
tumors secreting the specific monoclonal antibody
20 produced by the fused cell hybrid. The body fluids of
the animal, such as serum or ascites fluid, can be
tapped to provide monoclonal antibodies in high
concentration. Alternatively, the individual cell
‘lines can be propagated in wvitro in laboratory culture
25 Vessels. The culture medium, containing high _
concentrations of a single specific monoclonal

antibody, can be harvested by decantation, filtration
or centrifugation.

30 4.10. USE OF THE MONOCLONAI, ANTIBODY
The monoclonal antibodies made by the method of
the subject invention can be utilized in any technique
known or to be developed in the future that utilizes a
monoclonal antibody.
35 A major use of monoclonal antibodies is in an
immunoassay, which is the measurement of the antigen-
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Rat and nmouse stock diet L-485. Lab. Anim Care.) and can be

commerci ally produced (see Table 2). Suppl enmentation with specific am no
acids rather than 10 increased total protein content should be considered
as a neans_to conpensate for loss in protein quality. I ncreasing the

total pr&{@PHOBEhtent of the diet will result in a greate® EAHRRIMNE7 0N

and excretion of

t he nunber
si ze.

wat er, causing hunit ¥brditions and thereby linmting 15

of animals that can be housed in an i solator of a given

10

15

20

25

30

35

- 17 -

antibody interaction. Such assays are generally
heterogeneous or homogeneous. In a homogeneous
immunoassay the immunological reaction usually
involves the specific antibody, a labeled analyte, and
the sample of interest. The signal arising from the
label is modified, directly or indirectly, upon the
binding of the antibody to the labeled analyte. Both
the immunological reaction and detection of the extent
thereof are carried out in a homogeneous solution.
Imnmunochemical labels which may be employed include
free radicals, fluorescent dyes, enzymes,
bacteriophages, coenzymes, and so forth. The major
advantage of a homogeneous immunoassay is that the
specific antibody need not be separated from the
labeled analyte.

In a heterogeneous immunoassay, the reagents are
usually the specimen, the specific antibody, and means
for producing a detectable signal. The specimen is
generally placed on a support, such as a plate or a
slide, and contacted with the antibody in a liquid
phase. The support is then separated from the liquid
phase and either the support phase or the liquid phase
is examined for a detectable signal employing means
for producing such signal. The signal is related to
the presence of the analyte in the specimen. Means
for producing a detectable signal include the use of
radiocactive labels, fluorescers, enzymes, and so
forth. Exemplary of heterogeneous immunoassays are
the radicimmunossay, immunofluorcescence methods,
enzyme~linked immunoassays, and the like.

For a more detailed discussion of the above
immunoassay techniques, see "Enzyme-Immunoassay," by
Edward T. Maggio, CRC Press, Inc., Boca Raton, Fla.,
1980. See also, for example, U.S. Pat. Nos.
3,690,834; 3,791,932; 3,817,837; 3,850,578; 3,853,987;
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TABLE 2 Conposition of Diet L-485 for Rats and Mce 5
1 ngr edi ent

_ . Amount per kg DI ET

%?ougd yel | ow corn (mai ze) 590 g Soybean oil neal

crude,_protein 50 percent) 300 Al fal fa neal (dehydrate

protei\”{%%%‘“fg‘3 Corn oil (once refi ned) Cbcﬁgg%&vﬁ NaCl

10 CaHPJ err] 2H err]0 - 10 CaCJ err]

5 Lysine (feed grade) 5 Met hi oni ne (feed

8rige) _ _ 5 B.H T. (butyl ated hydroxytol uene)

v T RS Ogs 2 3581, 654; 3,935,074; 3,984,533;0378083345; VI TAMN
and 4,098,876, which listing is not intended to be
exhaustive.

5 Another major use of monoclonal antibodies are

in-vivo imaging and therapeutics. The monoclonal
antibodies can be labelled with radioactive compounds,
for instance, radiocactive iodine, and administered to
a patient intravenously. The antibody can also be

10 labelled with a magnetic probe. NMR can then be
utilized to pinpoint the antigen. After localization
of the antibodies at the antigen, the antigen can be
detected by emission tomographical and radionuclear
scanning techniques, thereby pinpointing the location

15 ©f the antigen.

By way of illustration, the purified monoclonal
antibody is suspended in an appropriate carrier, e.g.,
saline, with or without human albumin, at an
appropriate dosage and is administered intravenously,

20 €.9., by continuous intravenous infusion over several
hours, as in Miller et al. In Hybridomas in Cancer
Diagnosis and Therapy (1982), incorporated herein by
reference.

The monoclonal antibodies of subject invention

25 can be used therapeutically. Antibodies with the
proper biological properties are useful directly as
therapeutic agents. Alternatively, the antibodies can
be bound to a toxin to form an immunotoxin or to a
radiocactive material or drug to form a

3p radiopharmaceutical or pharmaceutical. Methods for
producing immunotoxins and radiopharmaceuticals of
antibodies are well-known (see, for example, Cancer
Treatment Reports (1984) 68:317-328).

It also is believed that polyclonal antibodies

35 derived from a germfree animal also can be utilized in
immunoassays and provide an improved result as
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A | 26,000 | U D err]

1,000 LU E(a tocopherol acetate) . 225 ny

Klerr] (menadi one) 90 Riboflavin

30 20 Pantothenic acid 285 Ni acin

65 Chod osre1seédl ori de 2,000 peruSisfdrhdy

(0.1 percent trituration in mannitol) . 362~ Thlan1ne HC . .

65 Pyri doxi ne HCl 20 Folio acid
~ 10 Par a- am nobenzoi c acid 50 25 TRACE

M NERAL M X (conmmerci al IVH as manganous oxi de

65 ny ¢omparéartoupolgehonaleantibodies derived fromgg Cu as

nc |
igpper Oﬁlggscaf%?Yﬁﬁt%%g?% animal. Pol%clonal anglbgélgs égﬁgves as

cobalt carbonatfrom a germfree animal cap. be made by ut$léaimgtarilization

(See Reddy, B. Hyer®free anlmaybshgaaascﬁﬂﬂe& RerEiRABEYLS: aﬁ868

iti ate diets fo ermfree_aninmals/ 87-111 In M
Nutritional Iy 1mmun1zatgon techniques,gas described herelnabove,

followed by separating the polyclonal antibodies from
the animal by conventional techniques, e.g. by
separating the serum from the animal.
10
A_FIBRIN-SPECIFIC MONOCLONAL ANTIBODY
5.1. BACKGROUND
The hemostatic mechanism is a complex

physiological response mechanism involved in repairing
15 damage to a ruptured blood vessel. Hemostasis is
achieved through the co-operative interactions among
the wall of the damaged blood vessel, the platelets
and the coagulative system. The role of the
coagulation system is to provide an extensive fibrin
20 network to stabilize and anchor the platelet plug
which has been assembled on the subendothelial
structure of the damaged vessel. The formation of the
insoluble fibrin matrix from circulating fibrinogen is
the result of a complex sequence of reactions
25  culminating in the explosive production of thrombin at
the required site. Coagulation is an amplification
process involving a chain of enzymatic reactions in
which proenzymes (clotting factors) are activated
sequentially to active enzymes. There are a number of
30 Physiological mechanisms controlling the fibrin
polymerization process involved in thrombus formation.
These include the thrombin inhibitor antithrombin IIIX
(ATIII), protein C, prostacyclin and various
components of the fibrinolytic system such as tissue
35 Plasminogen activator (t-PA) and its fast acting
inhibitor (PAI).
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E. Coates [ed]. the germfree animal in research. 35 Academ c Press,
London) Actual procedures will depend on the

equi pnent avai l abl e. Three factors are of general inportance: 1.
A pre-sterilization vacuum whenever 5 possible, of at least 20 in. Hg w ||
assi stWOt9sWRF68 penetration of the diet in a clave or cyl iREEPSAHATON to
t he at nosphere. A vacuumof 28 in. Hg B7 mADre is recomended when the
supply cylinder is not vented to

The homeostasis hypothesis proposed by Astrup in
1956 Astrup, T., Blood 11, 781-806 (1956) states than
an equilibrium exists between fibrin formation
5 (coagulation) and fibrin dissolution (fibrinolysis).
In the normal or healthy state these functions are

evenly balanced. However, when the hemostatic process
is impaired, coagulation and fibrinolysis are
pathologically expressed as thrombosis and hemorrhage,

10 respectively. The clinical manifestations of
pathological thrombosis or thrombotic disease are
extremely diverse and include disseminated
intravascular coagulation (DIC), deep vein thrombosis
(DVT), arterial and venous thrombosis.

15 Thromboembolism and thrombotic complications of other
vascular disease (eg. atherosclerosis) can result in
occlusion of major arteries leading to organ ischemia
and the attendant life-threatening conditions such as
cerebrovascular accident (stroke), myocardial

20 Ainfarction, etc.

' The fibrinolytic process involves the conversion
of an inactive zymogen, plasminogen, to the
proteolytic enzyme, plasmin, through the action of
agents known as plasminogen activators. The molecular

25 mechanism of physiological fibrinolysis is not fully
understood, but it is known that during fibrin
formation plasminogen binds to fibrin where it can be
activated by plasminogen activators, e.g. t-PA. In
this manner plasmin generation proceeds within the

30 thrombus where it is protected from inactivation by
the main physiological inhibitor of plasmin, alpha,-
antiplasmin.

Upon exposure to plasmin, fibrinogen and fibrin
are broken down to their degradation products.

35 Fibrinogen breaks down into fragments X and ¥, and
upon further exposure to plasmin, fragments D and E.
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t he at nosphere. 10 2. Use of the shortest sterilization phase that
W ll ensure total sterility, with an added safety mar gi n di ctated by
equi pnent and skill. Tenperatures nmeasured at the inner core of the diet
shoul d reach at | east 121[err]C (250[err]F). At that tenperature t he

actual Xpo9kRideki zati on phase should [ast a m ni num of 15 %94;093'87 Wth
hi gher sterilization tenperatures, -sfgrilization tines mAII

relatively shorter. 3. A post-sterilization vacuumw Il speed the
reduction of tenperature of the diet. This will avoid 20 unnecessary heat
destruction of nutrients. However, t he design and performance of the

apparatus nmusgjpein bréslﬁguabemt R0 ¥ Qlatmledles IUR NG t4UE 5! 2PEROf the
oper ati on. In.steamsterilization of. diets, the goal |s to 25

avoi d both |nBSHﬁF€P§S§P€FPP|f&PF&H ahd Gressddaked D-dimex i PrBAEl dammge
caused by excesmpleky Fraisegedy-D-dilvext iamgl XAldlhicyuphessofeomut ri ent | oss

I S unavoi dabl e . - ptable results may be obtai ned by
mani pul ati 8n Srpsséénﬁgd %l?§§%'Technical procedures_such as tenperature,
time pre-sterilizafssaysnfopomarkeasi of; Hhrembotdisulisordenadhpyel et si ze.

been conducted until quite recently using polyclonal
antibodies in both radioimmunoassays and latex
agglutination type assays. These assays have been

10 demonstrated to be extremely unreliable by Gaffney
(Gaffney, P.J., Ann. N.Y. Acad. Sci., 408, 407-423
(1983). More specific and sensitive immunoassays
(such as ELISAs) using monoclonal antibodies are
becoming common practice in clinical laboratories.

15 The limiting factor in these diagnostic assays is the
specificity and affinity of the particular monoclonal
antibody employed. The generation of highly specific
antibodies to any of the potential indicators of
impaired hemostasis is hampered by both low levels of

29 indicators and the antigenic relatedness of the
particular marker with its precursor, which is
normally present at much higher levels in plasma.
“Examples are the formation of complexes between
enzymes and their inhibitors eg. thrombin-antithrombin

25 III, plasmin-alpha,-antiplasmin, t~PA-PAI-l1. The
number of new antigenic sites generated by such
complex formation is extremely small and makes the
production of immunological probes (such as monoclonal
antibodies) difficult.

30 Likewise, the major problem associated with the
acquisition of a monoclonal antibody to fibrin has
been the structural and conformational similarities
between fibrin and its physiological precursor
fibrinogen. It has been estimated that the

35 conservation of covalent structure when fibrinogen is
converted to fibrin is greater that 98% (Plow, E.F.,
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(b) The water content of the diet. An increase In water content | eads
to better recovery of B 35 vitamns after sterilization (See Zi nmerman,

D.R, and B.S. Wistmann. 1963. Vitamin stability in diets
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et al., Semin. Thromb. Haemostas, 8, 36 (1982) and,

therefore, only a small percentage of the epitopes on
the fibrin molecule are in fact neoantigens (and
g unique to fibrin). Many of the approaches which have
been adopted to acquire fibrin antibodies have
concentrated on immunizing animals with soluble fibrin
fragments and synthetic peptides which mimic exposed
neocantigenic sites on fibrin. See Hui, K.Y., et al.,
10 Science 22, 1129-32 (1983), Scheefers-Borchel, V., et
al., Proc. Natl. Acad. Sci USA, 82,7091-95(1985),
Elms, M.J., et al., Thromb. Haemostas, 50, 591-94
(1983, and Kurdryk, B., et al., Mol. Tmmul., 21, 89-94
(1984). However, it is believed that the binding site
15 ©of such antibodies is conserved during the fibrin
degradation process and, therefore, such antibodies
also can bind to fibrin degradation products.
The subject invention permits one to take a
completely different approach and utilizes the intact
20 fibrin antigen in conjunction with the enhanced
immunological sensitivity of the antigen free (AF)
animal to produce a fibrin-specific monoclonal
antibody. For the purpose of the subject invention, a
fibrin-specific monoclonal antibody binds to fibrin
25 and not to fibrinogen, the fibrinogen degradation
products or the fibrin degradation products.

5.2. MATERIALS AND METHODS
5.2.1. ANIMAILS
30 Germfree BALB/cAnN mice were obtained from the
germfree (GF) colony maintained at the University of
Wisconsin. The animals were transported to our
facility under GF conditions. The Antigen-Free (AF)
colony was initiated by moving pregnant GF mice fed a
35 nhatural ingredient diet L-485 (See Pleasants, J.P., et
al., J.Nutr. 116, 1949-1964 (1986)) to an AF isolator

is Sheet Has Been Replaced
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- steritized for gernfree animals. J. Nutr. 79:318). For solid diets, a
wat er content up to 25 percent, or as high as proves to be conpatlble
with the storage 5 quality of the diet, is reconmended. A change in

wat er content of the diet should be follomed by a new test of the rate
at which the diet_ reaches sterilizing t enperat ure. RADI AT ON

STERI LI ZATIVRSP89% Reddy, B.S., B.S. 10 Wstmann, and J. R Pl 85L4{5p407087
1968. Nutritionally adequate diets for™ g%?n}free animals, p. 87-111 In
ME. Coates [ed]. The germfree animal in research. Acadeni ¢ Press,
London; Ley, F.J., J.Bleby, ME. Coates and J.S. Paterson. 1969.

Sterlllzatlon of 15 | apor at ory ani nal, I a radj ati on. Lab.
Anim 3:221) where TReRtGRe¥eXfd WG %treé %]%'ﬁ%&ﬁ(yo%%ﬁepnent
and type of radi ehembcaRlyhdedlinedn (Pedd diet. r &thedin @ffefpariing,zation is

Fecommended t hat THiEpoHad neyeEy ali¥leeds | Mhedoetd d gy, L5 TPl PRV
s Ingredient (NI) diet, were weaned from maternal milk
to cD diet and were designated the first AF
generation. The AF mice were mated in pairs until the
female was noticeably pregnant; then the male was
removed to ensure that the female would thereafter
10 Treceive her full daily lipid supplement. Young were

weaned at 24 days of age.

5.2.2. HOUSING
AF breeders were housed in pairs in one half of a
35 Standard polycarbonate mouse cage 28x17.8x12.7cm. The
bottom had been cut out and replaced with a false
bottom of mesh stainless steel. A longitudinal
divider of sheet stainless steel was bolted to the
ends of the plastic cage, projecting enough above and
20 beyond the cage to hold in place a lid of stainless
wire. This recessed 1id, which normally fits inside a
cage, was inverted to provide more adequate head room
above the false bottom. Stainless steel collars of
appropriate size were welded to the top of the 1lid to
25 hold 60mL diet bottles. Four stainless steel cups
were welded to the sides of the longitudinal divider
at the ends, halfway between the false bottom and the
top. (A picture of the cages appears in Pleasants,
J.R., The germfree system for aging and immunity In:
30 CRC Handbook of Immunology in Aging, (Kay, M.M. B.S.
Makinodan, T., eds.), pp. 257-297, CRC Press, Boca
Raton, Fl. (1981). The diet bottles were of brown
glass. Both diet and water bottles had plastic lids
with holes drilled in their centers. The bottles were
35 filled and inverted in their collars. The lipid
supplement was measured daily into the stainless steel
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To nmonitor sterility achieved with any specific 25 sterilization

procedure, the use of Bacillus st ear ot her nophi | us spore strips is
recomended. The strips should be enbedded in the core of the diet.
Al'so, the isolator and its aninmals should be peri odical ly

m cr obyglga@isgl | y nonitored. Such 30 nonitoring i s necessecpubswérags for
acci dent al contam nations resullipng frombreaks in the isolator
barriers or frominadequate sterilization of the i solator or its
contents. This can be acconplished as described in Wstmnn, B.S.,

Ed., Gnhotobiotes: 35 Standards and Guidelines for the Breeding Care and
Managenent ghplsabonaiRRstAl Bl waiald Xivda Resed Céach cage to
receive wastes.
The filter paper which served both as bedding and

s as ingestible fiber was Whatman ashless filter paper
No. 41, purchased as clippings (Sargent Welch). For
bedding the paper was cut into strips. Uncut squares
of the paper were used for cleanup inside the
isolator. The paper was autoclaved for 25 min at

10 121°C, or was irradiated (4.5 Mrad) in plastic bags.
All mice received enough paper to cover one end of the
cage. It was replaced when it became wet, yellow or
dirty.

The cages were maintained inside a 1.37x0.6x0.6M

35 flexible isolator of the Trexler type (Trexler, P.C.,
Lab. Anim. Care, 13, 572-581 (1963)), using standard
gnotobiotic technology (see Wostmann, B.S., Ed.,
Gnotobiotes Standards and Guide Lines for the
Breeding, Care and Management of Laboratory Animals,

20 National Research Council, National Academy of
Sciences, Washington, D.C.) The isolators were
maintained in a room at 21°C on a 12h light dark |
schedule.
A 2.5cm diameter Tygon tube 7.55cm long was sealed to

25 the top of the isolator and closed with vinyl stoppers
at both top and bottom. This provided an entry for
sterile filtration of diet, water and oil.

5.2.3. DIET

30 Table 1 indicates both diet composition and the
sequence for dissolving the ingredients in
ultrafiltered Milli-Q water (Millipore, MA). The
amino acids and dextrose were Sigma tissue culture
grade. Vitamins were also from Sigma except for pure

35 retinyl palmitate, kindly supplied by Hoffman-La
Roche, Inc. (Nutley, NJ). The other reagents were

' This Sheet Has Been Replaced
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1970, . pp. 28-39.

As a usef ul

aci d-extractabl e thi anmi ne as an

Council, National Acadeny of Sciences, Washi ngton, D. C.,
5 ESTI MATI ON OF NUTRI ENT LOSS DURI NG STERI LI ZATI ON
check on the loss of vital nutrients, det erm nati on of

added t oybhesoisesdi et i s recomrended (See Wbstmann, B.S. angclf,dsg s
Kni ght. 1960. The effect of nethyl al cohgl on the conversion 0O
to thiochrome. Experientia 16: 500). A recovery of |ess than 25 percent

i ndi cat es

diet. Wth adequate equi pnent and care,

shoul d be achir@ypey cert:.fx?&%e@fn%é?i@' Erhe comepletEi? & Of the

severe inpairnent of general nutritional quality of

i ndi cator of the recovery of thiam ne

15 recoveries of 50 percent or

[ experi_nentati on tra care should be
general | y h'QEOS%%H dfﬂ% was fllte cold through an Amicon

t aken never t

5

10

is5

20

25

30

35

Diaflo TC3 ultrafilter using three Pml10 membranes
150mm in diameter (Amicon).

The ultrafilter membranes had a molecular weight
cut off of 10,000 daltons. The assembled ultrafilter
apparatus was sterilized before use by passing a 0.15%
sodium hypochlorite solution through it, followed by
thorough washing. Ultrafiltered diet was stored at
4°C in sterile reservoirs until needed. The diet was
introduced into the AF isolator using a 0.2um Nylon
(MSI) filter in an autoclaved pressure filter holder
with its delivery tube inserted into a No 6 Neoprene
stopper. For this purpose, the upper vinyl stopper
was removed from the Tygon tube sealed to the top of
the isolator, and the interior of the tube was sprayed
with a sterilizing solution of 2% peracetic acid
containing 0.1% alkyl-aryl sulphonate. The filter
holder stopper was inserted in place of the upper
stopper. After 20 minutes the lower stopper was
removed (inside the isolator) and diet or water was
filtered into the isolator under 20 psi of nitrogen.

The composition of the lipid supplement is given
in Table 2. The soy triglycerides were a preparation
made from those methyl esters which vacuum distilled
over a temperature range yielding the esters from
palmitate to linolenate. These esters were then
transesterified with glycerol to form the mixed
triglycerides. (Nu-Chek Prep, Elysian, MN). The fat-
soluble vitamins were added to the triglyceridé
mixture before its filtration into the isolator at
which time it was warmed to 50°C and filtered into the
isolator by the same procedure used for the water-
soluble portion of the diet.

I am ne

nor e
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20 use diet that has decreased significantly in nutritional value. It
is reconmmended that (a) nonsterilized diet always be stored under
refrigeration, and never for |onger than one nonth, and that (b)
storage tine of sterilized diet inside 25 the isolator should be one week
or | essworsd/ors68t never exceed ten days. BEDDI NG PCT/US94/07087
Beddi ng shoul d be changed at |east once g5 week. 30 It is recommended that
beddi ng material be easy to sterilize and not readily eaten by the
animals. It shoul d not yield toxic conpounds as a result of the
sterilization procedure. Dustfree white pine chips (sawdust) and
shavings are reconrméldpﬂplﬁas:swnd @ae a aﬁemm:a?d @h@wiﬁm?day crushed corn
cobs are acc%ptabl Eigt ceau qu§ eda£ resi_nous %Pods
and ncreasing the pid supple en as greatly decrease

the mortality rate of newborn mice. The average

§ litter size has also increased to that of
conventionally reared animals. Lactating females
received twice the normal amount of lipid supplement.

10
15
20
25
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- 21 - har dwoods are not recommended. Ethyl ene oxi de sterilization
shoul d not be used until the question of possi bl e formati on of harnful
conpounds has been 5 clarifi ed. WATER Drinki ng wat er nust be
sterilized. It may be aut ocl aved i n square pack flasks, Mason jars, or
tanks 10W@tRS#dH6@d to the unit. A small air space should be PCT/U8%407081 de
each cont ai ner. PRI NCl PLES ©F4#£ESAREAN DERI VATI ON OF GNOTOBI OTES
The success of any cesarean operation is keyed in

TABLE 1

Composition and preparation of
chemically defined diet L489ElSe

S Amount
(grams/100 grams
Ingredient of Ingredient)

To 192 ml Milli-Q water 70°C the following were added:

Leucine 1.9
10 Phenylalanine 0.74
Isoleucine 1.08
Methionine 1.06
Tryptophan 0.37
Valine 1.23
Asparagine 0.91
Arginine HCl 0.81
Threonine 0.74
15 rLysine HC1 1.77
Histidine HC1 0.74
The solution was cooled to 45°C and the following
added:
Glycine 0.59
20 Proline 1.48
Serine ' 1.33
Alanine 0.59
Sodium glutamate 3.40
L-tyrosine ethyl ester HCI 0.62
Ferrous gluconate 0.05
Salts 35D! 0.105
- Sodium Selenite? 0.074
Solution cooled to 5°C and the following added:
Calcium glycerophosphate 5.22
Magnesium glycerophosphate 1.43
Calcium chloride 2H,0 - 0.185
Sodium chloride~Potassium Iodide
30 (KI) mix (containing
680mg KI) 0.086
Vitamin B mix 111E5? 0.09
Vitamin B12* 1.20mg
Choline chloride 0.31
Potassium acetate 1.85
35 To 108ml Milli-Q water at 70°C

D-Dextrose, anhydrous was added
This Sheet Has Been Replaced
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15 part to having the pregnancy advance to full term This is
particularly true of animals with short gestation periods, where the
fetus may gain 20 percent of its weight in the final 24 hours before
parturition. Timed matings are reasonably successful, 20 but with animls
yi el di ngWioe?s¢568 tters (rats and mce) it may be hel pf ul PEDUSRA/Q708Dr
the female to deliver the first of fsprd ng before proceeding with the
operation. In guinea pigs, the nost satisfactory method is to sel ect
femal es for surgery by neasuring 25 the spread of the pubic bones (See
Philips, B.P., P.A Wl fe, and H A - Gordon. 1959. Studies on rearing
t he gui nesoatioms nfoetedAbn. SRCYandc spnkEgied Wth8For The
cesar ean- der i wektyafihbtratiope delivered into a gernfree environnent
before they take their first 30 breath of air. They may be taken directly
fron1the ﬁ@@ﬂ&s Qﬁ%ﬁ 330 BixhuEe ?hﬁ?éeﬂns?épi?e

barri er AQQQQ(}HQ ﬁ#qplﬁﬂﬂ%RQﬁum §eb§n1te 1R Eéc?ﬁﬁy t hr ough
a gerniC|da tF&EH q§J7¥;am1 B ﬁt% Efpésge ng ca
preparation offﬁﬁg ﬁa%??w??wv* AR Ral3r dBnVY EPéPlg t#cl udes
removal of abdbttFl hair and cl eani ng and

TABLE 2
10 Composition of lipid supplement LADEK 69E6

Ingredient Amount per daily dose* (0.375ml)

Purified soy triglycerides! 0.33g

15 Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalciferol .0288mg (1.15 I.U.)
2 ambo-alpha-tocopherol 3.3mg
2 ambo-alpha-tocopherol acetate 6.6mg
Phylloguinone 72.0mg

20 _
*Lactating mice received twice the normal adult dose.

lconsisting of: 12% palmitate
1.5% stearate

25 ' 24% oleate
55% linoleate
8% linolenate

30
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- 22 - di sinfection of the operative site. Anesthesia is

acconpl i shed preferentially by dislocation of the cervical vertebrae in
rats and m ce, although an 5 abdomi nal mdline |ocal anesthetic or general
anest hesia may al so be used without incurring serious | evel s of fetal
depreséY‘ér%’Ql%s nortality. Wth guinea pi gs, surgery is HehSi/1P8T
performed after prior sedati on and #fder | ocal anesthesia. 10

Del ivery of the young by hysterotony through a barri er menbrane requires

speci al isol ator equipnent. The Reyniers stainless-steel surgical unit
See
( IABLE 3

Composition of the 35D Salts Mixture

5 salt Amount (per 300ml of diet) (mg)
Mn (acetate), 4H,0 55.4
Zuso, H,0 "40.6
Cu(acetate), H,0 3.7

10 Cr (acetate), H;0 2.5
NaF 2.1
Snso, 2H,0 ‘ 0.37
(NH,) ¢ M0,0, 4H;0 0.37
Nicl, 3H,0 0.37

15 co(acetate), 4H,0 0.11
Na,vo, _ 0.22
Na,Se0; 0.096

TABLE 4
20

Composition of the Vitamin B Mixture 111E5

Ingredient Amount (mg)/300ml Diet)
Thiamine HCl 1.23
25  pyridoxine HCl 1.54
- Biotin 0.25
Folic Acid 0.37
Vitamin B1l2 . 0.37
Riboflavin - 1.85
30 Niacinamide 9.2
i-inositol 61.9
Calcium pantathenate 12.3
Water was Milli-Q ultrafiltered grade and was
a5 filtered into the isolator in the same manner as the

diet.
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Reyniers, J.A 1965. Cernfree |life nmethodol ogy (gnot obi otics) and
experinmental nutrition. p. 458-466 15 1In Proc. 3rd Internat. Congr.

Bi ochem , Bruxelles) has a built-in horizontal netal divider that
separates t he upper and |ower conpartments of the unit._ The divider
cont ai Y¥OR5O138ul ar port covered with a nylar plastic fPERAUSS4/B308Rt ai n
the integrity of the upper 20 conpartnéit- The femnle, prepared for
surgery, is pl aced in the | ower conpartnent with the abdonen

pressed against the nylar. Al surgical instrunments are in the upper

conpartnent, and the surgery is
incision is made 25 thPodgh-thHl

oerforned in thls sterile area. An
BLOLOGRGAL 4 el ectrocautery or

scal pel . The sel quieeradﬁzqm-ﬁ@@tgpcmanasbtadeemor niirfisided for
skin incision. The .edges of_the Ianped t oget her

| ar are
and refl ect efonkamin |?%F%ﬁé&ﬂ9i%°d?%ﬁ€%lg¥%? Fﬁg 8B&ordh to cover the
30 cut edgesdetﬁannﬁansanddma(hﬁﬂﬂbiGﬁet@hhotics Stabdazdsk@ndim

chl ori de ﬁ@elﬁ,é&pgfd:ﬁg bPEeding cE¥80SAE hARGHRRRRAOISE Obeni ng the

abdom nal trene cautlon nust be exerciSed _to avoid cutting
into the boméaboﬁ?etqrﬁéeﬁrﬂ%l%f NagippabiReseaEpl §Puncid henpstat s

bet ween t he nﬁrﬁitdxwlalmﬁ?démﬁndftsewneeer awashingtion,be.lxl pful . The
S thgp qggped swa shwetted with diet and water from inside
10 the isolator were used to obtain fecal smears obtained
fresh from the mouse and from the accumulated waste

under each cage. Smears were also taken from the
walls of the isolator particularly around the entry
ports. Duplicate smears were always taken. One set

15 Wwas tested by direct microscope examination for
bacteria and fungi, using a gram stain. The second
set of swabs was used for detection of microorganisms.
Three weeks were allowed to elapse before a culture
was considered to be negative.

20 Microbiological testing was performed
approximately every two weeks or a few days after a
new entry to the isolator had been made.

5.3. THE PRODUCTION OF MONOCLONAL ANTIBODIES
USING ANTIGEN-FREE _MICE

The antigen-free mice described hereinaboﬁe were
used as the lymphocyte donor in the production of
monoclonal antibodies. Solutions of all antigens were
prepared under sterile conditions in a laminar flow
hooqd.

The following protocol was adopted for the
immunization of the AF mice. The antigen (25-50 micro
g) was dissolved in sterile saline (100 micro 1) and
emulsified with an equal volume of Freund's Complete
Adjuvant (FCA). Interferon (1000 units) was added to
the solution of antigen prior tc the preparation of
the emulsion. Sterile syringes and needles were used

25
30

35
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- 23 - young renoved. The fetal menbranes are renoved, and t he
unbilical cord is clanped and cut. The young are gently dried and
massaged to stinulate respiration. 5 They are then transferred to a rearing

unit t oster-nursed or hand-fed. Another sheet of be
securegv(g%é?lsf%e surgical port and the procedure r epeat %lrwstggl%i@"rmny
as 5 or 6 femal es w t hout serious Ti%% Of contanination. Cesarean
delivery may

for all immunizations. The syringes were transferred
to the AF isolator via the entry port where they were
sterilized by spraying with a solution of peracetic

g acid (2%). Booster injections were given using the
same amount of antigen and the replacement of FCA with
Freund's Incomplete Adjuvant. A total of three
booster immunizations were given each at intervals of
three weeks. The final boost (without adjuvant) was

10 9given 4-7 days prior to fusion. All immunizations
were given intraperitoneally. The mice were removed
from the isolator on the day of the fusion and were
immediately sacrificed by CO, asphyxiation The spleens
were removed and the splenocytes fused with mouse

15 myeloma cells (NS1) using standard hybridoma
technology.

5.4. USE OF THE ANTIGEN-FREE ANIMAL SYSTEM
FOR THE PRODUCTION OF A FIBRIN-SPECIFIC
MONOCI.ONAT, ANTIBODY

The antigen-free system was used to generate a
fibrin~-specific monoclonal antibody. The antibody is
highly specific and does not recognize fibrinogen,
fibrin degradation products or fibrinogen degradation
'products. The hybridoma cell line was produced by
fusion of splenocytes from antigen free BALB/c mice,
immunized with human fibrin, and NS1 myeloma cells.

20

25

5.4.1. IMMUNIZATION SCHEDULE

Three eight week old female antigen free mice
were immunized with 33 micrograms of a human fibrin
preparation. The preparation was a freeze fracture
sample of fibrin which was prepared as follows:

Human fibrinogen was converted to fibrin by
thrombin and Factor XIIIa. The fibrin clot was then
frozen in liquid nitrogen and reduced to an extremely
fine powder by mechanical disruption. A dispersion of

30

35
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mwlgﬁa#so’bé'ﬁEEaﬁpl|shed using a plastic isolator or glove bag as a
surgical unit. The exterior surface of the I solator floor is
presterilized and brought into contact with the animal's abdonen, thus
serving the sanme purpose as the nylar sheet described above. 15

Fol | owi ng t h&¥QREIHESon the slit in the plastic barrier can HRCTEUHIOT087
with sterile tape and the surgi cal procedé®e-repeated on additional
gravid femal es. Delivery of the young by hysterotony is nore
20 common when pl astic isolators are used (See Foster, H. 1959. A
procedure for obtaining nucleus stock for a pathogen free ani mal

col ony. Lab. Ani mtlar&reezgsfracturethdihrdmngas nadetinasalingpboedined

cl anped j ust n&@éaersbqutdi%nc%fvle@osﬂleirﬁe@d srefbyiﬁrxﬁ-rﬁ with a
transferred into t ga ree uynit throu m c¢i dal, trap.
r

Once inside the |SSF~H copgensgtjon ot )d?eth ve}%om’agg?%pPﬁlfihﬁ

possible to pr e%enflbrm angiiben ewasofuded alo fimmuisizéotlial anihldy . ar €he
dri ed and

reat hj I ef e r a d and
cut. The infants aygﬂ“ﬁgn% k-' % tglttpif#e& égm erwgé) %%#3 téﬁaﬁé ?@gr ed.
Hysterotony may bemmSQQLch-@é!sﬁttﬁmslq Faldinge and was rthen emulsified | n
gui nea pigs, howevghenhyehehe! @Bscribed in the last section. Two

booster immunizations were administered, at intervals
10 ©f three weeks, using the same level of antigen in
Freund's Incomplete Adjuvant. The final booster was
given 4 days prior to the fusion. The same level of
antigen was used and adjuvant was replaced with
saline.
15
5.4.2. DETECTION AND DETERMINATION OF ANTIBODY
Qualitative and quantitative determinations of
monoclonal antibody were performed using an enzyme
linked immunosorbent assay (ELISA). The ELISAs were
20 Performed using human fibrin immobilized onto a 96
well PVC plate (Costar). The fibrin coated assay
plates were prepared by incubating 100 microlL of a
fibrinogen solution (Kabi, grade L) (50 micrograms/mL
borate/saline buffer) overnight at 4°C. Unbound
25 fibrinogen was removed by washing with PBS containing
0.05% Tween 80 (PBS~-Tween). The fibrinogen coated
onto each plastic well was converted to fibrin by
incubation with 100 microliters of a thrombin solution
(10 NIH units/ml) containing 2mMcacl, for 1 hour at
390 37°C. Standard calibration curves for the antibody
were constructed using a preparation of antibody which
was homogeneous by SDS-PAGE.
To prevent non-specific binding, the fibrin
coated plates were incubated with a 1% solution of BSA
35 in PBS pH7.4. Antibody containing solutions (100
microl) were then added and incubated at 37°C for 90
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since a high nortality occurs if as nuch 35 as two minutes

elapses bet ween the severance fromthe
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mat er nal bl ood supply and delivery inside t he i sol at or.
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20
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minutes. After each step in the procedure the wells
were extensively washed with PBS-Tween. Bound
antibody was detected by the addition of a 1000 fold
dilution of rabbit anti-mouse antibody conjugated to
alkaline phosphatase (Sigma) diluted in PBS, 1% BSA
pHS8.O0.

5.4.3. PRODUCTION OF HYBRIDOMAS - FUSION

The mice were sacrificed by €O, asphyxiation and a

splenectomy performed immediately. The spleen cells
from the immunized mice were fused with the fusagent
polyethylene glycol 4000 (3000-3700). The cells were
incubated in HAT selection media in T flasks for 1
week. After this time the cells were plated out into
5 X 96 well plates from which 93 wells showed growth.
Of these, 19 wells were positive for the fibrin
antigen. One of these clones, F492D8 (later renamed
MH1), produced antibody which recognized the fibrin
antigen but did not crossreact with fibrinogen. This
particular'clone, MH1l, was recloned three times by
limiting dilution with the tertiary cloning phase
performed at 1 cell per well. Once the cell line was

" stabilized it was weaned onto a serum-free medium the

cell line produces antibody at the level of
approximately 7.5 mg/liter.

5.4.4. PURIFICATION OF MONOCLONAIL ANTIBODY

Before purification (4 Liter batches of) tissues
culture supernatants were centrifuged to remove
cellular debris and filtered through a 0.8microM nylon
membrane to remove any residual particulate material.
The hybridoma supernatant was concentrated at 4°C to a
volume of 500mL using a spiral wound ultrafiltration
system employing a YM type membrane (Amicon) with
molecular weight cut of 30,000. Buffer exchange to

eet Has Been Replaced
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The usual bro Sister mating system enpl oyed I n conventi onal
b ' col oni es can al so be used in gnot obi otic colonies. 10

NONI NBRED STOCKS True random breedi ng i ncludes sone mati ngs of
siblings and of first cousins. Although such matings are normal ly

avoi ded i n noniwbrss#1ss8eedi ng col onies, 15 the resulting mating SysSPEMUSDES
not decrease the rate of inbreeding to the gaxinum extent possible. Any
system of m ninmal inbreeding can be used. (See Fal coner, D.C. 1967.
Genetic aspects of breeding met hods. p. 72-96 In The UFAQ handbook on

the care and 20 managenent of |aboratory animals, 3rd ed. E and S
Livingstone, LTd., Lcoaen; zw&tﬂzmo&mnrehh&hensunphomcl astiiat yMES)Qr pH6

Laboratory Ani mal Res 0,.ge

| abor at ory ani mal s. (Eﬂﬁé% (ﬁb C:%ccomg?iggléngg agégﬁﬁingﬂﬁﬁtjggéﬁgdiﬂﬁ
Conpar abl e Cbnventloﬁxbtmﬂimamnfﬁﬂtmr%rﬁbibﬁt§§°t1°ns | f Afters fgadihexd to
mai ntai n both conventd &{@én@m:mn £gngt 9bhaileominenbesmr mQOW&Q{eat'Ve

DU POSES, LNCL ! ean S vaby oo et R CHEE, RELLSR2a Rl BRo Ay syl beron
popul ati on of the corueldn aéhbrane before further purification. The
concentrated antibody solution was purified by liquid
chromatography on a Waters HPLC chromatograph using a
10 7.75mm X 10cm ABx column (J.T. Baker, Phillipsburg,
NJ). The column was equilibrated with buffer A and
the sample (100ml) was applied at a flow rate of
1.0ml/min. After extensive washing with buffer A the
antibody was eluted from the column with a gradient
35 from buffer A to 100% buffer B (1M sodium acetate pH7)
at 1 ml/min. Fractions (2ml) were collected and those
containing MAb (as determined by ELISA) were pooled
and dialysed against phosphate buffer saline (PBS)
{(20mM sodium phosphate, 150mM sodium chloride, pH7.4)
20 and stored at -20°C at concentrations > 1lmg/ml. The
ABx column was regenerated by washing for 5 minutes
with 100% buffer B, followed by re-~equilibration with
15 column veolumes of buffer A.

25 5.5. DETERMINATION OF FIBRIN SPECIFICITY
Initial determination of fibrin specificity was
achieved by screening hybridoma supernatants
separately on fibrin and fibrinogen coated microtiter
plates. Only those cell lines producing antibody that
3¢9 did not crossreact with fibrinogen were accepted.
Further confirmation of fibrin specificity was
determined utilizing a competition assay with
fibrinogen in solution, thereby confirming that the
antibody does not recognize fibrinogen in solution.
35 The competition assay employed to ascertain the
fibrin specificity of the antibody was performed as

Replaced



colony into the gnotobiotic colony. This appears to be the net hod of

choice for those producers who pl ace nost enphasis on the production
.of nongnotobiotic rats and m ce but has the di sadvantage of
preventing the 35 establishnent of a mcrobiological pedigree that would
si mpl i f wO®5201888 ol ogi cal nonitoring. ldeally, this PCT/US94/07087

- 25 - could be done by using littexs from specific matings as

breedi ng stock for the conventional col ony and

described for the ELISA assay hereinabove with
preincubation of the antibody with fibrinogen in
solution. Briefly, hybridoma supernatant was
g 1incubated at 37°C for 30 minutes with solutions of

fibrinogen at physiological concentrations (4mg/ml)
containing BSA (10mg/ml) to prevent non specific
binding of antibody to fibrinogen. The
fibrinogen/antibody solution was then transferred to

10 Wwells of a microtiter plate which had been coated with
fibrin. GlyProArgPro (GPRP) was added to the
fibrinogen inhibitor to prevent possible
polymerization of fibrinogen by residual thrombin in
the fibrin wells. The assay is then performed as a

15 conventional ELISA assay for antibody bound to an
immobilized antigen. In all experiments to test the
fibrin specificity of the MH1 antibody a second
antibody 45J was used as a control. 45J crossreacts
with fibrin and fibrinogen.

20

5.5.1. DETERMINATION OF CROSSREACTIVITY
WITH FIBRINOGEN

"5.5.1.1. IMMOBILIZED FIBRIN AND FIBRINOGEN

The cell line MH1 produces a murine monoclonal
antibody which crossreacts with fibrin when it is
immobilized on the surface of a PVC microtiter assay
plate (table 5). 1In the same assay the antibody does
not recognize fibrinogen immobilized on the plate. Aas
the data on table 5 indicate, there is a dramatic
increase in immunoreactivity once fibrinogen is
converted to fibrin by thrombin, indicating clearly
the exposure or formation of a neocepitope on the
fibrin molecule. The control antibody, 45J, however
clearly recognizes an epitope which is conserved when
fibrinogen is converted to fibrin.

25
30

35
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using the next litter fromeach of these matings as 5 breedi ng stock for

the gnotiobiotic colony. If this procedure is followed every second or
third generation, the genetic constitutLons of Eoth col oni es shoul d
remain ( tggl | ar, provi ded, of course, that t he sane stemis
used igwgggﬁsﬁﬁ}ony.plo AIternatLyq%*,_litters fron1tﬂ§&%?&§§%?@% _
breedi ng popul ation of the gnotobiotic cdl ony may be used to establish
or replenish the conventional col ony. The genetic consequences w || be
i dentical, provided the same procedures are followed. 15

RECORD- KEEPI NG § S£8 Wl EMPE‘PIITI%%S;&Sﬁ@%]{ :

record-keeping 1n a br e&ar ng ] : )
the care and Hﬁﬁhd@ﬂ%ﬁ&n0$PP§55FGF§NyQ£Mﬁh§sﬁntwhbixh KHland S 20

Li vi ngstone, akitdbodyONG@HB - further demBheR$a e’ Aifls st %ﬁpt for the
[ ntenance of the isol ator. The an

I nd far t
?ggg?d: 2ﬁouﬁ§%§ﬁ #h?%@éh%PFF PBﬁc?uEFr ant waspreinFukabedhe
bi ol ogi cal paftdr marftibnineden €6lationl {£fifa icmﬂczﬁmtrra'ler@:ﬁ dsf sgpoul d

meintain & mg/aly YOOV 2BV ERTEA! BRAALG, iSSP R PL 1O aSST St
in locating a gMre I'f contamnati
Since such a hlgh level of flbrlnogen was used in this
competition assay (x500 that of the antibody
10 concentration) BSA (10 mg/ml final concentration) was
added to the mixture. The peptide GPRP was added to
prevent fibrin polymerization by residual thrombin on
the fibrin coated wells. The results of this assay
indicate that the MH1 antibody does not recognize
15 fibrinogen in solution (Table 6).
Assuming 400 ng. of fibrin binds to each well of
the microtiter assay plate, then the fibrinogen level
used in this particular competition assay represents a
1,000 fold excess over the bound fibrin antigen. 1In
20 addition it represents a 400 fold excess of the
antibody level in the tissue supernatant.

TABLE 5

Crossreact1v1ty of MH1 Antlbody with
25 Fibrinogen and Fibrin Antigen

MAb A5/ 30 min.

Fibrin Fibrinogen
30 M1 .90 .025

453 " 1.65 1.50

35
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occurs. 30 4 . 3 . THE ANTI GEN- FREE ANI MVAL In a

preferred enbodi nent of the subject I nvention, it is preferred that
the gernfree ani mal be bred on a chemcally defined (CD), |ow
nmol ecul wei ght, water-soluble, ultrafiltered diet. pbrhk

. 1568 : . : TIUS9
bel i eveg&? %’? such a diet permts one _tqobtain conpl ete co?{??r%g-f of
nutrient and antigen intake by the
- 26 -

TABLE 6

Crossreactivity of MH1 Antibody with Fibrin
in the Presence of Fibrinogen

5
MAb Aysm/ 30 min.
+ﬁigrin6gen ~fibrinogen

10 MH1 1.24 1.27

45T 0.438 1.74

5.5.2. DETERMINATION OF CROSSREACTIVITY
WITH FIBRIN(OGEN) DEGRADATION PRODUCTS

15 Fibrinogen degradation products (FDPs) were

prepared by incubating fibrinogen with plasmin at 37°C
for time periods ranging from 10 minutes to 3 hours.
At the desired time fibrinogenolysis was stopped by
the addition of Trasylol (100 Kallikrein inhibitor

20 units/mL) and 20 mM epsilon amino caproic acid (EACA).

| Crosslinked fibrin degradation products (XLFDPs)
were prepared by the addition of thrombin (4NIH
units/mL) to a fibrinogen solution (5 mg/mL) in Tris
‘buffered saline (TBS, pH 7.4, 50 mM Tris HCl, 150 mM

25 NaCl) containing 10 mM CaCl,, plasminogen (0.25 mg/mL)
and urokinase (50 IU/mL). The mixture was incubated
at 37°C and the plasmin digestion terminated at
different time intervals as described herein-above for
the FDPs. ’

30 To determine crossreactivity of the antibody with
fibrin degradation products and fibrinogen degradation
products the appropriate degradation products were
coated onto microtiter plates and ELISAs were
performed by conventional methods. As the results in

35 Table 7 indicate, the MH1 antibody does not crossreact
with any plasmin generated fibrinogen degradation

R0
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animel—SUCH a diet is generally nmade up entirely of I ngredi ents that
are capabl e of chemical definition, e.g., amno acids, sinple sugars,

| ipids, vitamins and 5 minerals. For the purpose of the subject invention a
chem cally defined diet conprises am no acids, sinple sugars, |ipids,
vitam ns and¥Ri%i&&8s and no ot her conponent havi ng a nol ecul BETAHEI4§IN087
greater than about 10, 000 daltons. Thus,52lt of the conponents of a CD
10 diet are of |ow nolecular weight and are naturally circulating
nutrients in animals and, therefore, it is bel i eved that such
conponents wll not stinulate an | mune, response. The recent literature

refers to a gPreduetsan R takke FhdlntiGaed Hiie fubibedy deesnnet
"anti gen-l‘;J egdani E@atcﬁ: with }%L-ﬂ&‘)ir# idedﬁacmeilai rﬁbd\?c?% L i@ﬁig 1; id! ter
paper eddi ng, .ot herwi se the gernfree ani.ma eat . in
which results in é’r}n’qerﬁm%s%cﬁ‘fge‘i’a? {made Wherbeﬁ?%v%’gt’flﬁa‘gyt H@sei‘ﬁsﬁ'&%of
a filter paper shedwimgrsmeast ity dalHestemn blokihing eapaiyeis. .
The particular CD di et ghl &0l Mel SReGFDd M in thdEetiUChnEBBAeNts in

proportions and quantities sO . ] L
recognizes an epitope of the intact fibrin molecule

which is not present or exposed on the surface of the
precursor molecule, fibrinogen. The epitope is

10 apparently destroyed by plasmin digestion of
crosslinked fibrin as the data in table 8 suggest.

Accordingly, the MH1 antibody is a fibrin-
specific monoclonal antibody which can be defined as
follows:

15 For the purpose of the subject invention a
fibrin-specific monoclonal antibody is a monoclonal
antibody that:

1. in a competition assay to measure crossreactivity
with fibrin and fibrinogen, as described

20 hereinabove, the monoclonal antibody has less
than about 75%, and preferably less than about
10%, crossreactivity with fibrinogen when
fibrinogen is utilized in a quantity of a 1,000
fold excess as compared to fibrin,

25 2. in an assay to measure crossreactivity with
crosslinked fibrin and fibrin degradation
products, as described hereinabove, the
reactivity of the monoclonal antibody with the
fibrin that has been digested with plasmin for

30 about three hours is less than about 50%, and
preferably less than about 40%, of the reactivity
of the monoclonal antibody with fibrin at time
zero, and

3. in an assay to measure crossreactivity with

3s fibrinogen and fibrinogen degradation products,

as described hereinabove, the reactivity of the
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as to fulfill known nutritional requirenents for such speci es. The
conposi tion and preparation of a 25 preferred CD diet for gernfree mce is
as” fol | ows: This is
t he repl ac¥a@ato1sBeet PCT/US94/07087

-~ 56 -

monoclonal antibody with fibrinogen that has been

digested with plasmin for about four hours is no

greater than the reactivity of the monoclonal
5 antibody with fibrinogen at time zero.

The MH1 antibody has been further characterized
by determining its affinity for fibrin. The affinity
was determined by Scatchard analysis (Frankel et al.,
Molecular Immunolody, 16, 101-106(1979)) using 125I-

10 labelled MH1 antibody. The value obtained for the
dissociation constant K, was 6.7 x 10" M. sSuch
affinity is about 5,000 times that of the affinity of
t-PA for fibrin.

It has also been determined by Western

1s Immunoblotting analysis that the MH1 antibody does not
crossreact with the Aa, Bf or gamma chains of
fibrinogen. Also, it has been determined by the same
method of analysis that the MH1 antibody does not
crossreact with thrombin treated Aa or BB chains of

20 fibrinogen. (Thrombin treatment of fibrinogen results
in the release of fibrinopeptide A and fibrinopeptide
B from the Ac chain and Bf chain, respectively,
therefore forming the o chain and f chain of fibrin.)

25

30 This Sheet Has Been Replaced
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-. 27 - Conposi tion and preparation of
chem cally defined diet L489E14Se I ngr edi ent
Anmount 5 (grans/ 100
grans owWO 95/01568 | ngr edi PCT/US94/07080 192
m MIli-Qwater at 70[err]c the fol lowng-are added: Leuci ne
1.9 10 Phenyl al ani ne 0.74 | sol euci ne
1.08

TABLE 7

Crossreactivity of MH1 Antibody
with Fibrinogen Degradation Products

5
Plasmin Digestion Time
(mins) A405 030 min
MH1 45J
10
0 0.15 1.037
10 0.10 nm
20 .11 1.02
40 0.11 0.410
15
60 0.10 0.330
240 0.09 0.300
20
TABLE 8
Crossreactivity of MH1 Antibody
with Fibrin Degradation Products
.Plasmin Digestion Time
25 (hours) A405 0730 min
MH1 45J
0 0.890 1.40
30 3 0.354 1.0
5 0.310 0.77

In addition,
control antibody,

as the results in Table 7 indicate, the
453 antibody, binds to fibrinogen and

35 does not crossreact with fibrinogen degradation products.

Accordingly,

such a monoclonal antibody is a fibrinogen-

specific monoclonal antibody and represents another aspect
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Met hi oni ne 1.06 Trypt ophan

0.37 Val i ne 1.23 Aspar agi ne
0.91 Ar gi ni ne HC1 0.81 Thr eoni ne
0. 74 15wo 957015k Si ne HC _ 177 PCT/USbullﬁ‘;(ﬂs?“ ne
HC1 0.74 The sglution is cooled to 45[err]c and
the foll ow ng added: d yci ne 0. 59
Proline 1.48 20 Seri ne

1.33 Al ani ne 0.59 Sodi um
gl utamat e of the subject ihvdhtion. The|f£bﬁiﬁﬂd&hiﬁﬂéélfiﬁer HG

0. 62 Fer ous %gggte be util Sal t

35D err] monoclonal 1bggly; gian be uti ”§é’d|’lﬂna§8‘[ dfmynoassay

0.074 25 Sothatoocanobkeecaitid ized dd ddtermrieowlarmddEibrinogen levels
S?;g;?g;glgcﬁagpogéggateThf i?J’antf%éﬁ% has been fﬂ¥¥H§¥lgﬂaracterlzed
in that it has been determined that the 45J epitope is on
the o chain of fibrinogen in the region from about amino
acid 206 to about 424 and most likely in the region from
about amino acid 207 to about 231. For the purpose of the
10 Subject invention, a fibrinogen-specific monoclonal
antibody is an antibody that in an assay to measure
crossreactivity with fibrinogen and fibrinogen degradation
products, as described hereinabove, the reactivity of the
monoclonal ahtibody with fibrinogen that has been digested
15 Wwith piasmin for about 40 minutes is less than about 50%
of the reactivity of the monoclonal antibody with
fibrinogen at time zero.
The 45J hybridoma was made by conventional techniques
utilizing a conventional Balb/c mouse wherein the mouse
20 Wwas immunized with fibrin. However, fibrinogen also can
be utilized as the'antigen. .

5.5.3. DETERMINATION OF CROSS REACTIVITY
WITH NONCROSSLINKED FIBRIN AND
NONCROSSLINKED FIBRIN CILOTS

It has been demonstrated by ELISA that the antibody

25 MH1 crossreacts with not only crosslinked fibrin (XLFn)
but also noncrosslinked fibrin (NONXLFn). The ELISA was
performed as follows: '

1. 96 well microtiter assay plates were coated with
100ul of a fibrinogen'solution (50ug/mL in borate (pH8.5)

30

saline buffer) at 4°C overnight.

2. Crosslinked fibrin was formed in the fibrinogen
coated wells by incubation for 1 hour at 37°C with a
thrombin solution (1O0NIH units/ml) in Tris buffered saline

(TBS, pH 7.4, 50mM Tris HC1l, 150mM NacCl), containing 2mM
35 cacl, and 10mM cysteine.
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Cal ciumchloride 2H err]0 0. 185 Sodi um chl ori de -

Pot assi um | odi de (KI') mx (containing

680 nmg Kl) 0.086 30 Vitamn B mx 111E[err]

0.09 woO95/01568 Vitamin Bl2[err] 1. 20y PCT/US94/07087
Chol i ne chloride 0-349 - Pot assi um acet at e
1.85 To 108m MIli-Qwater at 70[err]C D- Dextrose,

anhydr ous was added 71.28 35 Solutions cooled to 5[err]C and conbi ned
both for ultrafiltration.

3. Noncrosslinked fibrin was formed in the
fibrinogen coated wells by incubation for 1 hour at 37°C
with a thrombin solution (10 NIH units/ml) in phosphate

g buffer (pH 6.1) containing EDTA to a final concentration
of 0.0125M. '

4. The bound antibody was determined by incubation
with an antimouse alkaline phosphatase conjugate. Bound
conjugate was determined by the addition of an alkaline

10 DPhosphatase substrate and the resultant colorimetric
reaction monitored at 405nM in an automatic plate reader.

The results of the assay are shown in Table 9 and it
can be concluded that the antibody crossreactivity with
crosslinked fibrin is greater than it is with

15 noncrosslinked fibrin. The simplest explanation being
that the covalent crosslinking present in the crosslinked
polymeric structure serves to lock or freeze the
conformation which the antibody recognizes. In the
noncrosslinked species the conformation, although it is

20 formed, it is not stabilized by covalent bonding of the
polymer. '

It has also been demonstrated that the antibody
crossreacts with both crosslinked and noncrosslinked
clots, formed in vitro. Crosslinked fibrin was'prepared

25 Dby incubating a fibrinogen solution (In Tris (50mM, pH7.4)
saline, containing CacCl, (2mM) and cysteine (10mM)) with
thrombin (10NIH units/ml) for 3 hours at 37°C. The non-
crosslined fibrin was formed by incubating a fibrinogen
solution (3mg/ml) in phosphate buffer (pH6.1) containing

30 EDTA to a final concentration of 0.0125M with a thrombin
solution (1ONIH units/ml) for 3 hours at 37°C. After
formation of the clots, they were washed and incubated at
37°C with 400ul of a 1% BSA solution containing '»Iodine-
labelled MH1 antibody. Small aliguots of solution were

35 removed at different time points and the amount of
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- 28 - ‘Conposition of salts 35D m xture given in table 3 [ err] Added

in addition to sodiumselenate in Salts 35D [err] Conposition of vitamn
B m x111E5 as ﬁ&?&ﬁf in Table 4 [err] Added in addition to vitamn B-12
invitamin Bmx ~OM8FE5 (see EXAVPLE her ei nbel ow) 5 Such
conposition is fed to mce or rats ad l'i bi tum Conposi tion of
li pid suppl ement LADEK 69E6 10 | ngreali ent PCIVOS9Y/0705,
per daily adult dose* (0.385m)
Purified soy triglycerides[err] 0. 33g Retinyl palmtate
6.45ng (11.7 1.U ) @ntibody uptake

gamma count as determineq by countj

er, ing the Plasma in &

10

1s

20
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Chol ecal ci ferol 0.0288ng (1.151.U.) 15

2anmbo- al pha-t ocopher ol 3. 3ng 2anbo- al pha-t ocopherol acetate
6. 6ny Phyl | oqui none 72ng *Lacating mice receive
twi ce the normal adult dose. [err]consisting of: 12% pal mtate 20
1. 5% stVeQ 9508568 24% ol eat e PCT/US94/07087
55% | i nol eate - &% |+ nol enat e For a
detail ed description of CD diets see Pl easants, J.R, et al., J.
Nutr., 116, 1949-1964 25 (1986), Pleasants, J., et al., Cernfree

Resear ch: Mcroflora Control and Its Application to the

Bi onedi cal Sciences B.S. Wstmann, Ed.TABLEZ® |jss, New York (1985);
yb;tnan? St @f%ééﬁf?étluﬁ 8 of MH1 ik iBedy (&Qﬁﬁ)Crwgiﬂﬂﬁkﬁﬁ”ﬁﬁﬂ

R, et a ; ut r

498 81910%k %h%,q)sclosures of which are
i ncorporated herein by referencel@NSLOSS = PRODUCTI ON OF
NCNOCLCNA% ANTI BODY

Antibody Crosslinked Noncrosslinked
Concentration Fibrin  Fibrin
(ng./ml.) (Absorbance at 405 nanometers)
100.000 0.764 0.409
30 50.000 0.460 0.319
25.000 0.305 0.154
12.500 0.174 0.074
6.250 0.069 ' 0.000
15
TABLE 10
Crossreactivity of MH1 Antibody with Crosslinked
and Noncrosslinked Fibrin Clots
20 Fibrin Clot % Uptake of Labelled Antibody After 8 Hours
Crosslinked 79%
" Noncrosslinked 76%
25

5.6. DEPOSIT OF HYBRIDOMA
MH1 and 45J were deposited in the American Type
Culture Collection (ATCC) on June 9, 1988 and given
30 accession number HB 9739 and HB 9740, respectively. The
ATCC is located at 12301 Parklawn Drive, Rockville, MD.
20852. MH1l antibody is an IgG, antibody with a kappa light
chain and it has been observed that the MH1 antibody

crossreacts with not only human fibrin but also rabbit
35 fibrin.
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The gernfree animal is then utilized for the 35 production of nonocl onal
anti bodi es. The gernfree system can be utilized to produce a

nonocl onal - 29 - anti body to
any antjgen that the animal in a nongernfree state coul d_produce. An
exenpl afy 1HYeshf antigens appears in U S. Patent 3, 935,882(”5%9@%@, 5
it is believed that the gernfree ani mal §% 6vi des a much enhanced i nmune
response to the antigen. Thus,

The subject invention is not intended to be limited

in scope to the hybridomas deposited but they are intended
as a single illustration of hybridomas that produced a

g fibrin-specific monoclonal antibody and a fibrinogen-
specific monoclonal antibody, as defined herein. Any cell
line that is functionally equivalent is within the scope
of the subject invention. By the term "functionally
equivalent¥ it is meant that an antibody is capable of

10 competing with the MH1 antibody or 46J antibody in binding
to the epitope of fibrin to which the MH1 antibody binds
or to the epitope of fibrinogen to which the 453 antibody
binds, respectively. 1In addition, such term includes
fibrin-specific monoclonal antibodies and fibrinogen~

15 Specific monoclonal antibodies, as defined herein, that
bind to an epitope different from that which the MH1
antibody binds and the 4573 antibody binds, respectively.

5.7. 1IN VIVO DIAGNOSTIC AND THERAPEUTIC USES
20 FOR FIBRIN-SPECIFIC MONOCLONAL ANTIBODIES

$.7.1. CLOT/VASCULAR DISEASE LOCALIZATION

The fibrin-specific monoclonal antibodies of this

invention are capable of targeting fibrin clots or

. aggregation of fibrin in vive. They can, therefore, be
used in humans for localization of possible tissue or
vascular damage and for monitoring of vascular diseases.
A fibrin-specific monoclonal antibody is particularly
preferred for this use because such monoclonal antibody
will not bind to fibrinogen, fibrin degradation products
and fibrinogen degradation products, thereby reducing
background, which permits one to more precisely localize
the fibrin clot or aggregation of fibrin.

For this application, it is preferable to use
purified monoclonal antibodies. Preferably, purification
may be accomplished by HPLC methods. Purification of
monoclonal antibodies for human administration may also be

25
30

35
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one can increase the |ikelihood of |ocating a B- | ynphocyt e t hat
produces an anti body that is capable of binding to a specific epitope of
the antigen. This 10 is a mmjor advantage of the subject invention. In

addition, it is believed that the gernfree systemis p | cul ar

usef ul WSPS/B8Rr ating a highly specific anti body for t?&?@%ﬁ@i”@ns
W t h nunerous epitopes. The ge®#free ani mal can be i mmuni zed by
standard 15 techni ques. However, it is preferred that the gernfree

ani mal be immuni zed at | east three tines with at | east about three

weeks between each _imunization, , followed by a $refusi8n booster. It is
bel i eved t hagccompliiisheid, Hye AMPTHaTE SWELA LR OF 5P R nEY b8 Recessary 20

because it h %e@&@it@bﬁ.@{ﬁl\/%mwedifl?}erdia\Iysis agaimstzaaldne, amdi ch |h s
t , t ti 1 a3 t I ' B- L :k.at
Chan the  PLyErRERoRy e daaiony o Foroni bl ety LyRABRYETR gl Ner

4.5. SOMVATI €h@Bma®ography teclurigues gedy sbefused ferppré€yadhgal havi ng
the pot gtisdy dridl1 RIGYddegnt | body and, in particular B
| ynphocytes, are sui ta]bl e for fusion wth a B:.cell rr%el QR lliln%'
Those anti body- pr FRfiRRF feled Hepgcipnal antibodies can be labelle
with radioactive compounds, for example ' 1, ¥ 1, B T,
®mTc, M In, and administered to a patient intravenously.
10 The antibody also can be labelled with a magnetic probe.
NMR can then be utilized to pinpoint the clot. After
localization of the antibodies at the clot or fibrin
aggregation they can be detected by emission tomographical
and radionuclear scanning techniques thereby pinpointing
15 the location of, for example, the thrombus or fibrin
encapsulated tumor.
By way of illustration, the purified monoclonal
antibody is suspended in an appropriate carrier, e.g.,
saline, with or without human albumin, at an appropriate
20 dosage and is administered to a patient. The monclonal
antibodies are preferably administered intravenously,

e.g., by continuous intravenous infusion over several
hours.

25 5.7.2. TREATMENT OF VASCULAR DISEASES
WITH MONOCLONAL ANTIBODY CONJUGATES
The monoclonal antibodies of this invention can be

used in conjunction with a broad range of pharmaceutical
agents such as cytotoxic reagents and thrombolytic

30 reagents, e.g. t-PA, urokinase streptokinase, and other
proteases that are capable of lysing fibrin. Such use is
particularly preferred because the fibrin-specific
monoclonal antibodies of the subject invention permit a
very efficient use of such reagents because none of the

a5 reagent will be lost by binding to fibrinogen, fibrin
degradation products or fibrinogen degradation products.
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30 in the dividing plasmabl ast stage fuse preferentially. somati c

cells can be derived fromthe |ynph nodes, spl eens and peri pheral
-bl ood of prined gernfree animals, and the lynphatic cells of choice
depend | arge extent on their enpirical useful ne in the

parti cuﬁé)t??/f’ﬁgfon system However, somatic cells der?éwsf"? 01081 he
spl een are generally preferred. Once~ 64 -

- 30 - pri med or hyperi nmuni zed, gernfree animals can be used

For various reviews on the subject, see Bale et al., 1980,
Cancer Research, 40:2965~297; Ghose and Blair, 1978,
J.Natl. Cancer Inst., 61(3):657-676; Gregoriadis, 1977,

5 Nature, 265:407-411; Gregoriadis, 1980 Pharmac. Ther.,
10:103-108; and Trouet et al., 1980, Recent Results Cancer -
Res., 75:229-235.

The methods used for binding these agents to the
monoclonal antibody molecule can involve either non-

30 <covalent or covalent linkages. Since non-covalent bonds
are more likely to be broken before the antibody complex
reaches the target site, covalent linkages are preferred.
For instance, a carbodiimide bond can be formed between
the carboxy groups of the pharmaceutical agent and the

15 amino groups of the antibody molecule. Bifunctional
agents such as dialdehydes or imidoesters can be used to
link the amino group of a drug to amino groups of the
antibody molecule. The Schiff base reaction can be usead
to link drugs to antibody molecules. This method involves

20 the periodate oxidation of a drug or cytotoxic agent that
contains a glycol or hydroxy group, thus forming an
aldehyde which is then reacted with the antibody molecule.
Attachment occurs via formation of a Schiff base with
amino groups of the antibody molecule. Additionally,

25 drugs with reactive sulfhydryl groups have been coupled to
antibody molecules.

6. IN VITRO DETECTION AND MEASUREMENT OF SOLUBLE FIBRIN
6.1 BACKGROUND
30 As described above, see Section 5.1, the
hemostatic mechanism involves a complex sequence of
reactions, by which fibrinogen is ultimately converted by
thrombin to fibrin. The end result of these reactions is
the formation of a thrombus (blood clot). The sequence of

3s reactions may be simply represented by a three step
process as follows:
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as a source of antibody- produ0|nghk$mﬁhgg§&$ | ynphocytes give a
hi gher percentage of stable fu5|o se nyel oma | i nes

descri bed herei nbel ow. However, ym#ym %ﬁ ti body-producing cells from
other gernfree animals is al so pos i ce of a particul ar

ger nf r e H3/948b8 depends on t he choice of antigen, for it RPGT/ES%426M082AI
that the gernfree 10 ani mal have a B-lymgghoeyte in its repertoire of B-

| ynphocytes that can produce an anti body to such anti gen.

4.6. | MMORTALI ZI NG CELLS 15 Speci al i zed nyel oma cell |ines have been
devel oped from | ynphocyte tunors for use in hybridona- produci ng fusion
procedures (G Kohler and C. Mlstein, 1976, Eur. J. Thuombin

6: 511-519; M Schul al hbtu 276 269 270) . Fhe cell 20

| i nes have been devel op Poﬁ atPF8§ ﬁp' 9N The first reason

is to facilitate the seFébFanMQMONGrSfdsééhﬂkﬂQPﬁP%$¢¢% Ausndl By, this is
acconpl i shed by using myel omas with enzynme deficiencies that render

t hem i ncapabl e of grom%ﬁg gezcer5@19ﬁ3¥f§§ﬂfﬁhIW¥Hﬁklg5moﬁQﬁEr§mant t he

growt h of hybri domas
Soluble Fibrin Polymers

Step 3 - c10tting£ Soluble Fibrin Polymers —>
Fibrin Clot

10

Fibrinogen is composed of three pairs of non-
identical polypeptidé chains: Aa, Bf and 4. See L.
Stryer, Biochemistry, Third Edition p. 249, W.H. Freeman
and Company New York (1988). In the initial step, whereby
fibrinogen is converted to fibrin, shown above as step 1,
fibrinogen is cleaved by thrombin to release
fibrinopeptide A from the amino-terminal ends of the two
fibrinogen Aa-chains. The resultant monomer is the DesAA
fibrin monomer. As also shown above in step 1,
simultaneously, but more slowly, thrombin alsoc cleaves
fibrinopeptide B from the amino-terminal ends of the two
fibrinogen Bf-chains. As a result of the fibrinopeptide
release, new amino-terminals are exposed on the fibrin «
and f chains. As depicted above, the molecules formed in
step 1 are fibrinopeptide A, fibrinopeptide B, and the
fibrin monomers DesAA fibrin monomer, and DesAABB fibrin
monomer, shown above as "fibrin monomers". See
W. Nieuwenhuizen, Blood Coagulation and Fibrinolysis,
4:93-96 (1993). As shown above in step 2, the fibrin
monomers then form both non-covalent (non-crosslinked) and
covalent (crosslinked) polymers to form soluble fibrin
polymers. As shown above in step 3, the soluble fibrin
polymers then form the fibrin clot.

Soluble fibrin is defined as any molecular
species originating from fibrinogen or fibrin that can
lead to fibrin polymer formation or any fibrin(ogen)

15
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T

~/,Leaseﬁ~arr§€§~F76ﬁithe I nherent ability of |ynphocyte tunor cells to
produce t-heir own anti bodi es. The pur pose of using nonocl onal
techniques is to obtain i mMmortal fused hybrid cell lines that produce

the 30 desiwgdspisygl € specific antibody genetically directed porB¥oafiss
somatic cell conponent of the hybridoma. To g - elimnate the production

of tunor cell antibodies by the hybri donas, nyeloma cell |ines

i ncapabl e of produci ng light or heavy i munogl obulin chains or 35
those deficient in antibody secretion mechani sns are

- 31 - derived molecular species which has a molecular weight
greater than the molecular weight of native fibrinogen,
and is maintained in solution in blood. Non-crosslinked

5 and crosslinked DesAABB fibrin polymers, formed in step 2
above, are two of the several species of soluble fibrin
and are also two species of soluble fibrin polymer.
Additionally, the term soluble fibrin includes various
other speciesi for example, DesAA fibrin polymers,

10 complexes formed by interactions between fibrin monomers
(either DesAA or DesAABB fibrin monomers) and the
fibrinogen degradation products X, ¥, D and E (see Section
5.1 above for a description of these degradation products)
and also, for example, DesAA and DesAABB monomers in

15 complex with fibrinogen, see Nieuwenhuizen, pp. 93~94.

Soluble fibrin polymers are the immediate
precursors of the insoluble fibrin, i.e., the clot, and
consequently the plasma levels of the soluble fibrin
polymers are believed to be elevated in individuals with

29 Iimpending or existing thrombosis (intravascular blood clot -
formation). The detection and measurement of the amount
of these polymers in bloed, in particular the DesAABB
soluble fibrin polymers would therefore, be useful as an
indication of incipient blood clot formation. See Bang

2s and Chang, pp. 119-121, and Nieuwenhuizen, p. 94, Marder
et al. United States Patent No. 5,206,140.

Certain species of soluble fibrin have
previously been detected or measured and detected using a
variety of methods including, for example, measurement of

30 fibrinopeptide A, measurement by using antibodies to the
Aa and ¢y epitopes exposed upon conversion of fibrinogen to
fibrin, Nieuwenhuizen, 94-96, and measurement of D-dimers,
Marder et al. United States Patent No. 5,206,140. Other
methods used to detect or measure and detect soluble

35 fibrin include, measurement of agglutination of
erythrocytes coated with fibrin in the presence of soluble
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used. A third reason for selection of these cell lines is their

suitability and efficiency for fusion. Several nyelonma cell |ines
can be used for the 5 production of fused cell hybrids, including NS-1,
X63- WaBes/dlsss Ag4/ |, MPCL1-45.6TGL. 7, X63-Ag8. 653, Sp2/ O pCcT/®ik%s7 FO
and S194/5XX0O Bu.l., all derived frommnmcg; ~ and 210-.RCY3.Agl.2.3
derived fromrats. (G J. Hammerling, U. Hammerling and J.F. Kearnly,
eds., 10 1981, Mbnocl onal anti bodi es and hybridomas In J.L. Turk, eds.
Resear ch Monographs in | nmunol ogy, Vol. 3, El sevier/North Hol | and

ELOHEgiC?| Preﬁﬁbrhhwlﬁﬁugkxclusﬁon cﬁ;omatographyquatéléh?&ﬁé%ﬁbh&5ofh
t hods for generatin ri ds.of .antibo ucin ee

node cells andpiﬁﬁﬁi‘flgple i ﬁ&q"lvat@'é’ﬂ &Yy %*eer zﬂllafqncl ﬁ%e %(Y?ﬁ °X oha i;gp
cells with seanﬁibakbnhmgzea | &t @-aSﬂnOﬁGmmnni\Mﬂ(prqnﬁmxu@ysulfateon1
about  20: 1 L0 8l Cg{tiém, Nutfelﬁlefaq%my%sarbfﬂhm%%% gL ei bpgem cal

viral or pronote the fusion of nbranes., It is

of ten pr ef BRF & §1efaf rofe PARRIa p dIGRE RAT &l 9fhIO% erQ/elaaEeJE% glycine-

ethyl ester and agarose gel chromatography, see Bang and

Chang at pp. 111-118. ©None of these tests detects and

measures specifically both soluble crosslinked and soluble
10 non-crosslinked fibrin polymers.

6.2 1IN VITRO ASSAY FOR SOLUBLE CROSSLINKED FIBRIN
POLYMERS AND SOLUBLE NON-CROSSLINKED FIBRIN
POLYMERS

The present invention is based upon the
discovery that it is possible to provide an in vitro assay
to detect and measure the amount of soluble crosslinked
DesAABB fibrin polymers and soluble non-crosslinked
DesAABB fibrin polymers, which polymers are composed of
DesAABB fibrin monomers, in an assay system wherein there
is no detection of (a) fibrinogen, (b) fibrinogen
degradation products, (c) DesAA fibrin monomers, (d) DesaAA
fibrin polymers, (e) DesAABB fibrin monomers, (f)
crosslinked fibrinogen (Factor Xllla treated fibrinogen),
(g) DesAA fibrin monomer-fibrinogen complexes and (h)

 fibrin degradation products ("species (a)-(h)"). The
fibrinogen degradation products and the fibrin degradation
products are those generated by plasmin digestion of
fibfinogen or fibrin as described in Section 5.5.2 above.

It is believed that the above described assay is
particularly useful in the clinical diagnosis of
conditions characterized by thrombosis.

The assay may be carried out utilizing any
suitable sample of body fluid but is preferably done
utilizing as a sample mammalian blood. Suitable mammals
include for example rabbits, monkeys, and humans with
humans being most preferred.

15
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source of the somatic and inmmortalizing cells used in the fusion
procedure. Fusion nethods have been 25 described by Kohler and M| stein
(1975, Nature 256: 495-497; 1976, Eur. J. Imunol. 6:511-519), by
Gef t er WO 99/015¢81977, Somatic Cell Genet. 3:231-236) aRCTIRYSI02480r et
al ., 1983, I munol ogy Today, 4, 72. - 68The fusion-pronoting agents used
by those 30 investigators were Sendai virus and pol yet hyl ene gl ycol
(PEG, respectively. One can also utilize the recently devel oped
EBV- transformation technique (Cole et al., 1985, Monocl onal
Anti bodi es and Cancer Thersigh i anifRo asS$ays ssany meeanpp. KAGWHGHr to

be developed, of detecting soluble crosslinked DesAABB
fibrin polymers and soluble non-crosslinked DesAABB fibrin
5 Dpolymers which means does not detect species (a)-(h) can
be utilized. Once detected, the soluble crosslinked
DesAABB fibrin polymers and soluble non-crosslinked
DesAABB fibrin polymers in a sample can be measured either
by comparison to a control sample or by use of standards
10 bhaving known amounts of soluble crosslinked DesAABB fibrin
polymers and soluble non-crosslinked DesAABB fibrin
polymers which standards contain none of species (a)-(h).
It is to be noted that a means of detection is
any means by which one is able to determine the presence
1s ©of the material of interest in a sample. A preferred
means of detection is an antibody to the soluble
crosslinked DesAABB fibrin polymers and the soluble non-
crosslinked DesAABB fibrin polymers, which antibody does
not cross-react with (a) fibrinogen, (b) fibrinogen
20 degradation products, (c) DesAA fibrin monomers, (d) DesAA
fibrin polymers, (e) DesAABB monomers, (f) crosslinked
fibrinogen, (g) DesAA fibrin monomer-fibrinogen complexes
and (h) fibrin degradation products. Said antibody can be
used to detect and measure the amount of soluble
25 crosslinked DesAABB fibrin polymer and soluble non-
crosslinked DesAABB fibrin polymer in a sample. Such
antibodies include polyclonal or monoclonal antibodies,
preferably monoclonal. The antibody can be derived from
any species. Preferably, however, the antibody is of
3¢9 human or murine, or rabbit origin. 1In addition, such
antibodies include, but are not limited to chimeric
antibodies, single chain antibodies, and Fab fragments.
An example of such antibody is the monoclonal
antibody MH1, described in sections 5.5.1 - 5.5.3, and
35 also section 5.6 above. It is believed that MHI, in
addition to having the above described binding
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- 32 -, 4.8. |1 SOLATI ON OF CLONES AND ANTI BODY DETECTI ON
Fusi on procedures usually produce viable hybrids at very |ow frequency,
about | x 10[err] to 1 x 10[err]. 5 Because of the | ow frequency of

obt ai ni ngro/esAdalsEs hybrids, it is essential to have a nmeans pb@ s84R%s7
fused cell hybrids fromthe remaining unfysed cells, particularly the
unfused nyelonma cells. A neans of detecting the desired

ant i body- produci ng hybri domas 10 anong the other resulting fused cel
hybrids is al so necessary. Generally, the fused cells are

cultured in ch&el@edtveriBE| aa1ker abest asee pinE ARt MYbEhhogen-
contai ns hypo&ggghjne an1$ogter|n agd %héﬁ]dlne. HAT .15 dium permts the
proliferation DR IIERAREIGRIPTOdUGE.FORPL €Ky o HR It rRcteryEtéfa

celI's which of rMHIahay enhanceodtsneffticadyviade a miarisnid®ldetecting
A T DR oY e UEy 8T IR anc S, oY
thym di ne bypagxesslinked DesAABB fibrin polymers.

It is to be noted that two or more antibodies
can be used as the means of detection. Thus, antibodies
with different specificities can be used in combination to

10 detect and measure soluble crosslinked DesAABB fibrin
polymers and soluble non-crosslinked DesAABB fibrin
polymers in a saﬁple, wherein for example, neither
antibody alone is able to form a complex with both soluble
crosslinked DesAABB fibrin polymers and soluble non-

45 crosslinked DesAABB fibrin polymers, whereas the two or
more antibodies can form such complexes. Of course, no
one antibody can crossreact with species (a)-(h).

It is also to be noted that when antibodies are
used it may be necessary to utilize a species specific

20 antibody.

For the production of antibodies, various host
animals can be immunized by injection with soluble
crosslinked DesAABB fibrin polymers and soluble non-

. crosslinked DesAABB fibrin polymers as the antigen,

25 Aincluding but not limited to rabbits, mice, rats, etc.
Such polymers can be selectively isolated using, for
example, the MH1 antibody, coupled to a Sepharose MH1
antibody affinity column. Such polymers can be prepared
as follows: Soluble fibrin can first be prepared in vitro

30 by addition of low levels of thrombin to citrated plasma.
After quenching of the thrombin activity by addition of a
potent thrombin inhibitor such as hirudin, the plasma
samples may be applied to a Sepharose-MH1 column. Such
MH1 column may be prepared by the coupling of MH1 antibody

35 to cyanogen bromide activated Sepharose 4B (Pharmacia) as
is known in the art. See Pharmacia product insert for

This Sheet Has Been R

[T



the hlock in pyrimdine synthesis, while hypoxanthine I's included in
the media so that inhibited cells can synt hesi ze purine using the

nucl eot pat hway., The nyel oma cells enpl oyed ts 25
Iackingwﬁga%ggﬁghlne phosphori bosyl tngn;ferase ( HPRT) éﬁﬁp¥%h§&gannot
utilize the sal vage pathway. In the urviving hybrid, the B | ynphocyte
supplies genetic I nformation for production of this enzyne. Since B

| ynphocytes thensel ves have a limted life span in 30 culture
(approxinatel

ks) h |y eII C olLiferate in
HAT medi a are ﬁ%B?? Pbr RE %pgrg%g Proﬁﬁ%ﬁ§°§Xi§%§PJ¥ é%w?%e Shi
To faC|I|tateusmneepragcbﬁvanedb6@ph@m9s§eﬁbln/The SOlﬁhlayﬁlbnsnams to

prevent indiv r Jy- e re of
fused rryelorna'ydgl%gh!Mp hgﬁliéanggysggpﬁ?gﬁﬁﬁﬁexiMﬁifggi$éﬂltﬁlg%g cul tured

in 5 presence of phos hate buffered sagjine;(PBSf)- re%?%ﬁﬁnent sheet
binding to the Sepharose-MH1 column, in the presence of

(PBS) the soluble fibrin binding to the MHl1-Sepharose may

be eluted using a solution of sodium thiocyanate. After

dialysis against PBS, the soluble fibrin polymer which has
10 been isclated may be stored at -70°C.

Various adjuvants can be used in conjunction
with the isolated polymers to increase the immunological
response, depending on the host species, including but not
limited to Freund's (complete and incomplete), mineral

15 9els such as aluminum hydroxide, surface active substances
such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanin,
dinitrophenol, and potentially useful human adjuvants such
as BCG (bacille Calmette-Guerin) and corynebacterium

20 Pparvun.

Monoclonal antibodies specific for soluble
crosslinked and soluble non-crosslinked DesAABB fibrin
polymers which antibodies do not cross react with species
(a)-(g) can be prepared by using any technique which

25 Pprovides for the production of antibody molecules by
continuous cell lines in culture. These include but are
not limited to the hybridoma technique originally
described by Kohler and Milstein, (Nature, 1975, 256:495-
497), the more recent-human B-cell hybridoma technique

30 (Kosbor et al., 1983, Immunology Today, 4:72) and the EBV-
hybridoma technique (Cole et al., 1985, Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-
96). In an additional embodiment of the invention
monoclonal antibodies can be produced in germ-free animals

35 utilizing recent technology, see sections 5.2-5.4. An
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- 33 - multiple wells of mcrotiter plates. In tw to three weeks,
when hybrid cl ones becone visible m croscopi cal ly, the supernatant fluid
of the 5 individual wells containing hybrid clones is assayed for

speci fi c vpptos/peekg producti on. The assay nust be sensi pevRISISEH DT €
and rapi d. Assay techni ques include ragijoiJmunoassays, enzyne

| mmunoassays, cytotoxicity assays, and plaque assays. 10 4.9. CELL
PROPAGATI ON AND ANTI BODY PRODUCTI ON Once the desired fused cel
hybri ds have been sel ected and cloned into individual

ant i body- produghdthple o¥€lthé i PeSAuEEEBnCEE! shithe anditRAyPriePawmt ed in
el ther production of MH1 described above in sections 5.3-5.6.
According to the invention, human antibodies can
s be used and can be obtained by using human hybridomas
(Cote at al., 1983, Proc. Natl. Acad. Sci., 80:2026-2030)
or by transforming human B cells with EBV virus in vitro
(Cole et al., 1985, in, Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, pp. 77-%6). 1In fact, according to
10 the invention, technigques developed for the production of
fchimeric antibodies" (Morrison et al., 1984, Proc. Natl.
Acad. Sci., 81:6851-6855; Neuberger et al., 1984, Nature,
312:604-608; Takeda et al., 1985, Nature, 314:452-454) by
splicing the genes from a mouse antibody molecule of
15 appropriate antigen specificity together with genes from a
human antibody molecule of appropriate biological activity
can be used; such antibodies are within the scope of this
invention.

According to the invention, technigues described

29 for the production of single chain antibodies (U.S. Patent
No. 4,946,778) can be adapted to produce specific single
chain antibodies.

An additional embodiment of the invention
utilizes the techniques described for the construction of

25 - Fab expression libraries (Huse et al., 1989, Science,
246:1275-1281) to allow rapid and easy identification of
monoclonal Fab fragments with the desired specificity to
soluble crosslinked and soluble non~crosslinked DesAABB
fibrin polymers.

30 Antibody fragments which contain specific
binding sites for soluble crosslinked and soluble non-
crosslinked DesAABB fibrin polymers may be generated by
known techniques. For example, such fragments include but
are not limited to: the F(ab'), fragments which can be

35 produced by pepsin digestion of the antibody molecule and
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15 of two standard ways. A sanple of the hybridoma can be injected into

-a hi stoconpatible aninmal of the type that was used to provide the

somat i yygelor¥ge! ona cel |'s for the original fusion. Thepdies ani mal
devel ops tunors secreting the spgc%%ig nonocl onal antﬁ%ody %@agroduced
by the fused cell hybrid. The body flulds of the animal, such as serum
or ascites fluid, can be tapped to provide nonocl onal antibodies in

hi gh concentration. Alternatively, the individual cell | i nes can

bedprOpagat &hd rath thfzcah&xﬁbxﬁ@é)qsﬁ&i yc&v!ﬁ@rfer%ééaaéésls&sreaﬂiefiﬁ&' tHee ! onal
At body, cAn BELTIAR S ey TociR A (W % PFEPERRR - or
" centrifugation. - 30rhe antibodidd).of Uite Ghrdsén I NOERDELN ARG BERY
om0 Blad Y ) el BB 3 e BB BB g e o
future that bt |neeslimited toprrdipipmeneaserys, enzyme-linkedsjor use of
g})nfﬁ'eogﬁ't i g{ﬁ&%@&&éﬁt | dsddys, "sahdWiEReSSeYaydhi fRelsptgnmeasur enent
: reactions, gel diffusion immunodiffusion assays,

agglutination assays, fluorescent immunocassays, protein A

10 immunoassays and immunoelectrophoresis assays, to name but
a few. U.S. Patent No. 4,629,783 and patents cited
therein also describe suitable assays.

The antibodies may be used as the basic reagents
in a number of different immunoassays to determine the

15 presence of the soluble crosslinked and soluble non-
crosslinked DesAABB fibrin polymers in a sample of blood
or other body fluid. Generally speaking, the antibodies
can be employed in any type of immunocassay, whether
qualitative or gquantitative. This includes both the two-

20 Site sandwich assay and the single site immunoassay of the
non-compétitive type, as well as traditional competitive
binding assays.

Particularly preferred, for ease of detection,
and its guantitative nature, is the sandwich or double

25 antibody assay, of which a number of variations exist, all
of which are intended to be encompassed by the present
invention.

For example, in a typical forward sandwich
assay, unlabeled antibody is immobilized on a solid

30 substrate, e.g., microtitre plate wells, and the sample to
be tested is brought into contact with the bound molecule.
After a suitable period of incubation, for a period of
time sufficient to allow formation of an antibody-antigen
binary complex, a second antibody, labelled with a

35 reporter molecule capable of inducing a detectable signal,
is then added and incubation is continued allowing

This Sheet Has Been Replaced

[T



——
;ﬁ34w-/*f”"5ﬁfTBody I nteraction. Such assays are generally

het er ogeneous or honogeneous. In a honobgeneous | mmunoassay t he

i mmunol ogi cal reaction usually 5 involves the specific antibody, a |abel ed
anal yte, awe 95/01668c sanpl e of interest. The signal arising froPCTAUS94/07087
| abel is nodified, directly or indirectly 7gpen the bi ndi ng of the

anti body to the | abel ed anal yte. Both t he i nmunol ogi cal reaction and

detection of the extent 10 thereof are carried out in a honbgeneous
sol uti on.

sufficient timé for binding with the antigen at a
different site and the formation of a ternary complex of
antibody-antigen-labeled antibody. Any unreacted material
s is washed away, and the presence of the antigen is
determined by observation of a signal, which may be
quantitated by comparison with control samples (standards)
containing known amounts of .antigen. Variations on the
forward sandwich assay include the simultaneous assay, in
30 Wwhich both sample and antibody are added simultaneously to
the bound antibody, or a reverse sandwich assay in which
the labelled antibody and sample to be tested are first
combined, incubated and added to the unlabelled surface
bound antibody. These techniques are well known to those
35 skilled in the art, and the possibility of minor
variations will be readily apparent. As used herein,
"sandwich assay" is intended to encompass all variations
on the basic two-site technique.
As a more specific example, in a typical forward
20 sandwich assay, a primary antibody is either covalently or
passively bound to a solid support. The solid surface is
usually glass or a polymer, the most commonly used
polymers being cellulose, polyacrylamide, nylon,
polystyrene, polyvinylchloride or polypropylene?f The
25 Solid supports may be in the form of tubes, beads, discs
or microplates, or any other surfaces suitable for
conducting an immunoassay. The binding processes are well
known in the art. Following binding, the solid phase-
antibody complex is washed in preparation for the test
3g Sample. An aligquot of the body fluid to be tested is then
added to the solid phase complex and incubated for a
period of time sufficient to allow binding of any soluble
non-crosslinked DesAABB fibrin polymer and soluble
crosslinked DesAABB fibrin polymer present to the antibody
35 sSpecific for the above proteins. The second antibody is
then added to the solid phase complex and incubated for an
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| mmunocheni cal | abel s which may be enpl oyed i ncl ude free radicals,
fluorescent dyes, enzynes, bact eri ophages, coenzynmes, and so forth. The

maj or age of a honpbgeneous i Mmunoassay is that the 15 specific
ant i body" Rg’g)é?#gt be separated fromthe | abel ed anal yt e PCT/US94/07087 [y 4
het er ogeneous i mmunoassay, the reagentsS afe~ usual |y the specinen, the
speci fic anti body, and neans for producing a detectable signal. The
specinmen is 20 generally placed on a support, such as a plate or a

slide, and cont '

th t he antd hody in | L gui The support
i s then separ&?gé%ﬁfg tP§HHQﬁZQftkla%ﬁﬁ§€f%ﬁﬁeﬂgtﬁ8ra?HBWSEBﬁoFFCB e or
the liquid phasﬁlbody|toehQMGunbfthesz&mamya@hbibbgnaanemgbnysnglﬂeans
25 for produghggesgg SlegNal qpe 'E%é%ﬁﬁ“%n %Edliﬁke a tel Qe presence

of the analyte 1 n the Specinen. Mans ucing a detectabl e
si gnal |ncEudEePHEt&§em8ﬂeculen%%ﬂ%mﬂ&ﬁ%k@?a5b9§a1fPﬁoWBéﬁBr55 urednts,

and so f Al cakbee kplea byt nefimtpter otgwe@eaonmmﬁaasaayStar 8ny3QnU1§en
rad|0|nnunossa hgnunofluoro cqnce et hods
n

i mmunoassays, h&3FR, Sportey %é%%?%laeta%FeHsaas&Us§P8n of
t he above presentn spesd\f itcadtion uss  meant "&molechisuwbichapy” ibg

Edward T. MagghemicBt Rattbe, ProvEed §R1oNa1Ft8cally detectable

30 Signal which allows the detection of antigen-bound
antibody. Detection must be at least relatively
quantifiable, to allow determination of the amount of
antigen in the sample, this may be calculated in absolute
terms, or may be done in comparison with a standard (or

15 series of standards) containing a known normal level of
antigen.

The most commonly used reporter molecules in
this type of assay are either enzymes or fluorophores. 1In
the case of an enzyme immunoassay an enzyme is conjugated

20 to the second antibody, often by means of glutaraldehyde
or periodate. As will be readily recognized, however, a
wide variety of different conjugation techniques exist,
which are well known to the skilled artisan. Commonly
used enzymes include horseradish peroxidase, glucose

25 Oxidase, f-galactosidase and alkaline phosphatase, among
others. The substrates to be used with the specific
enzymes are generally chosen for the production, upon
hydrolysis by the corresponding enzyme, of a detectable
color change. For example, p-nitrophenyl phosphate is

30 sSuitable for use with alkaline phosphatase conjugates; for
peroxidase conjugates, 1,2-phenylenediamine or toluidine
are commonly used. It is also possible to employ
fluorogenic substrates, which yield a fluorescent product
rather than the chromogenic substrates noted above. In

35 all cases, the enzyme-labelled antibody is added to the
first antibody complex and allowed to bind to the complex,
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35 1980. See also, for exanple, U S. Pat. Nos. 3,690, 834; 3,791, 932;
3,817,837, 3,850,578; 3,853,987, -
35 - 3,867,517; 3,901, 654; 3,935,074; 3,984,533; 3,996, 345; and
4,098,876, WPJIB/OLI68ting is not intended to be exhaustive. 5 PCT/US94/070¢
Anot her maj or use of .nonocl onal antibodi es~av® -~ in-vivo inmaging and
t herapeutics. The nonocl onal anti bodi es can be | abelled wth radioactive
conpounds,
then the excess reagent is washed away. A solution
containing the appropriate substrate is then added to the
tertiary complex of antibody-antigen=-labelled antibedy.
s The substrate reacts with the enzyme linked to the second
antibody, giving a gualitative wvisual signal, which may b.
further quantitated, usually spectrophotometrically, to
give an evaluation of the amount of antigen which is
present in the serum sample.

10 Alternately, fluorescent compounds, such as
fluorescein or rhodamine, may be chemically coupled to
antibodies without altering their binding capacity. When
activated by illumination with light of a particular
wavelength, the fluorochrome-labelled antibody absorbs the

15 light energy, inducing a state of excitability in the
molecule, followed by emission of the light at a
characteristic longer wavelength. The emission appears as
a characteristic color visually detectable with a light
microscope. As in the enzyme immunocassay (EIA), the

20 fluorescent-labelled antibody is allowed to bind to the
first antigen-complex. After washing the unbound reagent,
the remaining ternary complex is then exposed to light of
the appropriate wavelength, and the fluorescence observed
indicates the presence of the antigen. Immunofluorescence

25 and EIA techniques are both very well established in the

' art and are particularly preferred for the present method.
However, other reporter molecules, such as radioisotopes,
chemiluminescent or bioluminescent molecules may also be
employed. It will be readily apparent to the skilled

3¢ artisan how to vary the procedure to suit the required
use.

Alternatively, the sample to be tested, either
mammalian blood or other body fluid containing the soluble
non-crosslinked fibrin DesAABB polymer and the soluble

35 crosslinked DesAABB fibrin polymer may be used in a single
site immunoassay wherein it is adhered to a solid
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for instance, radioactive iodine, and adm nistered to a patient
l.ntravenously. The anti body can al so be 10 | abelled with a nmagnetic probe.

NMVR ca utilized to pinpoint the antigen. After ' j.on
of ther\g&)[ﬁoolggses at the antigen, the a%i gen can be detllecglﬁgé‘fa‘@?}w7

em ssi on tonographi cal and radi onucl ear scanni ng techni ques, thereby

pi npointing the location 15 of the antigen. By way of
illustration, the purified nonocl onal anti body is suspended in an

appropriate caprl e. | i | man, al bum n, at an
appropriate (fggfg}: aatned ‘lgist%%rm %‘?‘2%%%%1\\;\%?5\%%%%?2):“5& e %R by '
conti nuous i mnlaksird antikedy bycprewgktainto ceptact withnthe| sampde al

I n Hybri domag,duhd i #¥he soPl@uB@sserabd. Thereey 4 1982tapiacperosat 8¢
her ei n by ref erence.

. . The pcl onal _angi bodj es subj ect
venti ons  ANGHER LTS 0T o BEBIRS CaF | bine AT O SRE FEra bhev
proper bi ol ogoalatnicwest i &3 aneibsdytantigentbinasy complérrapsetond
agents. Alterhalinely, {diefflhREiRsa CPBnorter Mo POUIT | QaBabPsi geto form
an i nmunot oxin of a radi oactive naterral or drug to forma 30
r adi ophar nacdindugingra phekegtable caignalet #pdshepradded apdodnenrhgtion

| munot oxi Ns AN PPER APLEWIhGAESEPicient time for the formation of

10 2 ternary complex of antigen-antibody-labeled antibody.
For the single site immunoassay, the second antibody may
be a general antibody (i.e., zenogeneic antibody to
immunoglobulin, particularly anti-(IgM and IgG) linked to
a reporter molecule) that is capable of binding an

1s antibody that is specific for the soluble crosslinked
fibrin polymer and the soluble non-crosslinked fibrin
polymer. '

The detection and measurement of soluble non-
crosslinked DesAABB fibrin polymers and soluble

20 Crosslinked DesAABB fibrin polymers in vitro is
particularly useful when such detection and measurement is
done, using the plasma of patients, to obtain an
indication of an impending or existing thrombotic event,
said event being due to an impending or existing

25 thrombosis. See, e.g., W. Nieuwenhuizen, p. 94, Bang and

- Chang, pp. 109-122, and Marder et al. U.S. Patent No.
5,206,140. sSuch events include, for example, deep vein
thrombosis (¥DVT"), a condition which arises as a result
of ‘blood clot formation in the deep veins of the leg;

30 Pulmonary.embolism (PE), which arises when a thrombus
(blood clot) becomes dislodged from the deep veins and
embolizes to the pulmonary vasculature; disseminated
intravascular coagulation, which arises as a result of
systemic activation of the blood clotting cascade (e.gq.,

35 1in bacterial infection); myocardial infarction (MI), which
arises as a result of a thrombus occluding the coronary
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__,jﬂﬂ44ﬁﬁﬁ?§’§?€wﬁ511-knomn (see, for exanple, Cancer Treat ment Reports
(1984) 68:317-328). It also is believed that polyclona

ant i bodi es 35 derived froma gernfree animal also can be utilized in

i mmunoass € 94Md568r ovi de an i nproved result as PCT/US94/07087

- 36 - conpared to pol ycl onal anti bBodizes derived froma

conventional animal. Polyclonal antibodies derived froma gernfree
animal can be nade by utilizing a

10

15

20

25,

30

35

arteries which supply blood to the heart muscle; stroke;
and intracardiac thrombi formed as a result of atrial
fibrillation. The type of thrombotic event can be
diagnosed by use of the assay for detection and
measurement of soluble non~crosslinked DesAABB fibrin
polymers and soluble crosslinked DesAABB fibrin polymers
in combination with observation of other patient symptoms.
The symptoms utilized are those which would be commonly
utilized in clinical diagnosis of an impending thrombotic
event. For example, said detection and measurement of
soluble DesAABB fibrin polymers is particularly useful as
a means of differentially diagnosing patients with chest
pain due to impending MI from patients with chest pain due
to other conditions.

6.3 EXAMPLES OF MATERIALS & METHODS

6.3.1. PROTEINS

Bovine Serum Albumin and Thrombin were both
purchased from ICN (Costa Mesa, CA). Hirudin,
horseraddish peroxidase and o-phenylenediamine
dihydrochloride substrate tablets were all purchased from
Sigma Chemical Co. (St. Louis, MO). Human fibrinogen
(grade L) was purchased from Helena Laboratories
(Beaumont, TX).  Fibrinogen was further purified by
ammonium sulphate precipitation as described by Holm et

.al., Thromb. Res, 37: 165-176 (1985). The anti-fibrin

monoclonal antibody, MH1, used in the assay system was
produced as described, section 5 above. The
antifibrinogen monoclonal antibody, 453, was produced as
described, section 5 above.

DesAABB fibrin monomer was prepared by
dissolving non-crosslinked fibrin polymer in a solution of
50 mM sodium acetate buffer (pH 5.3) containing sodium
bromidein.
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5 gernfree animal, as described herei nabove, and I muni zati on

-techni ques, as descri bed herei nabove, foll owed by separating the

pol ycl oM@I9s4ki68bodi es from t he ani mal by conventional t ®CAWSP483087¢e. g.
by separating the serumfromthe aninal - 10 A

FI BRI N- SPECI FI C MONOCLONAL ANTI BODY 5.1. BACKGROUND
The henostatic nechanismis a conpl ex physi ol ogi cal response nechani sm
involved in repairing 1.5 damage to a ruptured bl ood vessel. Henobstasis is

achi eved through the c&xoF&ldm |QQL§h%ﬁ|QﬁﬁﬁkﬁﬁnﬁpbrlntmelmmarsoWemhe

damaged bl oogreanely Py 8 thdaihs of flmﬁJ&rPQﬁg%ﬂfa‘@eQY?iﬁ%aThe
role of the coa ul ati on s¥¥g IS t,0 p ovide an, e bmf3|ve Lbrin 20
t

network to SPQGPIFQ &h&@%ﬁﬂ1 thtfLs7pBen
assenbl ed sonnimateshendiehaldaadtion mmxtnﬁauaisﬁ ¢dnta&mm@eﬂaatesel The

formation of fxt a. .Ilhl‘éSQJ S48 did S{A dﬁ&é &!{__anf erl nogen is

the result of a conpléex sequence ctions g i nthe
expl osi ve pr&dFudion tef the siasigrian letQHR)rﬁiﬂﬁ¥eﬁpﬂﬁ@@tr€bagnléDlon i s
an anplificatm®ymi). Pprocess involving a chain of enzymatic reactions in

whi ch proenzymes (C|Otw$1 ég%éégwﬂkég fgﬂﬁgLAABB fibrin polymers

10 Were produced by 1ncubat1ng citrated plasma or fibrinogen
with a solution of thrombin containing EDTA (12 mM final
concentration) for 7-8 minutes at 37°C. The reaction was
quenched by the addition of excess hirudin to the reaction
mixture, (final concentration 10 ATU/ml).

i5

6.3.2. MH1 AND 45J HORSERADISH PEROXIDASE
CONJUGATE
(adapted from Wilson and Nakane,

Immunofluorescence and Related Staining
Technigues, Knapp, et al. (eds), pp. 215-

224, Elsevier/North Holland Biomedical
20 Press, Amsterdam (1978))

Horseradish peroxidase (HRP) (RZ>3) (10 mg) was
dissolved in 1 ml of distilled water. A freshly prepared
solution of 0.1M sodium periodate (0.4 ml) was added and
mixed gently for 20 minutes. The solution was then

25 transferred to a sodium acetate buffer (1% mM, pH 4.4) at
4°C using a Centricon 10 micro-concentrator.

The pH of the solution was raised to 9.5 by
adding 40 pl of 0.2M sodium carbonate-bicarbonate buffer
(PH 9.5). MH1l antibody (20 mg) in 2.0 ml of 0.01M sodium

30 carbonate~bicarbonate buffer (pH 9.5) was then added
without delay. This solution was mixed gently at room
temperature for 2 hours after which 0.2 ml of a freshly
prepared sodium borohydride solution (4 mg/ml) was added.
The mixture was allowed to stand for 2 hours at 4°C.

Finally the antibody HRP conjugate was dialyzed
against 5 x 4 liters of PBS at 2-8°C.

35
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sequentially to active enzynes. There are a nunber of 30 physiol ogi cal

mechani sns controlling the fibrin pol ymeri zation process involved in
t hr ombweo Hsyorses i on. These include the thronbin inhibitperaRbihREPNDI N
1] (ATI11), protein C, prostacycl iz and various conponent s of
the fibrinolytic systemsuch as tissue 35 plasm nogen activator (t-PA)
and its fast acting I nhi bitor (PAl).
- 37 -

The conjugate was stored in a brown container at

2-8°C.
5 6.3.3. BLOOD SAMPLES

Blood samples were acquired with consent from
both healthy volunteers and from emergency room patients
who presented clinical symptoms of MI, e.g., severe chest
pain. The blood samples were collected into sodium

10 Ccitrate using vacutainers (Becton Dickinson). Plasma was
separated by centrifugation at 2400RPM for 15 minutes.
The plasma was either used immediately or stored frozen at
=70°C.

1s 6.3.4. ELISA PROCEDURE FOR
MEASURING SOLUBLE FIBRIN
Soluble fibrin was detected in fresh or frozen

plasma samples using a sandwich type enzyme-linked
immunoassay system. The capture antibody in the current

20 invention was the antifibrin MH1 antibody. The detection
(or tag antibody) was a HRP conjugate of the same
antibody. Alternatively, a HRP conjugate of the
antifibrinogen antibody 45J, could be employed as the
tagging antibody. |

25 - 96 well polyvinyl chloride (PVC) microtitré
plates (Costar Cambridge, MA) were coated with the
monoclonal antibody MH1 by incubation of a 100 pl solution
of the Mab (at 50 pg/mL) in coating buffer (sodium borate,
ph 8.5) for 12-16 hours at 4°C. Unbound antibody was

30 removed from the plates by washing the wells three times
with a PBS-Tween solution. The MHl-coated wells were
postcoated with BSA by incubating a 200 pl solution of BSA
(1%) in PBS (PBS-BSA) for 1 hour at 37°C. Unbound BSA was
removed by inverting the plates and tapping gently onto a

a5 Ppaper towel. Citrated samples (50 pl) containing soluble
fibrin were incubated on the MH1-BSA blocked wells for 30
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The honeostasi s hypothesis proposed by Astrup in 1956 Astrup, T., Blood
11, 781- 806 (1956) states than an equilibriumexists between fibrin
formati agul ation) and fibrin dissolution (fibrino

t he norma ﬁgalthy state these functé8n§ are evenly 6*?2%%3&"”7
However, mhen t he henostatic process I's inpaired, coagulation and
fibrinolysis are pat hol ogi cally expressed as thronbosis and henorrhage,
10 respectively The cIinicaI mani f est ati ons of pat hol ogi cal thronbosis

t hr ombot ted
or thromboti g, Oxgtgel?% | on (CE)I e)ﬁﬁﬁgg*&’ ﬂﬁ’é‘f?@l%'?&ﬁaé!@%dwisem hat €

n

|ntravascular vel n t hronbosi s , arteria
and venous t Hiwersien and gR eﬁﬁRﬂ#@ﬁnQﬂuFQ?w?ﬁﬁEﬁFétESnﬁ p&gfi-ons of

ot hler _ v?smlé a&eﬂléaaéﬁe(tjﬁgara aﬁa{ﬁiaﬁ(}&lﬁl‘ﬁ!'Ginﬁéﬁmi‘EﬁUi’Bs&-meen. dant
occl usi on of ar es_].eadi r gan epia.. :.an 1e_attendan
life-thred erﬁ‘ﬁ'&‘icﬁﬁ#‘?‘?% AR a‘ga &'tg(ﬁfé%# ggv%s tr &k é@%?ggﬁf“n?sﬁ'%ke),

nyocardi al 2Qsliof PRS+BSA stlution of tha G ITHRP nodpugapeodersai HRBI ves
the conversiqfyn; gaeéf Sf. éﬁa&% i’ﬁ%ﬁﬁ?@&‘&n?'é’ﬁﬂﬂ@&fn 458t BR the

proteol ytic enz rou actlon of 8ents known as

pl asmi nogen 2% %%I%ﬁ% 3QTE4?Hﬁ%%u?%r37?% mEERRPYR, 6PREHGRES| Wasca
fibrinolysis jy&eméwédfwy!inverting the plate and washing the wells 3

10 times with PBS-Tween. The bound conjugate was detected by
addition of 100 ul of O-phenyienediamine dihydrochloride
solution for 10 minutes at room temperature. The
substrate solution was prepared by dissolving a table of
O-phenylenediamine dihydrochloride in a sodium citrate

15 Ssolution containing H0,.

The colorimetric reaction was gquenched after 10
minutes by addition of a 25 uL solution of H,80, (1M). The
absorbance of the solution in each well was determined at
490nm in a Thermomax microtitre plate reader (Molecular

20 Devices, Menlo Park, CA).

6.3.5 PREPARATION OF COLUMNS
FOR AFFINITY CHROMATOGRAPHY
Sepharose MH1 columns were prepared as follows:
25 1g of freeze dried cyanogen bromide activated
Sepharose 4B (Pharmacia) was weighed out and suspended in
1 mM HCl. The swollen gel was washed for 15 minutes in 1
mM HCl on a sintered glass filter.
' MH1 antibody (20 mg) was dissolved in coupling
3p buffer (0.1M NaHCO;, pH 8.3 containing 0.5M NaCl) and
gently mixed with the swollen gel in a stoppered vessel
for 2 hours at room temperature or overnight at 4°C.
After mixing, the gel was washed with coupling
buffer to remove excess antibody. Unblocked active sites
35 were blocked by treating with 0.1M Tris HCl, pH 8.0 (or 1M
ethanoclamine, pH 9.0) for 2 hours at room temperature.
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understood, but it is known that during fibrin formati on pl asm nogen

binds to fibrin where it can be activated by plasm nogen activators,
e.g. t-PA In this manner plasm n generation proceeds within the 30
t hr onbusWRI9E/0&568t | s protected frominactivation by t hePGHU§94/07087
physi ol ogi cal inhibitor of plasmn, al ph&Rerr]- anti plasm n.

Upon exposure to plasmn, fibrinogen and fibrin are broken down to
t heir degradati on products. 35 Fi brinogen breaks down into fragnments X
and Y, and upon further exposure to plasmn, fragnents D and E

- 38 - The antibody-bound gel was then washed 3 with 0.1 M

Acetate buffer (pH 4.0 containing 0.5 M NaCl) followed by
Tris buffer (0.1M, pH 8.0 containing NaCl 0.5M). Coupled

5 antibody was stored at 4°C in sodium azide solution
(0.05%).

Sepharose DesAABB fibrin monomer columns were
prepared as follows: DesAABB fibrin monomers were coupled
to cyanogen bromide-activated Sepharose 4B in the presence

30 ©f 1M NaBr in 0.1M borate buffer (pH 8.2) using the '
procedure described above for preparation of Sepharose
MH1.

6.3.6 CHARACTERIZATION OF THE SOLUBLE FIBRIN
ENTITY RECOGNIZED BY THE IN VITRO ASSAY
FOR SOLUBLE FIBRIN POLYMERS USING MH1
TO_DETECT SOLUBLE FIBRIN

15

It has been demonstrated above, Section 5.5,
that the MH1 antibody does not recognize fibrinogen, the
plasma precursor of the fibrin polymer. It was also shown
above, Section 5.5, that the antibody recognizes both
crosslinked and non-crosslinked fibrin polymer. 1In
addition, it was shown above, Section 5.5, that plasmin
degradation of fibrin, (or any process which leads to the
destruction of the fibrin polymeric structure) causes a
loss of immune recognition of fibrin by such antibody.
Consequently, the MH1 antibody does not recognize any of

the known plasmin degradation products of crosslinked
£ibrin.

20

25.

Evidence that the MH1 antibody only recognizes
the polymeric structure of DesAABB fibrin and does not
recognize the monomeric desAABB fibrin entity was obtained
by affinity chromatography. Briefly, 0.5 mg of the MH1
antibody was passaged over a 5 ml Sepharose desAABB fibrin
monomer column. The column was washed with equilibration
buffer (0.1m Tris buffered saline (TBS), pH 8.5). No
significant binding of the antibody to the column was

30

35
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Fi brin breaks down to fragnents X, Y, D and E from non-crossl i nked
“fibrin and crosslinked D-diner, DD E conplex, Y diner, Y-D-diner and X

oligo crosslinked fibrin. Assays for mar f

t hr orrbn?{? gglgl:gg%r ders have been condugted until quite relci:@n %4@%9879

pol ycl onal anti bodi es in both radi oi nmunoassays and | at ex

aggl utination type assays. These assays have been 10 denonstrated to be
extrenely unreliable by Gaffney (Gffney, P.J., Ann. N Y. Acad. Sci.

408, 407-423psertdd®B83)as MhEwAPEA! Figuaed ﬁensuﬁé ‘é?nﬁi'%&(}?aéﬁi"éféd in (such
as ELI SAs) using nonocl onal antibodi es are becom n ractice in

clinical |addtatiom dhrqeghtag FPﬁ\ erdymact dbem q’?ﬁas‘?—?@%rﬂ%ﬁ ielakedys
is the spith fé i dyanidinéfl hpdtpchllofidejard isndr smdiast gl bound

of the pot etTareThdrsacereoaprad. O pasthsh WA ddthared R tESElSaor 1
| ow | evel s #lR(Ofrackiiens oat 286 m@ ahmitg'-émdy vl s tdetrengsi redd tige
particul ar r@éiﬂ@{n@(wimﬁéraase%iey othithie iproteid Py BidandI&EENt at much
hi gher Ievels I{h phase ELISA using fibrin coated microtiter wells.
See section 5.4.2 above for description of the ELISA used.
10 The protein bound to the column is a result of the
presence of a small amount of contaminating soluble
DesAABB fibrin polymer coupled to the DesaAABB fibrin
monomer column. This contaminant is present in the
starting material used in the preparation of the DesAABB
15 fibrin monomer column. To demonstrate that the Sepharose
desAABB fibrin monomer column was capable of binding an
antibody, a fibrinogen specific monoclonal antibody (Mab)
was passaged over the column in a control experiment. As
shown in Figure 1B, the column bound the control Mab, the.
20 antifibrinogen antibody 453, and treatment with guanidine
hydrochloride (6M) was required to elute the 453 antibody.
Evidence that the MH1 antibody, described above,
recognizes both crosslinked and non-crosslinked soluble
DesAABB fibrin polymers was obtained in an experiment in
25 Wwhich soluble DesAABB fibrin polymers were generated by
addition of thrombin to citrated plasma samples in the
presence and absence of EDTA (EDTA prevents factor XIIIa
from crosslinking DesAABB fibrin polymers). The
crosslinked and non-crosslinked soluble DesAABB fibrin
30 DPolymers were prepared as described in section 6.3.1 and
their respective immunoreactivities were measured using
the ELISA as described in section 6.3.4. As shown in
Figure 2, there is no significant difference in the _
immunoreactivity of crosslinked (B) and non-crosslinked
3s (C) fibrin polymers in the assay system.
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Exanpl es are the formati on of conpl exes between enzynmes and their
inhibitors eg. thronbin-antithronbin 25 111,

pl asnm wabypbeegrr] -antiplasmin, t-PA-PAI-1. The nunbepcpiussRE¥os7

antigenic sites generated by such

and makes the production of imunol ogi cal probes (such as nonocl onal
anti bodies) difficult. 30 Li kewi se, the major probl em associ at ed

with the

the structura

acqui sition of a nonoclonal antibody to fibrin has been
and confwméxh@élathétntharrmnesntlbodbeam x{dtbrl nand its

physi ol ogi cal precurso g S _been esti hat the
35 conser vatfs? W%\Fﬁml%t %%#8 gl%éﬂ PPgWﬁﬁgé’ﬁs‘l ?brglne ot e?® ed
to fibrin isegpeatimertthath&Béig PesAAEffbrin polymer was prepared by
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treating fibrinogen or plasma with the snake venom derived
enzyme Batroxobin, from Bothrops atrox, which selectively
cleaves fibrinopeptide A (FPA) from the fibrinogen
molecule. Batroxobin does not cleave fibrinopeptide B
(FPB), in contrast to thrombin which cleaves both FPA and
FPB. The removal of FPA results in polymerization of the
desAA fibrin monomer units and the formation of a DesAA
fibrin clot. Figure 3 demonstrates clot formation, as
measured by absorbance of the reaction mixture at 340 nm,
when a batroxobin solution is incubated for 15 minutes at
room treatment with a fibrinogen sample. The absorbance
increases gradually with time as the soluble DesAA fibrin
polymers increase in length and concentration, until _
finally the clot is formed. In the experiment to test MH1
assay recognition of desAA fibrin, soluble desAA fibrin
polymer was generated in vitro by incubation of a
fibrinogen sample with batroxobin (final concentration,
0.5 units/mL) at 37°C. An aliquot was removed from the
batroxobin treated sample after 7 minutes and tested in
the ELISA assay of section 6.3.4. No reactivity was
demonstrated with this sample, sample C, as shown in
Figure 4. It can also be deduced from this experiment.
that the assay system does not recognize fibrinogen-desaAA
fibrin complex which is another source of soluble fibrin.
Clearly the reaction mixture produced in this experiment
would contain such "soluble fibrin" entities since the
batroxobin produces desAA fibrin monomers which are free
to interact with other desAA monomers or non-digested
fibrinogen molecules. Since no reaction was demonstrated
in the assay system after addition of batroxobin, the
conclusion can be drawn that the assay does not detect
these fibrinogen-desAA fibrin entities. Sample B, which
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et al., Semn. Thronb. Haenostas, 8, 36 (1982) and,

therefore, only a small percentage of the epitopes on the fibrin
nol ecul ev@ws/0isssf act neoanti gens (and 5 unique to fibrin). ptRUSIHDIRNE
approaches whi ch have been adopted togsacquire fibrin antibodi es have

concentrat ed

on inmmuni zing animals with soluble fibrin fragments and

synthetic peptides which m m c exposed neoantigenic sites on fibrin.

Hui, K Y., et

al., 10 Science 22, 1129-32 (1983), Scheefers-Borchel, V.

et al ., Pfiecthdapositdat cEmtddds, 8o HNMpEEEd 985)DesAABE fikbr i J. |

al ., Thronb.
l nmul ., 21, 8
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roducts. Soluble TPJS)J?:H'?J ggl}\pig)}/egg.rll Oé]lggram{s?e ¥ L(?e t'got ake a

factor XIITa crosslinking of native fibrinogen molecules
to form fibrinogen dimers (Kanaide et al., J. Lab. Clin.
Med. 86: 574-579 (1975)) Factor XIIIa (FXIIIa) treated
fibrinogen is not detected by the assay system. In this
experiment, fibrinogen coated microtiter plates were first
treated with thrombin-activated factor XIIIa for 1 1/2
hours at 37°C. After quenching residual thrombin
activity, the MH1 antibody was incubated in the FXIIIa
treated wells and bound MH1 was detected by use of anti-
mouse alkaline phosphatase conjugate. Bound anti-mouse
antibody was detected by the addition of an alkaline
phosphatase substrate. The level of MHI bound to the
wells was measured by reading the optical density at 490
nm. Figure 5, sample labeled Fg + FXIIa shows that no MH1
was bound to the'wells, indicating that the antibody does
not recognize crosslinked fibrinogen structures. As a
positive control the fibrinogen coated wells were treated
with thrombin to produce desAABB fibrin polymers and

- tested for immunoreactivity with MH1 antibody, Figure 5,

sample labeled Fg + Thrombin.

6.3.7 MEASUREMENT OF SOLUBLE DESAABB FIBRIN
POLYMER FORMATION IN VITRO

Socluble DesAABB fibrin polymers were produced in
vitro by addition of low levels of thrombin (6.025 NIH
units/mL) to a citrated plasma sample. The sample was
incubated at 37°C. Aliquots were removed from the sample
at 1 minute intervals and the thrombin activity was
quenched by the addition of the potent thrombin inhibitor,
hirudin (final concentration 2-ATU/ml). The amount of
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conpletely different approach and utilizes the intact 20 fibrin antigen in
conjunction with the enhanced I mmunol ogi cal sensitivity of the antigen

free ( nimal to produce a fibrin-specific nonoclon
ant i boé?l"!i’.b %(l)orls?ﬁe pur pose of the subject Ei)n_yent ion, a ?’Il:gﬁsgt_u%oggi fic

nmonocl onal antibody binds to fibrin 25 &hd not to fibrinogen, the

fi brinogen degradation products or the fibrin degradation products.
5. 2 . MATERI ALS AND METHODS 5.2 .1 . ANIMALS

30 Gernir ALB/ m | f t hes rnfree (GF)
col ony mai nt alsﬁg‘gbg? ﬁﬁ%ﬁ%gfavéfﬁgftﬁ?{ é&%p% s%%r;\%i %.ﬁ%ﬁgta‘r{ig%ral S were
transported tmeasnred by the [ELLSA RIGCIURDRRTFOHReIThB AREELOR- Free

(AP) ~ cokgoRyswas initiated by noving pregnant G- mice fed a 35

1oL o e enl 0ot oS FLEARAE, 8 ansime or aBhumd T

' fibrin polymer, indicated by the absorbance at 490 nm,
rises sharply after an initial lag period of 4-5 minutes
after the addition of thrombin to the plasma. The level
of soluble fibrin polymers peaks at approximately 7.5

10 minutes after the addition of thrombin to the plasma. The

steep decrease in the soluble fibrin level observed after
9-10 minutes coincides with gelation and formation of
insoluble fibrin polymers (clot formation).

15 6.3.8 PURIFICATION OF SOLUBLE FIBRIN POLYMERS
FROM PLASMA BY SEPHAROSE-MH1l AFFINITY
CHROMATOGRAPHY

A plasma sample was incubated with thrombin
(0.025 units ml) for 7 minutes at 37°C. The thrombin
activity was quenched by the addition of excess hirudin.
The reaction mixture was passaged over a Sepharose-MH1l
column. The starting material, the run through (nonbound
material) the bound protein (purified protein) which
protein was eluted using NaSCN (3) and dialyzed against
. PBS, were tested for immunoreactivity with MH1 using the
ELISA assay of section 6.3.4. The immunoreactivity of the
thrombin treated plasma after quenching with hirudin
(Starting Material), of the bound protein after removal
from the column and dialysis (Elution), and of the
nonbound material (Nonbound) is shown in figure 7. The
starting material and the bound protein after dialysis

were immunoreactive with MH1 while the nonbound material
was not.
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r’,aeigﬂ;,_,,ﬁ~mheré the mce were imedi ately transferred to the chem cally
. inmed (CD) AF diet. Their offspring, whi ch had never directly contacted

a Nafural 5 ingredient (NI) diet, were weaned frommaternal mlKk to CD
di et and werwoomswiigesat ed the first AF generation. The AF m cerowUS 4mbEd
In pairs until the femal e was noticeably ggegnant; then the nmale was
renoved to ensure that the female would thereafter 10 receive her ful

daily lipid supplenment. Young were weaned at 24 days of age.

5. 2. 2. HOUSI NG AF breeders were housed in pairs in one half of a

6.3.9 IN VITRO DETECTION AND MEASUREMENT OF
SOLUBLE CROSSLINKED AND SOLUBLE
NON-CROSSLINKED FIBRIN POLYMERS FOR
DIAGNOSIS OF MI

5 36 different plasma samples were tested for
soluble crosslinked and soluble non-crosslinked DesAABB
fibrin polymer levels using the ELISA assay described
above in section 6.3.4 with-MH1 as the capture antibody.
After collection, plasma samples were drawn into

10 anticoagulant and frozen. The thawed samples were tested
for soluble crosslinked and non-crosslinked DesAABB fibrin
polymer. Ten of these 36 samples were taken from healthy
control humans. Healthy controls were recruited from
laboratory personnel who were in excellent health and who

did not experience chest pain even after exertion. All

other samples were from patients at the emergency room

facility of a local community hospital. All emergency
room patients had clinical symptoms (chest pain)
suggestive of myocardial infarction (MI); 15 were
confirmed as suffering from MI; the other 11 patients were
all confirmed not to be suffering from MI. The latter
patient group was diagnosed with various clinical
conditions including, angina pectoris, anxiety, pulmonary

. edema. The blood samples were drawn from patients
immediately after their admission to the emergency room.

In most cases information on the duration of the symptons

were recorded. In this study all patients had been

experiencing chest pain for 1-3 hours prior to admission.

As shown in Figure 8, in all cases the patients with

confirmed MI had significantly higher levels of soluble

DesAABB fibrin polymers than the healthy controls (3-30

fold difference). In those patients with chest pain but

without MI, the levels of soluble DesAABB fibrin polymers
were not significantly different from those of the healthy

35 controls. (Levels of soluble crosslinked and soluble non-
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15 standard pol ycarbonate nouse cage 28x17.8x12. 7cm The bott om had
been cut out and replaced with a fal se bott om of nesh stainless steel.
A | ongivbuwdioigds di vi der of sheet stainless steel was bolg@guss o6

ends of the plastic cage, projecting engygh above and 20 beyond the cage to
hold in place a lid of stainless wire. This recessed lid, which
normally fits inside a cage, was inverted to provide nore adequate head
room above the fal se bottom Stainless steel collars of appropriate

Sitze }Nere Wtféxdcl?é’siﬁniés beBafBE! &Tlc?ﬂldxt 1ﬁ5ef@|ﬂré?aitqﬁdhletasb@yéa%i lcﬁOUf
stainl ess stee e 0 e | ongi tudi na

di vi der %&“?%é Ehﬁglnmgﬁﬁﬁay qﬁbéﬁ‘fH¥g+gl & bottom and the

top. (A picture of theTheagsensifdarity rofP|tdaksnassay systeR wabhe gernfree
systen1for i Qi - d g0 Agi ng,
aye M asefbfe TR0Y ok pesef A4% LHE°SR08) 61 Ly WRC R 44 02
‘Raton, FI. (108%)(fqrensdé) Bowerlredharie "tﬁr%r’é%false grsddives land é’tO and
water bottlegaisd Rbgativeki.ds 1t canitierot&se dbel beﬁcuﬁd@aelﬁhaa_erﬁﬁé

The bottles were filled and .nverted in.their collars. i p
Supplanent BESREaSYREETILRR, 3 RFH HEEEh OF SEegpegeid Sechihdy Bor
myocardial infarction.

10
6.4 KITS FOR IN VITRO DETECTION OF SOLUBLE
CROSSLINKED FIBRIN POLYMERS AND SOLUBLE
NON-~-CROSSLINKED FIBRIN POLYMERS
It is to be understood that the present
invention is not limited to the use of monoclonal
15 antibodies in the assay. However, where such antibody is
used, with respect to the kit hereinafter, these kits
contain a set of standards, a first antibody (i.e.,
capture antibody, for example MH1l) which can be
immobilized on a surface and a second antibody labeled
with a signal generator as described above. These kits
contain standards in the form of known amounts of soluble
cross-linked DesAABB fibrin polymer and soluble non-
crosslinked DesAABB fibrin polymer. Such standards may be
prepared by the isolation of soluble crosslinked and
soluble non-crosslinked DesAABB fibrin polymers using the
MH1 Sepharose affinity column as described above. The

20

25

kits may also contain specific buffers, separating agents
and controls. The kits may contain collection devices or
chemicals to treat the sample to be assayed.

All publications and patents cited above are
herein incorporated by reference.

30

3 5 f e e e e e =TT P e

cet Has Been Replaced

T




e ————
-

This is the replacenent sheet

Dat e: - 41 - cups. A plastic
pan was der each cage to recei ve wastes. PERRY
paper mhléﬂﬁgersgd both as bedding and 5 63° |ngest|ble flber masf%@%%ﬁé

ashless filter paper

[ HIIH TR

We Claim:

1. In an immunoassay for the determination of
s plasma fibrinogen levels in vitro comprising contacting
said plasma fibrinogen with a monoclonal antibody, the
improvement comprising employing for said monoclonal
antibody a fibrinogen-specific monoclonal antibody.

10 2. The method of claim 1 wherein said fibrinogen-
.specific monoclonal antibody is a monoclonal antibody
having the identifying characteristics of the monoclonal
antibody produced by the hybridoma ATCC HB 9740.

15 3. A method for the in vitro detection of soluble
crosslinked fibrin polymers and soluble non-crosslinked
fibrin polymers in a mammalian sample, which comprises
contacting the sample with a substance able to detect
soluble crosslinked DesAABB fibrin polymers and soluble

20 hon-crosslinked DesAABB fibrin polymers and which
substance does not detect: (a) fibrinogen, (b) fibrinogen
degradation products, (c) DesAA fibrin monomers, (d) DesAA
fibrin polymers, (e) DesAABB monomers, (f) crosslinked
fibrinogen, (g) DesAA fibrin monomer-fibrinogen complex

25 .and (h) fibrin degradation .products.

4. The method of claim 3 in which the substance is
comprised of at least one antibody able to form a complex
with soluble crosslinked DesAABB fibrin polymers and

30 sSsoluble non-crosslinked DesAABB fibrin polymers, wherein
the antibody does not crossreact with: (a) fibfinogen, (b)
fibrinogen degradation products, (c) Desaa fibrin monomer,
(d) DesAA fibrin polymer, (e) DesAABB monomers, (f)
crosslinked fibrinogen, (g) DesAA fibrin monomer-

35 fibrinogen complex and (h) fibrin degradation products.
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No. 41, purchased as cli ppings (Sa beddi ng t he paper
was cut Into strips. Uncut squares ﬂ&m were used for cl eanup
i nsi de ¢80l ator. The paper r 25 mn
121[6”]%93@1%\68 irradiated (4.5 Mad) pI astic bags. li(%'ll‘lﬁgg%ogom
recei ved enough paper to cover one end o tﬁe cage. It was replaced when

It became wet, yellow or dirty. The cages were mai nt ai ned
i nside a 1.37x0.6x0.6M 15 flexible isolator of the Trexler type (Trexler,

pP.C, Lab. Ani Caipg, { 3))

gnot obi otic technolmcj)g see]‘%b Sorfﬁnogpjréé% %Edin %P&bﬁ@ ?égc’%}’aﬁﬁards
and QGui de LineBosen frem thanQQﬂRmFOKﬁﬂﬁﬁknﬁimﬁna@bw&hwn®l anbbbadbey,
Ani mal s, 20 mﬁbemahaﬁeawlmmwmém:b\@éi@r@ﬁtm&fé@ Oémglt Sgiﬁgﬁes

vashlngton e |solators mere mai ntained in a room a rr]C
on a 12h |%$gh nﬁi? pife sy fiaP fragmentsem di ameter Tygon tube 7.55cm
| ong was sealed to 25 the top of the isolator and closed wth vinyl

st oppers at bogh tap ARl Haid O&Q‘ J{%ﬁn P4 ovljl Wl&? g0t igaggrtwo

sterile filtration of diet, wafer
different antibodies are used as the substance.

10 7. The method of claim 4 in which the antibody is
capable of binding to the epitope recognized by MH1.

8. The method of claim 4 in which the antibody is

MH1.
15
9. The method of claim 3 in which the soluble
crosslinked DesAABB fibrin polymers and soluble non-
crosslinked DesAABB fibrin polymers are measured.
20 10. The method of claim 4 in which the soluble

crosslinked DesAABB fibrin polymers and soluble non-
crosslinked DesAABB fibrin polymers are measured.

11. The method of claim 3 in which the mammalian
25 'sample is a human sample.

12. The method of claim 9 which further comprises -
taking the measurement for the purpose selected from the
group consisting of evaluating predispositionn for a

30 thrombotic event, diagnosis of a thrombotic event and
monitoring of a thrombotic event.

13. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the
35 group consisting of evaluating predisposition for a
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5.2.3. DIET 30 Tabl e 1 indicates both diet conposition and the

sequence for dlssoIV|ng the ingredients in ultrafiltered MI1i-Q water
(MIT1ipesos The ™ am no aci ds and dextrose were Si IBBTh S§ ’U@é"
cul ture

o AN R

The ot her reagentss weré@

10
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- 42 -

thrombotic event, diagnosis of a thrombotic event and
monitoring of a thrombotic event.

14. The method of claim 9 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for
myocardial infarction, diagnosis of myocardial infarction
and monitoring of myocardial infarction.

15. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for
myocardial infarction, diagnosis of myocardial infarction
and monitoring of myocardial infarction.

16. The method of claim 9 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for deep
vein thrombosis, diagnosis of deep vein thrombosis and
monitoring of deep vein thrombosis.

17. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the

‘group consisting of evaluating predisposition for deep

vein thrombosis, diagnosis of deep vein thrombosis and
monitoring of deep vein thrombosis.

18. The method of claim 9 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for
pulmonary embolism, diagnosis of pulmonary embolism and
monitoring of pulmonary embolism.

19. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the

This Sheet Has Been Replaced




Fi sher certified or equivalent. The conpl ete water sol ubl e di et was
filtered cold through an Ami con ' trafilter using three PnilO
menbranes 5 150mmin di aneter '(,m“mnm"]ﬁlm The ultrafilter menbranes
had a nggﬁﬂﬁﬁ% wei ght cut oft of 10, 000sdattons. The as

nbl ed
ultrafif apparatus was sterilized before use by passi gHEU%H@@%V
sodi um hypochl orite solution through rt 21f 51 | owed by 10 thorough washing.

Utrafiltered diet was stored at 4[err]Cin sterile reservoirs until

needed. The diet was i ntroduced into the AF isolator using a 0.2um

Nyl on (NBE) filter in an augocla ressure.filter wthits
i

ed f hol der
delivery tub§'9%ﬁyﬁ%ﬁf*?ﬁﬁp%. B %%Fgﬂg Egeaﬁﬁﬂﬂiﬁ?lo?bonhis pur pose,
t he upper vi mpulmsirgpperembol e, rébayrdsisonft pualMogary ubebskasadand t he
top of tIﬁ%ﬂfﬁgfﬁﬁﬁ’oﬁggpiﬂgnéf%eéﬁﬂélgémﬁhe tube was sprayed Wi th
(0] 0 e

a sterilizing solution of peracetic acl contai ning 0.1% al kyl -aryl
sul phonat&. The filter 20 hol der stopper was inserted in place of the

upper stopper .20 Af t'Pfie Xlethodt 68 thaimopeiwhIichpMIrtier compeiBesd
inder 20 pei "B rniedbieRbnt TEEE KRS prrpire Hetetted: H8miPement
is given 25 igrdu|corsighingo9ft evalyatindepresiisrosiepen afoon
disseminated intravascular coagulation, diagnosis of
10 disseminated intravascular coagulation and monitoring of
disseminated intravascular coagulation.

21. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the
15 group consisting of evaluating predisposition for
disseminated intravascular coagulation, diagnosis of
disseminated intravascular coagulation and monitoring of
disseminated intravascular coagulation.

20 22. The method of claim 9 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for stroke,
diagnosis of stroke and monitoring of stroke.

25 23. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for stroke,
diagnosis of stroke and monitoring of stroke.

30 24. The method of claim 9 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for
intracardiac thrombi formed as a result of atrial
fibrillation, diagnosis of intracaradiac thrombi formed as

35 @ result of atrial fibrillation and monitoring of
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made from those methyl esters which vacuym disti a tenperature
range yielding the esters from pal n{ﬁﬁ“ﬂ"ﬂﬂ nﬂlﬂ te These esters
m xed 30

were then transesterified with glyc

trigl yceydh9de@1ssgNu- Chek Prep, Elysian, M). The fat - s opeYUS94ydFogyM NS

were added to the triglyceride m xtgpe_before its filtration into the

| sol at or at which tinme it was warned to 50[err]C and filtered into the

i solator by the sane procedure used for the water- 35 soluble portion of
t he diet.

- 43 -
intracardiac thrombi formed as a result of atrial
fibrillation.

s 25. The method of claim 10 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating disposition for
intracardiac thrombi formed as a result of atrial
fibrillation, diagnosis of intracardiac thrombi formed as

10 @ result of atrial fibrillation and monitoring of
intracardiac thrombi formed as a result of atrial
fibrillation.

26. An in vitro method for the detection in a

15 mMmammalian sample of those species which form a complex
with the MH1 antibody, which method does not detect those
species which do not cross-react with an MH1 antibody,
which method comprises contacting a mammalian sample with
a substance able to crossreact with those species which

20 form a complex with the MH1 antibody wherein the substance
does not crossreact with those species with which an MH1
antibody does not cross-react and detecting the cross-
reacting species.

25 27. The method of claim 26 in which the substance is
MH1.

28. The method of claim 26 in which the species
forming a complex with the MH1 antibody is measured.
30
29. A kit for assaying the amount of soluble
crosslinked DesAABB fibrin polymers and soluble non-
crosslinked DesAABB fibrin polymers which comprises:
(a) measured amounts of standards containing
'35 soluble crosslinked DesAABB fibrin polymers and soluble
non-crosslinked DesAABB fibrin polymers; and
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The lipid intake was a neasured -0.-375m /day:- - Increasing the lipid
suppl enent has greatly decreased the nortality rate of newborn mce. The

average 5 litter size has also i nHmﬂ EULHHL"JWR conventional ly

reared animals. Lactating fenales e the normal anount of

|i pi d SWpHH5EIEs8t . -PCAUS94/07087
- 93 -

(b) means for detecting soluble crosslinked
DesAABB fibrin polymers and soluble non-crosslinked
DesAABB fibrin polymers.

5
30. A kit according to claim 29 in which the means
for detecting the soluble cross-linked DesAABB fibrin
polymers and the soluble non-crosslinked DesAABB fibrin
polymers is an antibody.
10
31. A kit according to claim 29 in which the
antibody is MH1.
15
20
25
30
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Conposi tion and preparation of

chem cal |y defined diet

L489El Se 5 Anount

(grans/ 100 grans | ngr edi ent of r

To 192 ml MIli-Qwater 70[err]C the followi ng were added:

1.9 10 Phen I ne | sO%OM

1.08 mm i ne D N ermational Burea °R°‘“'Qﬁﬁ§'%

8- 37 INTERATIONAL APPLICATION PUBLISHED UNDER THE PATENT EOOPERAMGIR TREALS (pCT)

0. /A igern?@ I?Féel'{{ﬁ%\ﬁ“ﬁ” 3: (11) International Pu;.li“;‘;“ Numbq:lqi I:SE,IUd WO PBI01568
0.74 GOIN 3348 sol uti on was cool ed| Ad 42 Bl Gt e, hoL! OV, ey 1995 (120195

(21) International Application Number: PCT/US94/07087
{22) International Filing Date: 22 June 1994 (22.06.94)
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086,423 2 July 1993 (02.07.93) us

(71) Applicant: AMERICAN BIOGENETIC SCIENCES, INC.
[US/US]; 1385 Akron Street, Copiague, NY 11726 (US).

(72) Inventors: GARGAN, Paul, E.; 422 Marquette Avenue, South-
bend, IN 46617 (US). PLOPLIS, Victoria, A.; Apartment
Al, Vaarstraat 40, B-3000 Leuven (BE). PLEASANTS, Ju-
lian, R.; 52631 Gumwood Road, Granger, IN 46530 (US).

(74) Agents: CORUZZI, Laura, A. et al.; Pennie & Edmonds, 1155
Avenue of the Americas, New York, NY 10036 (US).

(81) Designated States: AM, AU, BB, BG, BR, BY, CA, CN, CZ,
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(57) Abstract

:mmumzed gennfree anithal, for in vitro and in vivo clinical diagn
specific monoclonal antibody.

(54) Title: IMMUNOASSAY FOR SOLUBLE FIBRIN POLYMERS

. The subject invention relates a method for the production of monoclopal antibodies. The method utilizes an immunized germfree
animal. The invention also provides methods for the use of such monoclonal antibodies, and polyclonal antibodies derived from an

ostics and therapeutics. Also, the subject invention provides a fibrin-
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added: G yci ne : 0.59 20 Proline

1.48 Serine 1.33 Al ani ne
0. 59 Sodi um gl ut amat e 3.40 L-t*rosine et hyl
est er HMO 95/01568 0. 62 Ferrous gl uconate PCT/US4107087
05 Salts 35D err] 0. 105 Sodi um
Selenite[err] 0.074 25 Solution cooled to 5[err]C
and the foll ow ng added: Calciun1?lécerophosphate 5.22
Magnesi um gl ycer ophosphat e 1.43 Cal ciumchloride 2H err]0
0. 185 Sodi um chl ori de- Pot assi um | odi de 30 (KI)
m x (contai ni ng 680ng KiI) 0. 086
Vitamn B mx 111E5[err] 680ny 0. 09 Vitam n Bl2[err]
1. 20ng Chol i ne chl oride 0.31 Pot assi um
acetate 1.85
0.3
i
£ 0.2+
| =
O
[
)
Lag
§ -]
2 GnHC!  (6M)
0.1-
0.0 R L L T 1
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VOLUME (mL)
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35 To 108mM MIli-Qwater at 70[err]C D- Dextrose, anhydrous was

added This is the repl acenent
sheet - 45 -
WO 95/01568 PCT/US94/07087
2/9
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E
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0
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5 0.1
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GRHC!  (6M)
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Solutions cooled to 5[err]C and conbi ned both for ultrafiltration.
[err] Conposition of salts 35D m xture given in Table 3 [err] Added in
- addi ti diumselenite in Salts 350 err] 5 [err] Conpasition of vitamn
0 ishrpet

B m x e Table 4) [err]Added in addition to vitEni/H5%4/07987 p,
vitamn B m X 111E5 TABLE 2 10
Conposition of lipid supplenment LADEK 69E6 I ngr edi ent Anmount
per daily dose* (0.375m) Purifi e:?goy triglycerides[err] 0. 33¢g
15 Retinyl palmtate 45mg (11.7 1.U.)

Chol ecal ci ferot— """ .0288ng (1.15 1.U.) 2

anbo- al pha-tocopherol‘aced 3. 3ng 2 anbo- al pha-tocopherol acetate

O i
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20 *Lactating mce received twice the normal adult dose.

[err] Consisting of: 12% pal mtate 1.5%
st ear at ewd%sp 24% ol eat e 55%
i nol eate 1568 8% | i nol enat e PCT/US94/07087
- 46 -
4/9
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TABLE 3 Conposition of the 35D Salts Mxture 5 Salt

Amount (per 300m of diet) (ng) Mh(acetate)[err] 4Herr]O0

. 55.4 rr] Herr]O 40. 6 Cu(acetate) err]O
3.7 10w@f’§§%§ate)[err] Herr]O 2.5 NaF P ol
2.1 SnSq err] 2Herr]0 0. 37 (NH err])[err]
MYerr](err] 4Herr]O0 0. 37 Ni Cllerr] 3Herr]O

0.37 15 Co(acetate)[err] 4Herr]O0 569 0.11 Na[err]VCIerr]

0. 22 Na[err] Se( err] 096 —
TABLE 4 20 Conposition of the Vitamin B MXxture 111E5
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Fngr edi ent Amount (ng)/300m Diet) Thi am ne HC

1.23 25 Pyridoxine HO 1.54 Biotin
0.25 L9 Acid - 0. 37 Vitam n B12
0.37 WO 95.%%@ avi n 1.85 BOT/URP4BT082Ni de
9.2 I -inositol 61.9 Cal ci um
pant at henat e 12.3 Water was MI11i-Q
ultrafiltered grade and was filtesyg into the isolator in the sane
manner as the di-et. :
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- 47 - 5.2.4. M CROBI OLOG CAL MONI TORI NG The
antigen-free systemwas tested for m crobi al contam nation according to
gui.delines set out in 5 Wstmann, B.S. ed. (1970) Ghotobiotics Standards
and V0 @801568s for the breeding care and managenent of  PCTARIAATSryY

animal s, National Research Council, Nat i onal Acadeny of Scienceps,
Washi ngton, D.C. Briefly, swabs wetted with diet and water from i nside
10 the isolator were used to obtain fec?ygsnears obt ai ned fresh from
t he nouse and fromthe accunul at ed wast e under each cage. Snears were
al so taken fromthe wal s of the isolator particularly around the éentry
ports. Duplicate snears were always taken. One set 15 % tested 1di65ect
m croscope exam nation for bacteria and fungi, usi c £ >~ The
second set of swabs was used for detection of micro I Thr ee
weeks were allowed to el apse before a culture was ¢ e
negati ve.
1.2
1._
0.8-
~~ -
=
S -
& 0.6-
q-
S’ “
uJ -
&)
S 4
& 04+
= 1 THROMBIN
e2) ADDED
0.2- ‘
0 1 | 1 I i 1
0 4 6 1.5 10 12

TIME (MINUTES)
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20 M cr obi ol ogi cal testing was perforned approximately every two

weeks or a few days after a new entry to the isolator had been made.
5.3. THE PRODUCTI ON OF MONOCLONAL ANTI BODI ES

ANT| GEROEREIS8M CE 25 The antigen-free mce des@Firﬂé??‘“i%qsél nabove
wer e used as the | ynphocyte donor in the production of nonocl onal
anti bodies. Solutions of all antigens were prepared under sterile
conditions in a lamnar flow h 30 The foll ow ng
protocol was adopted for the i ni zation of the AF mce. The
antigen (25-50 mcro g) was dissolved in sterile saline (100 mcro 1)
and emul sified with an equal volunme of Freund's Conplete...35

Adj uvant (FCA). Interferon (1000 units) was added to t he soI ution of
antigen prior to the preparation of t he erruls ri nges
and needl es were used is SIRer Has eenklep?act?&’
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- 48 - for all imunizations. The syringes were transferred to the
AF i so] ator via the entry port where they were sterilized by spraying

with a solution of peracetic 5 acid (2% . Booster inject &ggﬁwglven
using, gtgg%lsﬁs sanme anmount of antigen and the repl acenent i)(?ﬂ?éA

Freund's Inconplete Adjuvant. A total of three boost er i nmuni zatlons
were given each at intervals of three weeks. The final boost (w thout
adj uvant) was 10 given 4-7 days pri orQ/Q) fusion. Al i mrunizations wer e
given intraperitoneally. The mce were renoved . ..fromthe isolator on. the

day of the fusion and were
eet Has Been Replaced
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I mmedi ately sacrificed by CqJerr] asphyxiation The spleens
and the splenocytes fused with nouse 15 nyel oma
hybri doma t echnol ogy. 5.4. USE|CE

SYSTEM FOR THE PRODUCTI ON OF A FI B
MONOCLONAL ANTI BODY 20 The antigen-free sy4

fibrin-specific nonoclonal antibody. The anti‘bog
and does not recognize fibrinogen, fibrin d¢
fibrimogen degradation products. The hybrid

by 25 fusion of splenocytes fromantigen free

with human fibrin, and NS1 nyel oma cells.
| MMUNI ZATI ON SCHEDULE

Three eight week ol.d fenale antlgen free
nmice 30 were inmunized wit IMMUNGASSAYFORSOLYBLY FIBRIY,

n
preparation. The preparation was a freeze fracture sanple of fibrin
whi ch was prepared as foll ows: Human fibrinogen was converted to
fibrin by

i. EIELD OF THE INVENTION
5 The subject invention relates a method for the
production of monoclonal ‘antibodies.

wer e r enoved

OF. REE .t BN SHEETSANIS
I#{I\Dgﬁﬁmlﬁi Cpaged ..... to paged
tJaI’TCMB(S)JSEd phgedderppad ?}
Yidi Brawing(s) @phyeds ﬁ&@l‘fag&iq 9

agBétRD Pt QALAIBHE! aged
pma cell |ine was pro&
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The method
utilizes an immunized germfree animal. The invention

also provides a method for the use of such monoclonal

antibodies, and polyclonal antibodies derived from an
10 immunized germfree animal, for in vitro and in wvivo

clinical diagnostics and therapeutics. Also, the

subject invention provides a fibrin-specific
monoclonal antibedy.

is5
2.

BACKGROUND OF THE INVENTION _
Kohler and Milstein are generally credited with

having devised the techniques that successfully
resulted in the formation of the first monoclonal

20 antibody-producing hybr;domas (G. Kohler and C.
Milstein, 1975, Nature 256, 495-497; 1976, Pur, J..
Immunol. 6, $11-519). By fusing antibody-forming
cells (spleen B-lymphocytes) with nyelona cells
(malignant cells of bone marrow primary tumors) they

- created a hybrid cell line, arising from a single
fused cell hybrid (called a hybridoma or clone). The
hybridoma had inherited certain characteristics of
both the lymphocytes and the myeloma cell lines. Like
the lymphocytes, the hybridoma secreted a single type

30 of immunoglobulin; morgover, like the myeloma -cells,
the hybridoma had the potential for indefinite cell
division. The combination of these two features
offered distinct advantages over conventional
antisera. '

- Antisera derived from vaccinated animals are
variable mixtures of polyclonal antibodies which never
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t hronbi n and Fact or

nitrogen and reduced to an extrenely fi ne powder by nechani cal
A di spersion of

di sruption.

XIlla. The fibrin clot was then

This is the replacenent sheet
the freeze fractured fibrin was made in saline to gi ve

a clear solution
of crosslinked fibrin XL-Fn with a

i0

s

20

can be reproduced identically. Monoclonal antibodies
are highly specific immunoglobulins of a single type.
The single type of immunoglobulins secreted by a

-hybridoma is specific to one and only one antigenic

determinant, or epitope, on the antigen, a complex
molecule having a multiplicity of antigenic
determinants. For instance,.- if the antigen is a
protein, an antigenic determinant may be one of the
many peptide sequences (generally 6-7 amino acids in
length; M.Z. Atassi, 1980, Molec. Cell. Biochem. 32,
21~43) within the entire protein molecule. Hence,
monoclonal antibodies raised against a single antigen
may be distinct from each other depending on the
determinant that induced their formation; but for any
given hybridoma, all of the antibodies it produces are
identical. Furthermore, the hybridoma cell line is
easily propagated jin wvitro or in vivo, and yields
monoclonal antibodies in extremely high concentration.
A monoclonal antibody can be utilized as a probe
to detect its antigen. Thus, monoclonal antibodies
have been used in jin vitro diagnostics, for example,
radioimmunoassays and enzyme~linked immunoassays
(ELISA), and in in vivo diagnostics, e.g., in vivo
iwmaging with a radiolabeled monoclonal antibody.

Also, a monoclonal antibody can be utilized as a
vehicle for drug delivery to such antibodiest! antigen.
However, before a monoclonal antibody can be

utilized for such purposé, it is essential that the
monoclonal antibody be capable of binding to the
antigen of interest; i.e., the target antigen. This
procedure is carried out by screening the hybridomas
that are formed to determine which hybridomas, if any,
produce a monoclonal antibody that is capable of
binding to the target antigen. This screening
procedure can be very tedious in that numerous, for

35 frozen in liquid

49 -
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final concentration of Ing/nm.. 33 mcroL of this 5 fibrin antigen was used
to imuni ze the aninmals. The vol unme of the antigen solution was adjusted
to 100 mcroL with sterile saline and was then emnulsified with FCA as
described in the last section. Two booster inmmunizations were

adm nistered, at intervals 10 of three weeks, using the sane |evel of
antigen in Freund's I nconplete Adjuvant. The final booster was gi ven
4 days prior to the fusion. The sane |evel of antigen was used and

adj uvant was replaced with saline. 15 5.4.2. DETECTI ON AND
DETERM NATI ON OF ANTI BODY QualitatBve and quantitative :
determ nati ons of nonocl onal anti body were perfornmed using an enzyne

| i nked i mmunosor bent assay (ELISA). The ELISAs were 20 performed using
human fibrin inmobilized onto a 96 PVC plate (Costar). The fibrin
coated assay  examples W@amsew&?aﬂyﬁ n@Poreelenalol of a

L i ]p][l nfgen sol utamtﬂdg%fasun%r Q‘%v'e) df&énsaﬁwm/uﬂfore D UHY; ﬂ(ﬁﬁdd ne .
uffer) overnig nboun | en was r i ng ‘Wi
PBS cont ai ni ng T %' %(ﬁpgé) lsrr?eaﬂﬁ%? r?%ggﬁ%
ont o each pIq$tmhemﬂdrg&§;anhiganei$tiﬂdhﬁiﬁiedn/ Accordingly, there

is the need for a method for the production of

monoclonal antibodies that increases the likelihood

that ‘the hybridoma will produce an antibody to the
target antigen.

10
3. SUMMARY OF THE JNVENTION
The subject invention provides a method for the
prbduction of monoclonal antibodies to an antigen
comprising:
15 (a) immunizing a germfree animal with said

antigen to permit antibody-producing cells to produce
antibodies to said antigen,

(b) removing at least a portion of said
antibody-producing cells from said germfree animal,

20 (c) forming a hybridoma by fusing one of said
' antibody~-producing cells with an immortalizing cell
wherein said hybridoma is capable of producing a

monoclonal antibody to said antigen,

(d) propagating said hybridoma, and

25 (e) harvesting the monoclonal antibodies
produced by said hybridoma.

The subject invention also provides methods for
utilizing a monoclonal antibody or a polyclonal
antibody derived from a germfree animal. The subject

30 invention also provides a fibrin-specific monoclonal

antibody and methods for utilizing such a monoclonal
antibody.

5 the renizcement alvug



I ncubation with 100 microliters of a thronmbin solution
units/m) containing 2nMCaCl [err] for 1 hour at
calibration curves for the antibody were constructed using a
preparation of anti body which was honbgeneous by SDS- PAGE.

To prevent non-specific binding, the fibrin coated pl ates were

I ncubated with a 1% solution of BSA 35 in PBS pH7.4. Antibody contai ning
sol utions (100 m croL) were then added and i ncubated at 37[err]C for
90 '

- B0 -
-4 -

([err]o NIH
30 37[err]C Standard

BRIEF DESCRIPTION OF THE FIGURES
Figure 1(A)

Determination of immunoreactivity of MH1 with DesAABB
5 fibrin monomer by affinity chromatography.

Figure 1(B)

control experiment to confirm the binding capacity of

the Sepharose DesAABB fibrin monomer matrix using the
10 fibrinogen specific antibody 45J.

Figure 2

Immunoreactivity of non-crosslinked DesAABB fibrin
polymers and crosslinked DesAABB fibrin polymers in

145 the in vitro assay for soluble DesAABB fibrin polymers
using MH1.

Figure 3

The formation of DesAA fibrin by batroxobin treatment
20 ©Of plasma fibrinogen.

Figure 4
Immunoreactivity of soluble DesAA fibrin polymers in

the in vitro assay system for soluble DesAABB fibrin
25 DPpolymers using MH1.

Flgure 5

Immunoreactivity of MH1 antibody with activated Factor'
XIII (Factor XIIIa) - treated fibrinogen.
30
Figure 6
Measurement of soluble DesAABB fibrin polymer
formation in vitro using the soluble fibrin MH1 assay.
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m nutes. After each step in the procedure the wells wer e extensively
washed wi th PBS- Tween. Bound anti body was detected by the addition of a
1000 fold 5 dilution of rabbit anti-nmouse anti body conjugated to

al kal i he phosphatase (Sigma) diluted in PBS, 1% BSA  pH8.O0.

5.4.3.- PRODUCTI ON OF HYBRI DOVAS - FUSI ON 10 The m ce were sacrificed

by CJ err] asphyxiation and a spl enectony perforned i medi ately. The

spl een cells fromthe inmunized mce were fused with the.fusagent

pol yethyl ene gl ycol 4000 (3000-3700). The gells wer e i ncubat ed i n HAT
selection nedia in T flasks for 1 15 week? “After this time the cells were
pl ated out into 5 X 96 well

plates fromwhich 93 wells showed growth
O these, 19 wells were positive for the fibrin antigen. One of these

cl ones, F492D8 (|§1 o §naned IVH1) , produced anti body which recogni zed
the fibrin 20 a d r f e

particul ar cl one%ﬁﬁgt\%atu% {"ag ﬁ Fféa%i‘@no%f EQE_FQQQ f'ibr }pl ution
with the tertiar yfmm)mwmah&yeut 115%1’4?»@% °atsePh@€PFep§ﬁIv%‘P unmnce t he
cell line was stabilized it was weaned onto a serumfree nediumthe

25
5
ceII l'ine produceﬁia@géQQdy at the level of
~ Measurement of soluble DesAABB fibrin polymers in the

blood of patients with chest pain and confirmed
nyocardial infarction.

10

4. ED_DES ON OF E _INV ON
4.1. THE GERMFREE ANIMAL :
The subject invention relates to the use of a

gernfree animal for the production of monoclonal

'35 antibodies. Germfree animals were first developed in

the latter part of the 19th century and have been
utilized extensively since such time.

A germfree animal is a gnotobiote that is free
from all demonstrable associated forms of life,

20 including bacteria, viruses, fungi, protozoa, and
other saprophytic or parasitic forms. A ghotobiote is
an animal or strain derived by aseptic cesarean
section or sterile hatching of eggs that is reared and
continuously maintained with germfree techniques under

25 isolator conditions and in which the composition of
any associated fauna and flora, if present, is fully
defined by accepted current methodology. (It should
‘be noted that all mice carry a latent leukemogenic
virus and, therefore, a mouse that would be germfree

30 but for such leukemogenic virus shall be considered a
germfree animal for the purpose of the subject
invention.)

The essence of a germfree system is the provision
of barriers against the entry of unwanted microbial

as invaders. 1In addition to the physical barriers of
plastic, metal, rubber and glass which enclose the

This is the replacement shost
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approximately 7.5 ng/liter. 5.4.4.

PURI FI CATI ON OF MONOCLONAL
ANTI BODY Before purification (4 Liter batches of) tissues 30
culture supernatants were centrifuged to renove

_ € _ cel lular debris and
filtered through a 0.8m croM nyl on menbrane to renove any resi dual
particul ate materi al

The hybri doma supernatant was concentrated at
4[err]€ to a vol unme of 5007l using a spiral

wound ultrafiltration 35
system enpl oying a YM type nenbrane (Am con) wth nmol ecul ar wei ght
cut of 30,000. Buffer exchange to -6 -

animals, the system requires the operational barriers
of air filtration, food and water sterilization,

manipulation by gloves, which form an integral part of

g the barrier system. Also, the entry of supplies to

the isolator should be performed under sterile
conditions.

It is believed that any germfree animal can be

utilized in the subject invention. The most common

30 germfree animals are mouse, pig, rat, rabbit, guinea
pig, goat, sheep, primate and poultry with a mouse
being preferred, especially a Balb/C mouse. ‘

4.2. PRODUCTION, CARE AND MAINTENANCE
15 OF G EE MALS

There have been numerous publications concerning
the production, care and maintenance of germfree
animals. For example, Wostmann, B.S., Ed.,
Gnotobiotes: Standards and Guidelines for the

zo' Breeding, Care and Management of Laboratory Animals,
National Research Council, National Academy of
Sciences, Washington, D.C. 1970; Coates, M.E., et al.,
The Germfree Animal in Reseadarch, Academic Press,
London, 1968; and Pleasants, J.R., Gnotobiotics, in .

25 Handbook of Laboratory Animal Science, Voll, 1, Melby,
E.C., et al., Eds., CRC Press, Boca Raton, Fla., 117,
(1974) the disclosure of which is incorporated herein
by reference.

What follows is a summary derived from the

30 article Wostmann, B.S. ed., (1970) Gnotobiotes

- Standards and Guidelines for the Breeding, Care and
Management of Laboratory Animals, National Research
Council, National Academy of Sciences, Washington,

D.C. describing the production, care and maintenance

35 of germfree rats and mice. It should be noted that

such production, care and maintenance is similar for
other animals.

i e b
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- 51 - 20mMM 2( N- nor phol i ne) et hane sul phonic acid (MES),
(Buffer A was acconplished by diafiltration according to the

manuf acturers instructions. After further 5 concentration to a final volune
of 100 m, the anti body solution was filtered through a 0.451 m cron
nyl on menbrane before further purification. The concentrated anti body

solutjion was purified by liquid chromat ography on a Waters HPLC
chromat ograph using a 10 7.75mm x 10cm ABx col um (J.T. Baker

Phi | I'i psburg, NJ). The colum was _equilibrated with buffer A and
the sanple (100m ) was applied at a flow rate of 1.0/ mn. After

extensi ve washing with buffer A the anti body was eluted fromthe colum
with a gradient 15 frombuffer Ato 100% buffer B (1 M sodi um acetate pH7)

at 1 m/mn. Fractions (2m) wer RoOH ENVIRONMENT t hose cont ai ni ng MAb
(as determ ned by By

buffer saline PBS é@adﬁrﬁﬁggl EQui phg‘m‘fJlI %dnggg: EStcEIhngggte
pH7.4) 20 and ‘s’?‘a‘%‘%‘b“%ﬁ ﬁﬁﬁ g}g%% r%?‘&%g&sf’nﬁ?

The
ABx col um gasatﬁgg@mmnbpmgntel eontrpl and optimal
comfort and welfare for the animals. The cages,

feeders and waterers shall be so desighed and
fabricated as to afford maximum comfort for the
animals, to make the food and water readily available,

10 and to make cleaning and sterilization practicable and
efficient.

pH6

A desirable floor plan for extensive germfree
work should consist of:

1. a work area for assembling and sterilizing
- 45 the isolators,

2. an area for maintaining the isolators with
animals, and

3. a laboratory area for the routine monitoring
of the gnotobiotic environment.

An office and diet-preparation area may be
incorporated in the floor plan.

20

The room environment for waintaining gnotobiotic
isolators should meet the standards established for
housing conventional laboratory rodents. The

25 structure should be insect-proof, and the walls and
floor should be moisture-proof. Lighting should be
uniform, with the same light-dark cycle throughout. the
year. Ventilation should rapidly remove any fumes
caused by chemical sterilization, and the climate

3¢9 should be controlled as specified below.

Temperature. The generally accepted animal room
temperature of 21°-27°C(70°-80°F) may need to be
adjusted downward to keep the isolator temperature
between 22° and 26°C (72° and 78°F).

a5 Humidity. The relative humidity (RH) should be
kept at the human comfort level of 40-60 percent.

This is the replacement sheet
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with 100% buffer B, followed by re-equilibration with 15 col um
vol unes of buffer A

25 5.5. DETERM NATI ON OF FIBRIN SPECI FI CI TY
Initial determ nation of fibrin specificity was achi eved by screening
hybridoma supernatants separately on fibrin and fibrinogen coated
mcrotiter plates. Only those cell lines producing antibody that 30
did not crossreact with fibrinogen were accepted Furt her
confirmation of fibrin specificity was determned utilizing a
conpetition assay with

fibrinogen én sol ution, thereby confirm ng
that the anti body does not recognize flbrlnogen i n solution. 35
The conpetition assay enployed to ascertain the fibrin specificity of
the antibody was perforned as

This is the repoueteR)t whtRefoom air is used to ventilate the
jsolator, 40-50 percent RH is recommended.

Ventilation. The room-air changes should be

s sufficient to remove rapidly any fumes generated
during chemical sterilization. Ten to fifteen air
changes per hour are recommended. Head masks with
fresh-air ventilation should be available to protect
personnel exposed to dangerous levels of chemical

10 funes.

GERMFREE EQUIPMENT (See Sacquiet, E. 1968,
'Equipment design and management: General technique of
maintaining germ-free animals, p. 1-22 In M.E. Coates
{ed]. the germfree animal in research. Acadenmic

15 Press, London; Trexler, P.C. 1968. Equipment design

and management: Tranéport of germ-free animals and

current developnents in equipment design, p. 23-35 In

M.E. Coates [ed]. The germfree animal in research.
Academic Press, London)

20 Complete exclusion of environmental microbes
' requires an absolute barrier. The successful
operation of the isolator depends on the maintenance
of that barrier at all times. There are two general
types of isolators available, metal and plastic. Some
2s

metal units are built to withstand internal steam
pressure of 20 psi (1,406g/cm’). (See Reyniers, J.A.
1959. Design and operation of apparatus for rearing
germ-free animals. Ann. N.¥. Acad. Sci. 78:47;

Miyakawa, M. 1959. The Miyakawa remote—-control
30 germfree rearing unit. Ann. N.Y. Acad. Sci. 78:37)

Others are generally placed in a large autoclave for
initial sterilization (See Gustafsson, B.E. 1959.

Lightweight stainless steel systenms for rearing germ-
free animals. Ann. N.Y. Acad. Sci. 78:17.)

The flexible-film isolator (See Trexler, P.C.,
~and L.I. Reynolds. 1957. Flexible film apparatus for

35

This is the replacement shast

ot g
Date: '



- 52 - described for the ELI SA assay herei nabove with
prei ncubation of the antibody with fibrinogen in solution. Briefly,

hybri doma supernatant was 5 incubated at 37[err]C for 30 minutes with
sol utions of fibrinogen at physi ol ogi cal

concentrations (4nmg/m)
containing BSA (10nmg/m ) to prevent non specific

bi ndi ng of antibody to
fibrinogen. The fibrinogen/anti body solution was then transferred to 10
wells of a mcrotiter plate which had been coated with fibrin
G yProArgPro (GPRP) was added to the

_ ofibrinogen inhibitor to prevent
possi bl e pol ymeri zati on of fibrinogéh'by residual thronbin in

the rearing and use of germfree animals. Appl.
Microbiol. 5:406). is now the most widely used unit.

It is usually made of flexible laminated vinyl, must

s be chemically sterilized, and is readily adapted to

specific needs. Another type, made from a large tube

of nylon, tied at each end, can be sterilized in an

autoclave. (See Lev, M. 1962. An autoclavable plaétic

unit for rearing animals under germfree conditions. J.
30 Appl. Bacteriol 25:30). Plexiglass isolators and

disposable flexible-film units also have been

developed. Many of these are light enough to be

stacked two or three high on a rack, a feature that
conserves floor space.

15 A-special cylinder for sterilizing food and

supplies is generally used with the heat-sensitive
isolators. It should be designed with a large
filtration area to facilitate air removal in a high-
vacuum autoclave (See Trexler, P.C. 1963. An isolator
system for control of contamination. Lab. Anim. Care.
13:572) . Alternatively, the cylinder may be fitted
with a drain tube vented to the atmosphere for removal
of air and gondensation during sterilization without
the benefit of a vacuum. (See Jaworski, N.E., and C.E.

Miller. 1963. Refinement of the cylinder technique for

supplying germfree isolators. Lab. Anim. Care.
13:591).

20

25

STERILIZATION

30 All equipment, food, bedding, water, and air used

in the isolator must be absolutely sterile. The
methods and conditions employed are determined by
characteristics of the individual items.

Steam under pressure is the best-known method of
a5 sterilization. It is particularly suitable for porous
items that are heat-stable. Every area that can

Tl T by mawi . e
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the fibrin wells. The assay is then perforned as a 15 conventi onal
assay for antibody bound to an I mmobi | i zed antigen. In al

to test the fibrin specificity of the MH antibody a second
anti body 45J was used as a control.

ELI SA
experinments

45J crossreacts with fibrin and
fibrimogen. 20 5.5.1. DETERM NATI ON OF CROSSREACTI VI TY
W TH FI.BRI NOGEN 5.5.1.1. I MMOBILIZED FIBRIN AND FI BRI NOGEN
The cell line MH produces a murine nonoclonal 25 antibody which
crossreacts with fibrin when it is %ﬂDbI|IZEd on the surface of a PVC
m crotiter assay plate (table 5). I& the sane assay the anti body does
not recogni ze fibrinogen imobilized on the plate. As the data on
tabl e 5 indicate,

there is a dramatic i ncrease in inmunoreactivity
once fibrinogendoncei@able hapBEniiedbes’ mhstnbdybidughtbismto ndi cating
clearly

th s f f t fibrin
nol ecul e. The c(;eari"t‘i"’)r‘%‘i))zl(E g ?tg&é Qi%fé%ﬁp %xBSQ&Pé %gﬁ% trzf(}?o n| Zes an
epi tope which i st%(ﬁ%meﬁﬁéﬁre used brlitn Fngm’E he prin,

s least accessible portion of the load (the center of

the packages) be exposed for a minimum period of 1§

ninutes at 121°C (250°F). Higher temperatures and

shorter exposure periods may be used after careful
testing to ensure sterility. Standard package size

30 and density of diet, bedding, and other materials are
of primary importance to assure that the steam
penetration time will be constant and predictable.

Dry heat has been used for sterilization of the

air supply for the isolator (See Miyakawa, M. 1959.

15 The Miyakawa remote-control germfree rearing unit.
Ann. N.¥Y. Acad. Sci. 78:37; Gustafsson, B.E. 1959.
Lightweight stainless'steel systems for rearing germ-
free animals. Ann. N.Y. Acad. Sci. 78:17) .

Peracetic acid (CH;COO0H) is widely used on heat-
sensitive, non-porous materials, especially the
flexible~film units. This acid is used in a 2 percent
solution with a wetting agent (detergent) (See
Trexler, P.C., and L.I. Reynolds. 1957. Flexible film
apparatus for the rearing and use of gérmfree animals.
25 Appl. Microbiol. $:406). Other chemicale can be used

for special situations, e.g., hypochlorites,

iodophors, or quarternary ammonium compounds in the
liquid trap to introduce newborns obtained by

hysterectomy, or HgCl, to introduce eggs under sterile
ap conditions prior to hatching. .

20

Ethylene oxide (ETO) may be used to sterilize
nonwettable heat-sensitive items. Sterilization time
is dependent on the temperature, humidity, pressure,
and concentration of ETO. ETO may react chemically
with bedding and dietary components to produce toxic
or undesirable compounds. Because of its flammability

a5
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- 53 -

prei ncubat ed

5.5.1.2. COWPETI TI ON ASSAY W TH FI BRIN AND FI BRI NOGEN
The fibrin specificity of the antibody, Ml

anti body, was further

denonstrated in a conpetition 5 assay in which hybridoma supernatant was

with a fibrinogen solution (final

concentration of 4
ng/mt) prior to an ELISA on fibrin coated wells.

of fibrinogen was used in this

anti body

10

is5

30

35

Si nce such a high
conpetition assay (x500 that of the

- 11 -

and toxic hazards, routine use of ETO for

sterilization should be restricted to the commercially
available gas mixtures, which contain not more than 20
percent ETO.

Fiberglass filters are commonly used for

sterilization of the air supply. They should function
as absolute filters.

Membrane f£iltration of liquids can be used to
avoid exposure to heat, provided these membranes are
absolute filters, for example, a filter that excludes
particles greater than 0.22 micrometers in diameter.

Irradiation by gamma rays or electron-beam
sources may be used to sterilize diets or other
special items.

Dosages employed vary from 2.5 to 6 X
10¢ rads.

INTERNAYT, ENVIRONMENT

Temperature. The internal isolator temperature

is a function of the room environment and should be
maintained between 22° and 26°C (72° - 78°F).

Hnmidity. The isolator is subject to

condensation of moisture in cases of overloading,
inadequate ventilation, or both. Air entering the
isolator should be below $0 percent RH and preferably
above 40 percent RH.

Air Supply. The isolator should have 12 to 20

air changes per hour and a positive pressure of 3-5

in: (8-13 cm) of water. Air may be supplied from a

central source or from individual blowers for each
unit. A turbine-type air compressor is recommended

for a central air supply system because the oil piston
type tends to atomize oil into the air-supply lines.

An air diffusion isolator (See Trexler, P.C.

1968. Equipment design and management: Transport of
germ~free animals and current developments in

| evel
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10 concentration) BSA (10 ng/m fi nal

concentration) was added to the
m xture. The peptide GPRP was added to prevent fibrin polynerization by
resi dual thronbin on the fibrin coated wells. The results of this assay
i ndicate that the WMH anti body does not

recogni ze 15 fibrinogen in solution
(Tabl e 6). Assum ng 400 ng. of fibrin binds to each well of

the mcrotiter assay plate, then the fibrinogen |evel used in this

particul ar conpetition assay represents a 1,000 fold excess over the
bound fibrin antigen. In 20 addition it

represents a 400 fold excess of the
anti body level in the tissue supernatai'ntl.z -

TABLE 5 Crossreactivity of IWHL Antibody with 25

Fi bri nogen and Fibrin Antigen MAb

m n.

L o Alerr]/30
equipnent design, plPbi3ims 1In M.E. coatEsbfédpgeihe

germfree animal in research. Academic Press, London)

is not subject to loss of ventilation in the event of

g power failure. However, this type has the
disadvantage of fewer air changes per hour and lacks
the protective positive pressure that could help
prevent contamination should small breaks occur in the
barrier.

10 Emergency Safeguards. Adequate provisions for

the maintenance of air pressure within the isolator in
the event of power failure or mechanical fajilure must
be provided with not more than a few minutes®
interruption in the air éupply. Collapse of
unsupported film isolators may eventually result in
suffocation of the animals, but the more immediate
danger is that the animals may be able to reach and
damage film or gloves. This may be prevented
temporarily by plugging air conduits with rubber
20 stoppers. The operation of individual isolator air
supplies requires only an emergency power supply.
central air system should have a second turbine
compressor for standby air supply.

.Graphic recording of the temperature and pressure
25 is recommended.

is

A

An audiovisual alarm system should be
incorporated in a central air system to be actuated by
a drop in line pressure in the event of either loss of
power or mechanical failure. Similar alarm systems
should indicate undesirable fluctuations in the

3g temperature of the air supply. For individual

isolator ajir systems, continuous graphic monitoring of
the room environment is recommended.

CAGING AND INTERTOR EQUIPMENT

35 Eqﬁipment. A basic list of equipment for an

isolator may include cages with secure.lids, wvater




30 MHL
1. 65
TABLE 6

. 90 . 025 45]
1.50

Crossreactivity of MHL Antibody with Fibrin

in the Presence of Fibrinogen

10

15

20

- 13 -

bottles and food hoppers, protective cloth gloves for
the rubber gloves, an extra door gasket or cap closing
ring, long rubber-tipped forceps, hemostats, scissors,

. a towel, gauze sponges, a two-quart can for holding

instruments, a covered four-quart diet can, spoon,

culture tubes, paper bags, and moisture-resistant bags
for dirty bedding.

Cages should be fabricated of a smooth corrosion-
resistant material. They should be impervious to
liguids and easily sterilized. Materials considered

acceptable include plastics, stainless steel, and

glass. Galvanized metal becomes corroded and is not

recommended because trace-metal contamination may
influence experimental results.

Cage dimensions are usually limited by the size

of the entry port. The minimum area for a female

mouse and litter is 50 in.? (970cm’). In many

circumstances more space per animal may be needed.
Table 1 lists the recommended floor space per

animal for mice and rats according to weight
groupings.

fy: 00 JAN 1997



5 MAb

Alerr]/30 mn.
-fibrinogen 10 MVHL 1.24 1.27 45]
0.438 . 1.74 5.5. 2. DETERM NATI ON OF
CROSSREACTI VI TY - WTH FI BRI N(OGEN) DEGRADATI ON PRCDUCTS
15 ) Fi bri nogen degradati on products (FDPs) were

prepared by
I ncubat.ing fibrinogen with plasmn at 37[err]C for time periods ranging

from10 m nutes to 3 hours. At the desired tine fibrinogenolysis was
st opped by the addition of Trasyl ol

{;oo Kallikrein inhibitor 20
units/nmL) and 20 nmM epsil on am no caproic acid (EACA).

Crosslinked fibrin degradation products (XLFDPs) were prepared by the
addition of thrombin (4N H) units/nmL) to a fibrinogen solution (5

mg/ mL) in Tris gaBLE huf f eimetintabE NP1¢diBSpand Retomhenddll Tpes Aidall50 niV
for Caged Mice and Rat

Maximum
5 catego

ry Space per animal Population
Number Weight(g) in.? (cm?) Per Cage
MICE .
1 up to 10 - 6 ( 40) 40
2 10 - 16 8 ( 50) 30
10 3 15 - 25 12 ( 75) 20
4 over 25 15 ( 95) 16
RATS
1 _up to 50 1s ( 95) 50
2 50-100 17 (110) 50
3 100-150 19 (12%) 40
4 150-200 23 (150) 40
5 s 200-300 29 (185) 30
6 over 300 40 (260) 25
I oU CO DATIONS

Freon tests for minute leaks are recommended to
20 ensure the integrity of the barrier- system.

Each unit should be equipped with its own
operation log to maintain a chronological record of
every procedure involving the unit from the time it is
assembled and sterilized. Such records are
conveﬁiently kept in metal hospital-chart holders
identified by the isolator number. They should also
contain notes for routine maintenance, e.g., glove

replacement. Breeding-performance records may be kept
in the same chart holder.

25

30 Due to the limited space available inside the

isolators, paper and folding containers are
recommended for diets and bedding, and for the

transport of animals between isolators linked by a
sterile passage.

3s No ether should be used inside an isolator

because it may explode when static sparks occur.
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25 NaC) containing 10 nM CaCl[err], plasm nogen (0.25 ng/ni) and

uroki nase (50 U ). The m xture was incubated at 37[err]C and the
pl asm n digestion term nated at

different tinme intervals as descri bed
her ei n- above for t he FDPs. 30

To determ ne crossreactivity of
the anti body with fibrin degradation products and fibrinogen
degr adati on

products the appropriate degradation products were
coated onto microtiter plates and ELI SAs were per formed by

conventional nethods. As the results Ln 35 Table 7 indicate, the IVHL
anti body does not crossreact

mnth any plasn1n generated fibrinogen
degr adati on '

Fluothane (bromochlorotrifluoroethane) is recommended
as a volatile, nonflammable anesthetic.

5 : DDING A

G CO ONS
The complete formula for commercially produced

diets should be provided, listing all the ingredients
and their concentrations, including preservatives,

10 antioxidants, and other additions. The date of
production should be clearly indicated. The
manufacturer should guarantee that the diet is:

1. Within the normal acceptable limits of
naturally occurring hormone activity.

15 2. Free of additives containing drugs, hormones,

antibiotics, or any other substance that may create
abnormal physiological conditions or interfere with
investigative procedures.

3. TFree of salmonella on the basis of
20 statistically selected samples.
4. Free of rodent and vermin contamination.

5. Free of all unrendered meat scraps or.fish
meal that may contain pathogens.

25 EORTIFICATION OF DIYETS

Diets of germfree animals must contain more than
normal requirements of certain nutrients to compensate
for the heat-sterilization loss of vitamins
(especially certain B witamins and vitamins A and D)
and of the nutritive value of protein (reduction in

available lysine, methionine, arginine and
tryptophan) .

They must also provide required
nutrients, which in conventional animals wquld be
available through microbial synthesis in the

35 9gastrointestinal tract (See Reddy, B.S., B.S.

Wostmann, and J.R. Pleasants. 1968 Nutritionally
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- 55 - products. As table 8 indicates, the anti body does not react
with XL-fibrin degradation products. This observation al so was nmade when
the anti body was tested 5 for crossreactivity by Western blotting anal ysis.
The concl usion can be drawn that the anti body recogni zes an epitope of

the intact fibrin nolecule which is not present or exposed on the
surface of the precursor nol ecule, fibrinogen. The epitope is 10
apparently destroyed by plasm n digestion of crosslinked fibrin as the
data in table 8 suggest. Accordi&%%y, the MVHL antibody is a
fibrin- speci fi c nonocl onal antibody” ¢h can be defined as

fol | ows: For the purpose of the subject invention a
fibrin-specific nonoclonal antibody is a nonocl onal anti body that:

Fibrin and 1 br PREGUR LA, Bhesel 2080 e B 20 il b, #7332 Fohtd'ona
anti body has | e Coates [edlhathsh@ermrfxee dninad dragigsaareh.t han about
Academic Press, London). An example of such a diet is
s L-485, an inexpensive diet that has been extensively
tested (See Kellogg, T.F., and B.S. Wostmann. 1969.
Rat and mouse stock diet L-485. Lab. Anim. Care.) and
can be commercially produced (see Table 2).
Supplementation with specific amino acids rather than
310 increased total protein content should be considered
as a means to compensate for loss in protein quality.
Increasing the total protein content of the diet will
result in a greater consumption and excretion of .
water, causing humid conditions and thereby limiting
15 the number of animals that can be housed in an
isolator of a given size.

- . Bl v ar e R ! Ta [
Tivg g o renigoaraan aoge!
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10% crossreactivity with fibrinogen when
In a quantity of a 1,000

2. in an assay to nmeasure crossreactivity with
fibrim and fibrin degradation pr oduct s,

her ei nabove, the reactivity of the nonocl ona
fibrin that has been digested with plasmn for 30

is | ess than about 50% and
the reactivity

zero, and 3.

fibrinogen and fibrinogen degradation products,
her ei nabove, the reactivity of the

~fibrinogen is utilized
fold excess as conpared to fibrin,

25
crosslinked

as descri bed
anti body with the

about three hours

preferably | ess than about 40% of
of the nonoclogal _antibody with fibrin at time
In an assay to nmeasure crossreactivity with

35
as descri bed

TABLE 2
composition of Diet L-485 for Rats and Mice
5 Ingredient Amount per kg
DIET
Ground yellow corn (maize) §90 g
Soybean 0il meal (crude protein 50 percent) 300
Alfalfa meal (dehydrated; 7 percent protein) 35
30 Corn oil (once refined) 30
NaCl 10
CaHPO, 2H,0 10
CacCo, ' 5
Lysine (feed grade) 5
Methionine (feed grade) s
B.H.T. (butylated hydroxytoluene) 0.125
15 Trace mineral mix 0.25
VITAMIN MIX
A 26,000 IU
D, 1,000 IU
E(a tocopherol acetate) 225 ng
K; (menadione) 90 -
Riboflavin 30
20 Pantothenic acid 285
Niacin 65
Choline chloride 2,000
B;; (0.1 percent trituration in mannitol) 2
Thiamine HC1. 65
Pyridoxine HC1 20
Folic acia 10
25 Para-aminobenzoic acid $0.
TRACE MINERAL MIX (commercial
MN as manganous oxide - 65 ng
Fe as ferrous carbonate 20
Cu as copper oxides 2
Zn as zinc oxide 15
I a&s calcium iodate 1.5
30 Co as cobalt carbonate 0.6
Steam sterilization (See Reddy, B.S., B.S.
Wostmann, and J.R. Pleasants. 1968 Nutritionally
" adeguate diets for germ—-free animals, p. 87-111 In M.
, E. Coates [ed]. the germ-free animal in research.
3s

Academic Press, London)
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- 56 - nonocl onal antibody with fibrinogen that has been
digested with plasm n for about four hours is no greater than the

reactivity of the nonoclonal 5 anti body with fibrinogen at tinme zero.
The MH1 anti body has been further characterized by determning its

affinity for fibrin. The affinity was determ ned by Scatchard anal ysis

(Frankel et al., Mol ecul ar | nmunol ogy, 16, 101-106(1979)) using 1251- 10

| abel | ed WH1L anti body. The val ue obtained for the di ssoci ati on const ant
KD was 6.7 x 10[err]. Such

affinity 4§ about 5,000 tines that of the
affinity of t-PA for fibrin.

It has al so been determ ned by
Western 15

| mmunobl otting anal ysis that the MHL anti body does not
crossreact with the Alerr], Blerr]

or ganna chai ns of fibrinogen. Also,
it has been det er ni rketund tirecedmres wihktdepenst amniheseguipmenthe MVHL
anti body does ng{ajilable. Three factors are of general importance:

1.

A pre-sterilization vacuum, whenever

5 possible, of at least 20 in. Hg will assist steam
penetration of the diet in a clave or cylinder vented
to the atmosphere. A vacuum of 28 in. Hg or more is

recommended when the supply.cylinder is not vented to
the atmosphere.

10 2. Use of the shortest sterilization phase that

will ensure total sterility, with an added safety
margin dictated by equipment and skill. Temperatures

measured at the inner core of the diet should reach at

least 121°C (250°F). At that temperature the actual

15 sterilization phasg should last a minimum of 15
minutes. With higher sterilization temperatures,

sterilization times will be relatively shorter.

3. A post-sterilization vacuum will speed the

reduction of temperature of the diet. This will avoid
20 unnecessary heat déstruction of nutrients. However,
the design and performance of the apparatus must be

adequate to avoid leaks during this stage of the
operation. '

In steam sterilization of diets, the goal is to
25 avoid both incomplete sterilization and unnecessary
nutritional damage caused by excessively ﬁrolonged
heating. Although some nutrient loss is unavoidable,

quite acceptable results may be obtained by
manipulation of:

30 (a) Technical procedures such as temperature,

time pre~sterilization and post-sterilization vacuum,
and pellet size.

(b) The water content of the diet. An increase
in water content leads to better recovery of B

3s Vvitamins after sterilization (See Zimmerman, D.R., and
B.S5. Wostmann. 1963. Vitamin stability in diets

Thmistheremacementsheet
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crossreact with thronbin treated Alerr] or Blerr] chains of 20
(Thronmbin treatnment of fibrinogen results In the rel ease of

fibrinogen.
fibrinopeptide A and fibrinopeptide B fromthe Alerr] chain and B[err]

chain, respectively, therefore formng the a chain and [err] chain of
fibrin.) - 57
TABLE 7

Cfossreactivity of MH1L Anti body

- 19 -

sterilized for germfree animals. J. Nutr. 79:318).
For solid diets, a water content up to 25 percent, or
as high as proves to be compatible with the storage

s quality of the diet, is recommended. A change in
water content of the diet should be followed by a new

test of the rate at which the diet reaches sterilizing
temperature.

RADIATION STERILIZATION (See Reddy, B.S., B.S.

10 Wostmann, and J.R. Pleasants. 1968. Nutritionally
‘adequate diets for germ-free animals, p. 87-111 -In
M.E. Coates [ed]. The germ-free animal in research.
Academic Press, London; Ley, F.J., J.Bleby, M.E.
Coates, and J.S. Paterson. 1969. Sterilization of

is

laboratory animal diets using gamma radiation. Lab.
Anim. 3:221)

Teqhniques and dosimetry will depend on equipment
and type of radiation. Aalthough, in general,

radiation sterilization is considered to result in
20 less destruction of nutrients, it is at present

recommended that diets be sterilized with steam.
ZIEST _FOR STERILITY

To monitor sterility achieved with any specific

sterilization procedure, the use of Bacillus
stearothermophilus spore strips is recommended. The
strips should be embedded in the core of the diet.
Also, the isolator and its animals should be
periodically microbiologically wmonitored. Such
monitoring is necessary to test for accidental
contaminations resulting from breaks in the isolator
barriers or from inadequate sterilization of the
isolator or its contents. This can be accomplished as
described in Wostmann, B.S., Ed., Gnotobiotes:
Standards and Guidelines for the Breeding Care and
Management of Laboratory Animals, National Research

25

30
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wi th Fibrinogen Degradation Products 5

(m ns)
VHL
1.037
0.11 -
0.410 15
0. 09

10

is

20

25

35

Plasm n Digestion Tine
Alerr]/30mn '

45J 10 0 0.15
10 0.10 nm 20
1.02 40 0.11
60 0.10 0. 330 240
0. 300 20
- 20 -

council, National Academy of Sciernces, Washingtoﬁ,
D.c.' 1970, ppo 28-39,

S ON_O G ON

As a useful check on the loss of vital nutrients,
determination of acid-extractable thiamine as an

indicator of the recovery of thiamine added to the
diet is recommended (See Wostmann, B.S. and P.L.
Knight. 1960. The effect of methyl alcohol on the
conversion of thiamine to thiochrome. Experientia
16:500). A recovery.of less than 25 percent indicates
severe impairment of general nutritional quality of
the diet. With adequate equipment and care,
recoveries of 50 percent or more should be achieved.

STORAGE OF SOLID DIET

Because of the generally high cost of germfree
experimentation, extra care should be taken never to

use diet that has decreased significantly in

nutritional value. It is recommended that (a)

nonsterilized diet always be stored under
refrigeration, and never for longer than one month,
and that (b) storage time of sterilized diet inside
the isolator should be one week or less and must never

exceed ten days.

BEDDING

Bedding should be changed at least once a week.
It is recommended that bedding material be easy to
sterilize and not readily eaten by the animals. It
should not yield toxic compounds as & result of the
sterilization procedure. Dustfree white pine chips

(sawdust) and shavings are recommended. Basswood and

poplar shavings.or crushed corn cobs are acceptable.
Diatomaceous products, cedar, resinous woods, and

C . . .
Tinien to oh o wemmbm s s £ oo e e d
PG 0 NG PeRagoemant aant
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TABLE 8 Crossreactivity of VHL Anti body
with Fibrin Degradation Products

Plasm n Digestion Tine 25
(hours) Alerr]/30 mn
MHL 457 0 0. 890 1.40
30 - 3 0. 354 1.0 5
0. 310 . 0.77

In addition, as the results in Table 7
i ndicate, the control antibody, 45J anti body,

binds to fibrinogen and
35 does not crossreact wth fibrinogen gggadation product s.
Accordi ngly, such a nonoclonal antibody i's a fibrinogen- specific
nonocl onal anti body and represents another aspect .

hardwoods are not recommended. Ethylene oxide

sterilization should not be used until the question of

possible formation of harnful compounds has been
5 clarified.

WATER

Drinking water must be, sterilized. It may be

autoclaved in square pack flasks, Mason jars, or tanks
10 attached to the unit. A small air space should be
left inside each container.

PRINCIPLES OF CESAREAN DERIVATION OF GNOTOBIOTES
The success of any cesarean operation is keyed in
to having the pregnancy advance to full term.
This is particularly true of animals with short
gestation periods, where the fetus may gain 20 percent

of its weight in the final 24 hours before
parturition.

15 Ppart

Timed matings are reasonably successful,
but with animals yielding large litters (rats and

mice) it may be helpful to wait for the female to
deliver the first offspring before proceeding with the
operation. In guinea pigs, the most satisfactory
method is to select females for surgery by measuring
the spread of the pubic bones (See Philips, B.P., P.A.
Wolfe, and H.A. Gordon. 1959. Studies on rearing the -
guinea pig germfree. Ann. N.Y. Acad. Sci. 78:183).

20

The cesarean-derived young must be delivered into

a gernfree environment.before they take their first
3¢9 breath of air. They may be taken directly from the

mother by hysterotomy, through an incised sterile
barrier membrane into a sterile isolator, or by
hysterectomy, thrbugh a germicidal trap into a sterile
isolator. The usual surgical preparation of the
female prior to the cesarean operation includes
removal of abdominal hair and cleaning and



of the subject invention. The fibrinogen-specific nonocl onal anti body
can be utilized in any i mmunoassay that can be utilized to determ ne
pl asma fibrinogen levels 5 in vitro.

The 45J anti body has been further
characterized in that it has been determ ned that the 45J epitope is on
the [err] chain of fibrinogen in the region from about am no acid 206 to
about .424 and nost likely in the region from

- 22 -

disinfection of the operative site. Anesthesia is
accomplished preferentially by dislocation of the
cervical vertebrae in rats and mice, although an
g abdominal midline local anesthetic or general
anesthesia may also be used without incurring serious
levels of fetal depression and mortality. With guinea
pigs, surgery is generally performed after prior
sedation and under local anesthesia.
10 Delivery of the young by hysterotomy through a
barrier membrane requires special isolator equipment.
The Reyniers stainless-steel surgical unit (See
Reyniers, -J.A. 1965. Germfree life methodology
(gnotobiotics) and experimental nutrition. p. 458-466
In Proc. 3rd Internat. Congr. Biochem., Bruxelles) has
a built-in horizontal metal divider that separates the
upper and lower compartments of the unit. The divider

. contains a circular port covered with a mylar plastic

£ilm to maintain the integrity of the upper
20 compartment.

15

The female, prepared for surgery, is
piaced in the lower cowpartment with the abdomen
pressed against the mylar. All surgical instruments
are in the upper compartment, and the surgery is
performed in this sterile area. An incision is made
through the plastic and skin with an electrocautery or

scalpel. .The self-sterilizing electrocautery blade is
preferred for skin incision. The edges of the skin
and mylar are clamped together and reflected. A
sterile drape is placed over the abdomen to-cover the
cut edges of the skin, and warm disinfectant
(benzalkonium chloride 1:1,000) is applied to the
exposed fascia before opening the abdominal cavity.

Extreme caution must be exercised to avoid cutting
into the howel.

25

30

The insertion of a pair of forceps or
hemostats between the peritoneal wall and the viscera
may be helpful. The uterus is then opened and the

35
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about am no acid 207 to about 231. For the purpose of the 10 subject

I nvention, a fibrinogen-specific nonocl onal anti body is an anti body
that in an assay to neasure crossreactivity with fibrinogen and
fibrinogen degradation products, as described herei nabove, the

reactivity of the nonocl onal antibody with fibrinogen that has been
digested 15 with plasmn for about 40 minutes is |ess than about 50%

the reactivity of the nonocl onal antibody with fibrinogen at time zero.
The 45J hybri doma was made by conventional techniques utilizing a

conventional Bal b/c nmouse wherein the-nduse 20 was imunized with fibrin
However, fibrinogen also can be utilized as the anti gen.
5.5. 3. DETERM NATI ON OF CROSS REACTI VI TY W TH

NONCROSSL | HKE A CRg§S FI N CLOTS

It has been d é %ﬁ;’% ?Qg EEPgAf?ﬁ mbra&@!b % alﬁb sreacts
with not only %‘P@)é@ﬂ‘?ﬂé&#lf cerAn EXEF#}Ped an%lﬁ’ﬂlbdl s@hﬁoﬂE\i’Uisﬁ#mked fibrin
( NONXLFn) . ThegEﬁtfy\dtihd and paskageadtesstivulane respiration.l 96 wel |
mcrotiter ass

Hep! W@ht o a rea k fof HRrinogen
sol ution (58 ?nf %orate . g sal | .ne ?n gEerr
ove?n:ght( “tas er-ngpse e 7§&dr|bkvﬁ5%a§ %Eflﬂy? t P;%rlnogen

be secured over the surgical port and the procedure
repeated with as many as 5 or 6 females without
serious risk of contamination. Cesarean delivery may

10 also be accomplished using a plastic isolator or glove
bag as a surgical unit. The exterior surface of the
isolator floor is presterilized and brought into
contact with the animal's abdomen, thus serving the
same purpose as the mylar sheet described above.

15 Following the opération the slit in the plastic
barrier can be closed with sterile tape and the

surgical procedure repeated on additional gravid
females.

of

Delivery of the young by hysterotomy is more
20

common when plastic isolators are used (See Foster, H.
1959. A procedure for obtaining nucleus stock for a
pathogen-free animal colony. Lab. Anim. Care 9:135).
The uterus is aseptically exposed and clamped just
anterior to the cervix. The excised uterus is

25

transferred into the germfree unit through a liquiad

germicidal trap. Once inside the isolator, the young

are delivered as rapidly as possible to prevent

aspiration of fetal fluids. Normally they are dried

and breathing well befbre the umbilical cord is

ap0 cClamped and cut. The infants are then given to the
foster mother or hand reared. '

Hysterotomy may be used successfully for mice,

rats, and swine. In guinea pigs, however, hysterotomy

is preferred, since a high mortality occurs if as much

35 as two minutes elapses between the severance from the

This is the replacemeant sheet

Daie: < I R I



coated wells by incubation for 1 hour at 37[err]C with a
solution (10NIH units/m)

Tris HCL, 150mM Nad),

- 59 -

10

is

20

25

30

35

in Tris buffered saline

containing 2nM 35 Cadl [err]

t hronbin
(TBS, pH 7.4, 50nM
and 10mM cyst ei ne.

3. Noncrosslinked fibrin was forned in the

- 24 -

maternal blood supply and delivery inside the

isolator.

EEDING SY s GNC

INBRED STRAINS

OTIC COLONIES

The usual brother X sister mating system employed
in conventional breeding colonies can also be used in

gnotobiotic colonies.

(o) RED CKS

True random breeding includes some matings of

siblings and of first cousins.

Although such matings

are normally avoided in noninbred breeding colonies,
the resulting mating system does not decrease the rate

of inbreeding to the maximum extent possible.
system of minimal inbreeding can be used.

Any
(See

Falconer, D.C. 1967. Genetic aspects of breeding
methods. p. 72-96 In The UFAQ handbook on the care and
management of laboratory animals, 3rd ed. E and S
Livingstone, LTd., London; National Research Council,
Institute for Laboratory Animal Resources. 1969. A
guide to genetic standards for laboratory animals.
National Academy of Sciences, Washinton, D.C.).

Comparable Conventional and Gnotobiotic COlogies;
If it is desired to maintain both conventional and

gnotobiotic colonies for comparative purposes, their
similar genetic constitutions may be maintained by

introducing cesarean-derived litters from the
effective breeding population of the conventional

colony into the gnotobiotic colony.

simplify microbioclogical monitoring.

This appears to
be the method of choice for those producers who place

most emphasis on the production of nongnotobiotic rats
and mice but has the disadvantage of preventing the
establishment of a microbiological pedigree that would

Ideally, this

o de M oy da s
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fibrinogen coated wells by incubation for 1 hour at 37[err]C with a
thrombin solution (10 NNH units/m ) in phosphate 5 buffer (pH 6.1)
containing EDTA to a final ‘concentration of 0.0125M 4. The
bound anti body was determ ned by incubation wi th an antinouse al kal i ne

phosphat ase conj ugate. Bound conjugate was determ ned by the addition of
an al kali ne 10 phosphatase substrate and the resultant colorinetric
reaction nmonitored at 405nMin an automatic plate reader.
results of the assay are shown in Table 9 and it can be concl uded t hat
the anti body crossreactivity with craSstinked fibrin is greater than it
Is wth 15 noncrosslinked fibrin. The sinplest explanation being t hat

t he coval ent crosslinking present i

in the crosslinked polyneric
structure serves tfdlock or

bod
recogni zes. In FARB be AoR& rggﬁ%ﬁﬂ f%t%%ll"’ggégcﬁ{ar%t I}i\gn QE ant | body

orna al t hough it
is 20 formed, &s breedingistisick feoy EbeCGQBY%Fﬁ Qﬂﬁiﬂqﬂ}QEV P
pol yrer .

usingt thésnatts A iter deonneachtefl thede tiutingsi hedy
crossreacts wt

Crossreacts i Eﬁ(b%ﬁ?nér&?é&ﬁW@a@dgggﬂgﬁﬂgééieké&ony. GeOkfgef O MEd i N

I,nCcu ?ﬁ a fibrinogen
solution (In Trierqosdape pRr7follovwed every; ggc ESn?ﬁl *@gCaCI [err] (2mV)
and cystei ne (| Gréderation, the genetic constitutions of both colonies

should remain very similar, provided, of course, that
the same mating system is used in each colony.

10 Alternatively, litters from the effective
breeding population of the gnotobiotic colony wmay be
used to establish or replenish the conventional

colony. The genetic consequences will be identical,
provided the same procedures are followed.

The

* RECORD-KEEPING (See Wolff, G.L. 1967. Practical
mating systems and record-keeping in a breeding
colony. p. 97-113 In the UFAW handbook on the care and
management of laboratory animals, 3rd ed. E. and 8

20 Livingstone, Ltd., London).

Proper records should be kept for the animals and
for the maintenance of the isolator. .The animals'
records should determine the efficiency of the
operation and the biological performance of the

25 animals. The isolator records should maintain a

chronology of events related to the isolator to. assist

in locating a breach of the barrier if contamination
occurs.

30 4.3. E GEN~FREE I, .

In a preferred embodiment of the subject’
invention, it is preferred that the germfree animal be
bred on a chemically defined (CD),'low molecular
weight, water-soluble, ultrafiltered diet. It is

a5 believed that such a diet permits one to obtain
complete control of nutrient and antigen intake by the



thrombin (1ONIH units/m) for 3 hours at 37[err]C The non-

crosslined fibrin was formed by incubating a fibrinogen sol ution
(3mg/ M) in phosphate buffer (pH6.1) containing 30 EDTA to a final
concentration of 0.0125Mw th a thronbin solution (10NIH units/m)
for 3-hours at 37[err]C After formation of the clots, they were

washed .and i ncubat ed at 37[err]C with 400ul of a 1% BSA sol ution
~containing [err]lodine- | abel l ed WHL anti body. Small aliquots of
solution were 35 renpoved at different tinme points and the anount of
- 60 -
- 26 -

animal. Such a diet is generally made up entirely of
ingredients that are capable of chemical definition,
e.g., amino acids, simple sugars, lipids, vitamins and
s mnminerals. For the purpose of the subject invention a
chemically defined diet comprises amino acids, simple
sugars, lipids, vitamins and minerals and no other
component having a molecular weight greater than about
10,000 daltons. Thus, all of the components of a CD
10 diet are of low molecular weight and are naturally
circulating nutrients in animals and, therefore, it is
believed that such components will not stimulate an
immune response. The recent literature refers to a
germfree animal that has been bred on a cD diet as an
35 "antigen-free animal". '

Also, it is preferred to utilize a filter paper
bedding, otherwise the germfree animal may eat the
bedding, which results in an immune response. It is
believed that the eating of a filter paper bedding

20 does not result in an immune response.

The particular CD diet for a given species would
use such components in proportions and quantities so
as to fulfill known nutritional requirements for such
species. The composition and preparation of a

25 preferred CD diet for germfree mice is as follows:

This is the replacement sheet

%5 AN
Date: oL AN 00T



anti body uptake was determ ned by counting-the plasma in a gamma counter

Tabl e 10 shows the uptake of antibody by both the noncrosslinked and
crosslinked clots. - 61 -

- 27 -

Composition and preparation of

enic e ed diet 8 e
Ingredient Amount
(grams/100
grams of
Ingredient)
To 192 ml Milli~Q water at 70°c the following are
added:
Leucine _ 1.9
10 Phenylalanine 0.74
Isoleucine 1.08
Methionine 1.06
Tryptophan 0.37
Valine 1.23
Asparagine 0.91
Arginine HCl 0.81
Threonine 0.74
1s Lysine HCl 1.77
Histidine HCl 0.74
The solution is cooled to ‘45°c and the following
added: :
Glycine 0.59
Proline o 1.48
20 Serine 1.33
Alanine 0.59
Sodium glutamate 3.40
L~tyrosine ethyl ester HCl 0.62
Ferrous gluconate 0.05
salts 3sD! 0.105
Sodium Selenite? 0.074
25 solution cooled to S°c and the following added:
Calcium glycerophosphate 5.22
Magnesium glycerophosphate " 1.43
Calcium chloride 2H;0 0.185
Sodium chloride - Potassium Iodide
(KI) mix (containing
680 mg XKI) 0.086
30 Vitamin B mix 111ES® . 0.09
Vitamin B12* 1.20mg
Choline chloride 0.31
Potasgsium acetate 1.85
To 108ml Milli-Q water at 70°C
D-Dextrose, anhydrous was added 71.28
35 golutions cooled to $°C and combined both for
ultrafiltration.

This is tha replacement sheet!
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TABLE 9 Crossreactivity of MHL Anti body with Crosslinked and

Noncrosslinked Fibrin Ant i body Crossl i nked Noncrosslinked
Concentration Fibrin Fibrin (ng./m.) (Absor bance at 405
nanonet ers) | 00. 000 0.764 0.409 100 50.000 0. 460
0. 319~ 25. 000 0. 305 0. 154 12. 500 0.174
0.074 . 6. 250 0. 069 0. 000 15

TABLE 10

Crossreactivity of MH Antibody with Crosslinked
and Noncrosslinked Fibrin Clots

20 Fibrin d ot % Upt ake of Labelled
Anti body After 8 Hours - 28 -

lcomposition of salts 35D mixture given in table 3
2Added in addition to sodium selenate in Salts 35D
3composition of vitamin B mix111ES as stated in Table 4
‘Added in addition to vitamin B-12 in vitamin B mix

5 111ES (see EXAMPLE hereinbelow)

Such composition is fed to mice or rats ad
libitum,

ene D 6

i0

Ingredient Amount per daily adult

dose*x (0.385ml)

Purified soy triglycerides' 0.33g
Retinyl palmitate

6.45mg (11.7 I.U.)
- Cholecalciferol 0.0288mg (1.15 XI.U.)
1S 2ambo-alpha-tocopherol 3.3ng
2ambo-alpha-tocopherol acetate 6.6mg
Phylloguinone : 72mg
*Lacating mice receive twice the normal adult dose.
lconsisting of: 12% palmitate
20 1.5% stearate
24% oleate

55% linoleate
8% linolenate
For a detailed description of CD diets see
25 (1986), Pleasants, J., et al., Germfree Research:

o (o) atjon to e
Biomedical) Sciences, B.S. Wostmann, Ed., p. 87, Liss,
New York (1985); Wostmann, B.S., et al., J. Nutr.,
112, $52 (1982); and Pleasants, J.R., et al., J.

Nutr., 100, 498 (1970), the disclosures of which are
incorporated herein by reference.

4.4

PRODUCTTON OF MONOCLONAL, ANTTBODY
The germfree animal is then utilized for the

production of monoclonal antibodies. The germfree
system can be utilized to produce a monoclonal

35

. " & g
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Crosslinked 79%

Honcr ossl i nked 76% 25 5. 6.
DEPCSI T OF HYBRI DOVA WMHL and 45J were deposited in the Anerican
Type Culture Collection (ATCC) on June 9, 1988 and given 30 .
accessi on nunber HB 9739 and HB 9740, respectively. The ATCC i s
| ocated at 12301 Parklawn Drive, Rockville, ND. 20852. MH anti body
is an lgderr] antibody with a kappa |ight

chain and it has been
observed that the MRL anti body crossreacts with not only human fibrin
but al so rabbit 35 fibrin

antibody to any antigen that the animal in a
nongermfree state could produce. An examplary list of
antigens appears in U.S. Patent 3,935,074. However,

5 it is believed that the germfree animal provides a
much enhanced immune response to the antigen. Thus,
one can increase the likelihood of locating a B-
lymphocyte that produces an.antibody that is capable
of binding to a specific epitope of the antigen. This

10 is a major advantage of the subject invention. 1In
addition, it is believed that the germfree system is
particularly useful for generating a highly specific
antibody for those antigens with numerous epitopes.

The germfree animal can be immunized by standard

15 techniques. However, it is preferred that the

germfree animal be immunized at least three times with

at least about three weeks between each immunization,

followed by a prefusion booster. It is believed that

this increased level of immunization may be necessary
because it has been observed that after two
immunizations, which is customary, there are still

mostly IgM secreting B-lymphocytes rather than the
preferred IgG secreting B-lymphocytes.

20

25 4.5. ESOMATIC CELLS
Somatic cells of the germfree animal having the
potential for producing antibody and, in particular B

lymphocytes, are suitable for fusion with a B-cell

myeloma line. Those dntibody-producing cells that are

in the dividing plasmablast stage fuse preferentially.
Somatic cells can be derived from the lymph nodes,
spleens and peripheral blood of primed germfree
animals, and the lymphatic cells of choice depend to a

large extent on their empirical usefulness in the
a5 particular fusion system.

30

However, somatic cells

derived from the spleen are generally preferred. Once

Tl s vy reniRoesman: soow!
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- 62 - The subject invention is not intended to be linted I n
scope to the hybridomas deposited but they are intended as a single

illustration of hybridomas that produced a 5 fibrin-specific nonoclonal
anti body and a fi brinogen-

speci fic nmonocl onal anti body, as defined
herein. Any cell line that is functionally equivalent is within the
scope. of the subject invention. By the term"functionally
it i

equi val ent ™
is meant that an antibody is capable of 10 conpeting with the MHL
anti body or 45J antibody in binding _to the epitope of fibrin to which

the MH1 anti body binds or to the épidfope of fibrinogen to which the 45J
ant i body bi nds, respectively. In addition, such termincludes
fibrin-specific nonoclonal antibodies and fibrinogen- 15 specific

nonocl onal ant S Y? Wl r% ﬁHiEj éﬁ ope
different from ?‘ gka i ﬁ ﬁﬂﬁ i de Egéebl ni anc# bgaintl body
bi nds, respectP@ePy5°“r°e of ant body-produc 1ymphocytes. ouse

lymphocytes give a higher percentage of stable fusions

g with the mouse myeloma lines described hereinbelow.

- However, the use of antibody-producing cells from
other germfree animals is alsc possible. The choice
of a particular germfree animal depends on the choice
of antigen, for it is essential that the germfree

50 animal have a B-lymphocyte in its repertoire of B-
lymphocytes that can produce an antibody to such

antigen.
4.6. JIMMORTALIZING CELLS
15 Specialized myeloma cell lines have been

developed from lymphocyte tumors for use in hybridoma-
producing fusion procedures (G. Kohler and C.
Milstein, 1976, Eur. J. Immunol. 6:511-519; M.

Schulman et al., 1978, Nature 276:269-270). The cell
20 lines have been developed for at least three reasons.

The f£irst reason is to facilitate the selection of

fused myeloma cells. Usually, this is accomplished by

using myelomas with enzyme deficiencies that render

them incapable of growing in certain selective media

25 that support the growth of hybridomas. ' The second

reason arises from the ‘inherent ability of lymphocyte
tumor cells to produce their own antibodies. The
purpose of using monoclonal techniques is to obtain
immortal fused hybrid cell lines that produce the

3p d<esired single specific antibody genetically directed
by the somatic cell component of the hybridoma. To
eliminate the production of tumor cell antibodies by
the hybridomas, myeloma cell lines incapable of
producing light or heavy immunoglobulin chains or

35 those deficient in antibody secretion mechanisms are

Thmisthéremacementsheet
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5.7. I'N VIVO DI AGNOSTI C AND THERAPEUTI C USES
FI BRI N- SPECI FI C MONOCLONAL ANTI BODI ES 20 5.7.1. CLOI/ VASCULAR
DI SEASE LOCALI ZATI ON The fibrin-specific nonoclonal antibodies
of this i nvention are capable of targeting fibrin clots or

aggregation of fibrin in vivo. They can, therefore, be 25 used in humans
for localization of possible tissue or vascul ar danage and for
nonitoring of vascul ar di seases. A fibrin-specific nonoclonal antibody
is particularly preferred for this use because such nonocl onal

ant i body wi ||

not bind to fibrinogeAl fibrin degradation products
and fibrinogen degradation products, thereby reducing backgr ound,

which permts one to nore precisely localize _ the fibrin clot or
aggregation of {LP4IN.» tpiy reas.oEOEoi:héé?b 61?51# Uhesk! k¥ Preferable to
use purlflg rmnocﬁ'ona arltl lLes. Prefer be}/, urlf’lcatlon 35 may
be acconpl i shedibpefiAie thein s AE¥ PR etficiency fox, Supinn;

anti bodi es for hunmanseveral styelionen ced}l disesbean be used for the

This is the rephpeadBionéfifused cell hybrids, including Ns-1, X63-
Ag8, NIS-Ag4/l, MPCl1-45.6TGl.7, X63-Ag8.653, Sp2/0-
Agfi4, FO, and S194/5XX0.Bu.l., all derived from mice,
and 210-.RCY¥3.Agl.2.3 derived from rats. (G.J.
Hammerling, U. Hammerling and J.F. Kearnly, eds.,

10 1981, Monoclonal antibodies and hybridomas In J.L.

Turk, eds. Research Monographs in Immunology, Vol. 3,
Elsevier/North Holland Biomedical Press, New York).

FOR

30

4.7. FUSION

1s Methods for generating hybrids of antibody-
producing spleen or lymph node cells and immortalizing
cells generally comprise mixing somatic cells with
immortalizing cells in a proportion which can-vary
‘from about 20:1 to about 1:1 in the presence of an

20 agent or agents (chemical, viral or electrical) that

promote the fusion of cell membranes. It is often

preferred that the same species of animal serve as the
source of the somatic and immortalizing cells used in
the fusion procedure. Fusion methods have been
25 described by Kohler and Milstein (1975, Nature
256:495-497; 1976, Eur. J. Immunol. 6:511-519), by .
Gefter et al. (1977, Somatic Cell Genet. 3:231-236)
and by Kozbor et al., 1983, Immunology Today, 4, 72.
Thé fusion-promoting agents used by those
30 Iinvestigators were Sendai virus and polyethylene
glycol (PEG), respectively. .
One can also utilize the recently developed EBV-
transformation technique (Cole et al., 1985,

Monoclonal Antibodies and Cancer Therapy, Alan R.
as Liss, Inc., pp. 77-96).

-This is the replacement sheet
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- 63 - acconpl i shed by ammoni um sul fate or sodium sul fate
precipitation followed by dialysis against saline and

sterilization. Alternatively, i
may be used to purify the
nmonoci onal

filtration
i mmunoaffinity 5 chromatography techni ques

nonocl onal anti bodi es. The purified
ant.i bodi es can be | abell ed

- 32 =

4.8. (o) ON_OF C S D 0D ON

Fusion procedures usually produce viable hybrids
at very low frequency, about 1 x 104 to 1 x 10°%.

Because of the low fregquency of obtaining viable
hybrids, it is essential to have a means to select
fused cell hybrids from the remaining unfused cells,
particularly the unfused myeloma cells. A means of
detecting the desired antibody-producing hybridomas

among the other resulting fused cell hybrids is also
necessary.

i0

Generally, the fused cells are cultured in
selective media, for instance HAT medium, which
contains hypoxanthine, aminopterin and thymidine. HAT
medium permits the proliferation of hybrid cells and
prevents growth of unfused myeloma cells which
normally would continue to divide indefinitely.

Aminopterin blocks de novo purine and pyrimidine
synthesis by inhibiting the production of
20 tetrahydrofolate.

15

The addition of thymidine bypasses
the block in pyrimidine synthesis, while hypoxanthine

is included in the media so that inhibited cells can
synthesize purine using the nucleotide salvage
pathway., The myeloma cells employed are mutants

lacking hypoxanthine phosphoribosyl transferase (HPRT)
and thus cannot utilize the salvage pathway.

25

In the
surviving hybrid, the B lymphocyte supplies genetic

information for production of this enzyme. Since B
lymphocytes themselves have a limited life span in
culture (approximately two weeks), the only cells

which can proliferate in HAT media are hybrids formed
from myeloma and spleen cells.

30

To facilitate screening of antibody secreted by
the hybrids and to prevent individual hybrids from
overgrowing others, the mixture of fused myeloma and
B-lymphocytes is diluted in HAT wedium and cultured in

35

This is the replacement sheet
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wi th radioactive conpounds,. for exanple [err] |, [err] I, [err] I,
[err]mlc, [err] In, and adm nistered to a patient intravenously. 10 The
anti body al so can be |abelled with a magnetic probe

NMR can then be
utiliZed to pinpoint the clot. After | ocal i zation of the antibodi es at
the clot or fibrin aggregation they can be detected by em ssion
t onogr aphi cal '

and radi onucl ear scanni ng techni ques thereby pinpointing
15 the | ocation of,

for exanple, the thronmbus or fibrin encapsul at ed
t unor-. By way of illustration, .the purified nonoclona
antibody is suspended in an appropriateée é [

rrier, e.g., saline, with or
wi t hout human al bum n, at an appropriate 20 dosage and is adm nistered to
a patient. The moncl onal anti bodi es are preferably adm ni stered

'h“t favenoug' Y, multiPle welYsCoONiniuidtitent paucasys Inftws o emeesever al
ours

!MEN] DI SEASES
W TH MONOCLONAL “ﬁ?ﬁ%ﬁvenﬂéﬁ% eggmgAsQ%%ﬁBenonocl onal antibodi es
of this |nventl(ﬂiQRQ$QQPi°a11You§QEIﬁqPQFHﬁﬁﬁmﬁtF&H i ®h % 0ad range of
phar naceuti cal indiviABRN weldshcentaininip tiybridagdonesakd adsaydbdl yt i c
30 reagents, ©.geof-RhcttikaitiBody SRoRKiaRES and of her
The assay must be sensitive, simple and rapid.
Assay techniques include radioimmunocassays, enzyme

immunoassays, cytotoxicity assays, and plagque assays.
10

4.9. 11, PROPAGATIO IBOD ODUCTION

Oonce the desired fused cell hybrids have been
selected and cloned into individual antibody-producing
cell lines, each cell line can be propagated in either

35 Of two standard ways. A sample of the hybridoma'can
be injected into a histocompatible animal of the type
that was used to provide the somatic and nyeloma cells
.for the original fusion. The injected animal develops
tunors sedreting the specific monoclonal antibody

.90 pProduced by the fused cell hybrid. The body fluids of
the animal, such as serum or ascites fluid, can be
tapped to provide monoclonal antibodies in high
concentration. Alternatively, the individual cell
lines can be propagated in vitro in laboratory culture

25 Vessels. The culture medium, containing high
concentrations of a single specific monoclonal

antibody, can be harvested by decantation, filtration
or centrifugation.

30 4.10. USE O OoNOC L /o)

The monoclonal antibodies made by the method of
the subject invention can be utilized in any technique

Xnown or to be developed in the future that utilizes a
monoclonal antibody.

35 A major use of monoclonal antibodies is in an
immunoassay, which is the measurement of the antigen-

This is the replacement sheet
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prot eases that are capable of lysing fibrin. Such use is
preferred because the fibrin-specific

subj ect invention permt a
because none of the

particularly
nonocl onal anti bodi es of the

very efficient use of such reagents

35 reagent will be lost by binding to fibrinogen,
fibrin degradati on products or fibrinogen degradati on products.
- 64 - For various reviews on the subject,

see Bale et al., 1980,

antibody interaction. Such assays are generally

heterogeneous or homogeneous. In a homogeneous

immunoassay the immunological reaction usually

s involves the specific antibody, a labeled analyte, and
the sample of interest. The signal arising from the
label is modified, directly or indirectly, upon the
binding of the antibody to the labeled analyte. Both
the immunological reaction and detection of the extent

g0 thereof are carried out in a homogeneous solution.
Immunochemical labels which may be employed include
free radicals, fluorescent dyes, enzynes,

bacteriophages, coenzymes, and so forth. The major

advantage of a homogeneous immunoassay is that the

15 specific antibody need not be separated from the
labeled analyte.

In a heterogeneous immunoassay, the reagents are
usually the specimen, the specific antibody, and means
for producing a detectable signal. The specimen is
generally placed on a support, such as a plate or a
slide, and contacted with the antibody in a liquid
phase. The support is then separated from the liquid
phase and either the support phase or the liquid phase

is examined for a detectable signal employing means
25 for producing such signal.

The signal is related to
the presence of the analyte in the specimen. Means

for producing a detectable signal include the use of

radioactive labels, fluorescers, enzymes, and so

forth. Exemplary of heterogeneous immunoassays are

‘'sg ‘the radioimmunossay, immunofluoroescence methods,
enzyme~linked immunoassays, and the like.

For a more detailed discussion of the above
immunoassay techniques, see'“Enzyme-Immunoassay,“ by
Edward T. Maggio, CRC Press, Inc., Boca Raton, Fla.,

as 1980.

See also, for example, U.S. Pat. Nos.
3,690,834; 3,791,932; 3,817,837; 3,850,578; 3,853,987;

P - - | S
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Cancer Research, 40:2965-297; Chose and Blair, 1978, J.Natl. Cancer
Inst., 61(3):657-676; Gregoriadis, 1977, 5 Nature, 265:407-4111
Gregoriadis, 1980 Pharmac. Ther., 10: 103-108; and TrouEt et al., 1980,
Recent Results Cancer Res., 75:229-235. The net hods used for
bi ndi-ng these agents to the nonocl onal anti body nol ecul e can invol ve
ei ther_non- 10 coval ent or coval ent |inkages. Since non-coval ent bonds
are nore likely to be broken before the anti body conpl ex reaches the
target site, covalent |inkages are preferred. For instance, a

carbodi i ni de bond can be fornmed betweefi 3% “the carboxy groups of the
phar maceuti cal

agent and the 15 am no groups of the antibody nol ecul e.

Bi functi onal agents such as di al dehydes or im doesters can be used to
link the am no r , 7 -asdrs‘ég.,kgﬁ%n@agfw;s snfszmesss 3a§§sbs>dy

nol ecul e. The Sc

anti body nol ecuf’ﬁé 'I%aie?jeﬁeh@éiicﬁ‘\/g%gg“gZ pié}t cg pgs 10

e OXI ation of a
drug or cyt ot oxeshayshivehat contains a egcoI or hydroxy group, thus
form ng an aldehudehéfnﬁiﬁdﬁsddtemtrﬁaﬁbeuoualfaﬁﬂthduﬂysbaé¢ nol ecul e.
At t achnment occu

t he anti body mlrim— %%ﬁgn&éﬁ &‘é%? g&iﬂgse & Mmonoc1dhifaNO 01 oups of

r.u re ctlve sulfhydryl
groups have beeﬁ- gstgan be lah “ﬁﬁgefﬁ égactf'e compounds,

for instance, radioactive iodine, and administered to
a patient intravenously. The antibody can also be

10 labelled with a magnetic probe. NMR can then be
utilized to pinpoint the antigen. After localization
of the antibodies at the antigen, the antigen can be
detected by emission tomographical and radionuclear
scanning techniques, thereby pinpointing the location

15 ©of the antigen. -

By way of illustration, the purified monoclonal
antibody is suspended in an appropriate carrier, e.g.,
saline, with or without human albunmin, at an
appropriate doéage and is administered intravenously,

20 €.9., by continuous intravenous infusion over several
hours, as in Miller et al. In Hybridomas in Cancer
Diagnosis and Therapy (1982), incorporated herein by
reference.

The monoclonal antibodies.of subject invention

25 can be used therapeutically. Antibodies with the
proper biological properties are useful directly as
therapeutic agents. Alternatively, tlie antibodies can
be bound to a toxin to form an immunotoxin or to a
radiocactive material or drug to form a

3o radiopharmaceutical or pharmaceutical. Methods for
producing immunotoxins and radiopharmaceuticals of
antibodies are well-known (see, for example, Cancer
Treatment Reports (1984) 68:317-328).

It also is believed that polyclonal antibodies

35 derived from a germfree animal also can be utilized in
immunoassays and provide an improved result as

. . .
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6. | N VI TRO DETECTI ON AND MEASURMENT OF SO UBLE FI BRI N
BACKGROUND 30 As descri bed above, see Section 5.1, the
henostati c mechani sminvol ves a conpl ex sequence of reactions, by
which fibrinogen is ultimtely converted by thrombin to fibrin. The

end result of these reactions is the formation of a thronbus (bl ood
clot). .The sequence of

35 reactions nmay be sinply represented by a three
step process as foll ows:
This is the replacenent sheet

6.1

- 36 =

compared to polyclonal antibodies derived from a
conventional animal. Polyclonal antibodies derived
from a germfree animal can be made by utilizing a

s germfree animal, as described hereinabove, and
immunization techniques, as described hereinabove,
followed by separating the polyclonal antibodies from
the animal by conventional techniques, e.g. by

separating the serum from the animal.
10

A_FIBRIN-SPECIFIC MONOCLONAIL, ANTIBODY
' S.1. PBACKGROUND
The hemostatic mechanism is a complex
physiological response mechanism involved in repairing
15 damage to a ruptured blood vessel. Hemostasis is
achieved through the co-operative interactions among
the wall of the damaged blood vessel, the platelets
and the coagulative system. The role of the
coagulation system is to provide an extensive fibrin
20 hetwork to stabilize and anchor the platelet plug
which has been assembled on the subendothelial
structure of the damaged vessel. The formation of the
insoluble fibrin matrix from circulating fibrinogen is
the result of a complex sequence of reactions
culminating in the explosive production of thrombin
the required site. Coagulation is an amplification
process involving a chain of enzymatic reactions in

vwhich proenzymes (clotting factors) are activated
sequentially to active enzymes.

25 at

There are a number of
physiological mechanisms controlling the fibrin

polymerization process involved in thrombus formation.
These include the thrombin inhibitor antithrombin IXI
(ATIIXI), protein C, prostacyclin and various
components of the fibrinolytic system such as tissue

35 Pplasninogen activator (t-PA) and its fast acting
inhibitor (PAI).

30
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- 65 -

Thr onbi n
Step 1 - Proteolysis: Fibrinogen [err] Fi brin Mononers +
Fi bri nopeptides A and B Step 2 - Polynerization: Fibrin
MoNoner s Sol ubl e Fibrin Polyners. Step 3 -
Clotting: Soluble Fibrin Polynmers [err] Fibrin dot 10
Fi brinogen is conposed of three pairs of non-

chains: Alerr], Blerr] and [err].
Edition p. 249, WH Freenman

initial step, whereby
step 1, :

| denti cal pol ypeptide
See L. Stryer, Biochem stry, Third
and Conpany New York (1988). 1In the

fibrinogen is 8@nverted to fibrin, shown above as

The homeostasis hypothesis proposed by Astrup in
1956 Astrup, T., Blood 11, 781-806 (1956) states than
an equilibrium exists between fibrin formation

s (coagulation) and f£ibrin dissolution (fibrinolysis).

In the normal or healthy state these functions are

evenly balanced. However, when the hemostatic process

is impaired, coagulation and fibrinolysis are
pathologically expressed as thrombosis and hemorrhage,

10 respectively. The clinical manifestations of
pathological thrombosis or thrombotic disease are
extremely diverse and include disseminated
intravascular coagulation (DIC), deep vein thrombosis
(DVT), arterial and venous thrombosis. '

15 Thromboembolism and thrombotic complications of other
vascular disease (eg. atherosclerosis) can result in
occlusion of major arteries leading to organ ischemia

and the attendant life-threatening conditions such as

cerebrovascular accident (stroke), myocardial
20 infarction, etc.

The fibrinolytic process involves the conversion
of an inactive zymogen, plasminogen, to the.
proteolytic enzyme, plasmin, through the action of
agents known as plasminogen activators. The molecular
mechanism of physiological fibrinolysis is not fully
understood, but it is known ‘that during £ibrin
formation plasminogen binds to fibrin where it can bhe
activated by plasminogen activators, e.g. t=PA. 1In
this manner plasmin generation proceeds within the

30 thrombus where it is protected from inactivatipn by
the main physiological inhibitor of plasmin, alpha,-
antiplasmin.

Upon exposure to plasmin, fibrinogen and fibrin
are broken down to their degradation products.

as

Fibrinogen breaks down into fragments X and ¥, and
upon further exposure to plasmin, fragments D and E.
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fibrinogen is cleaved by thronbin to rel ease fibrinopeptide A fromthe
am no-term nal ends of the two fibrinogen Alerr]-chains. The resultant
nononer i s the DesAA fibrin nmonomer. As also shown above in step 1,

si mul t aneously, but nore slowy, thrombin al so cl eaves fibrinopeptide B
fromthe am no-term nal ends of the two fibrinogen Blerr]-chains. As a
result. of the fibrinopeptide rel ease, new am no-termnals are exposed
on the fibrin a and [err] chains. As depicted above, the nol ecul es
formed in step 1 are fibrinopeptide A fibrinopeptide B, and the

fibrin nmononers DesAA fibrin nononer, and@8DesAABB fibrin mononer ,
shown above as "fibrin nononers”. See W N euwenhui zen, Bl ood
coagul ati on and Fi bri nol ysi s, 4:93-96 (1993) As shown above in step

2, the fibri f I
(notn-gro!sslr: Rkeﬁ%ric'i‘ l:'mmago‘irgwfent eﬂ% P%rq?: O%Cﬁyﬁgrtgr]{romf orm sol ubl e
fibrin [MMHHﬂQQ§ sgdinkednt Herine and §F8ﬁs§ Et#lﬂﬁ¥31Q1ﬁlﬁn

polyners then1%nunnﬂux;fNbdimertd!-n-diﬁﬁi and X oligoﬁ@tLttamflbrln S

defined as any ngl&diiglikea fibriﬁPECIes originating fromfibrinogen or
fibrin that can 0

Asslaysd for Inlaal:){ctlazr']s poé %om&: trI% dggog{ieany I brl n(ogen)
been conducted until quite recently using polyclonal
antibodies in both radioimmunoassays and latex
agglutination type assays. These assays have been
10 demonstrated to be extremely unreliable by Gaffney

(Gaffney, P.J., Ann. N.Y. Acad. Sci., 408, 407-423

(1983). ‘More specific and sensitive immunoassays

(such as ELISAs) using monoclonal antibodies are

becoming common practice in clinical laboratories.

15 The limiting factor in these diagnostic assays is the
specificity and affinity of the particular monoclonal
antibody employed. The generation of highly specific
antibodies to any of the potential indicators of
impaired hemostasis is hampered by both low levels of

20 indicators and the antigenic relatedness of the
particular marker with its brecursor, vhich is
normally present at much higher levels in plasma.
Exaumples are the formation of complexes between
enzymes and their inhibitors eg. thrombin-antithrombin

25 III, plasmin-alpha,~antiplasmin, t-PA-PAI-1. The
number of new antigenic sites generated by such

complex formation is extremely small and makes the

production of immunological probes (such as monoclonal
antibodies) difficult.

Likewise, the major problem associated with the
acquisition of a monoclonal antibody to fibrin has
been the structural and conformational similarities
between f£ibrin and its physiological precursor
fibrinogen. It has been estimated that the
a5 conservation of covalent structure when f£ibrinogen is

converted to fibrin is greater that 98% (Plow, E.F.,

30
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- 66 - derived nol ecul ar speci es which has a nol ecul ar wei ght
greater than the nol ecul ar wei ght of native fibrinogen, and is

mai ntai ned in solution in blood. Non-crosslinked 5 and crossli nked DesAABB
fibrin polyners,

formed in step 2 above, are two of the several species
of soluble fibrin

and are also two species of soluble fibrin polyner.
‘Additionally, the termsoluble fibrin includes various

C ot her speci es;
for exanple, DesAA fibrin polyners
- 39 =
et al., Semin. Thromb. Haemostas, 8, 36 (1982) and,

therefore, only a small percentage of the epitopes on
the fibrin molecule are in fact neoantigens (and

g unigue to fibrin). Many of the approaches which have
been adopted to acquire fibrin antibodies have
concentrated on immunizing animals with soluble fibrin
fragments and synthetic peptides which mimic exposed
neoantigenic sites on £ibrin. See Hul, K.Y., et al.,

10 Science 22, 1129-32 (1983), Scheefers-Borchel, V., et
al., Proc. Natl. Acad. Sci USA, 82,7091-95(1985),

Elms, M.J., et al., Thromb. Haemostas, 50, 591-94
(1983, and Kurdryk, B., et al., Mol. ¥mmul., 21, 89-94
(1984). However, it is believed that the binding site
‘'of such antibodies is conserved during the f£ibrin
degradation process and, therefore, such antibodies
also can bind to fibrin degradation products.

The subject invention permits one to take a
completely different approach and utilizes the intact
£ibrin antigen in conjunction with the enhanced
immunological sensitivity of the antigen free (AF)
animal to produce a fibrin-specific monoclonal
antibody. For the purpose of the subject invention, a
fibrin-specific monoclonal antibody ‘binds to fibrin
and not to fibrinogen, the fibrinogen degradation
producte or the £ibrin dégradation products.

15

20

5.2.

MATERIALS AND METHODS
| 5.2.1. ANIMALS |

Germfree BALB/cAnN mice were obtained from the
germfree (GF) colony maintained at the University of
Wisconsin. The animals were transported to our
facility under GF conditions. The aAntigen-Free (AF)
colony was initiated by moving pregnant GF mice fed a .
natural ingredient diet L-485 (See Pleasants, J.P., et
al., J.Nutr. 116, 1949-1964 (1986))

30

to an AF isolator




10 conpl exes fornmed by interactions between fibrin nononers (either
DesAA or DesAABB fibrin nononers) and the fibrinogen degradation

products X, Y, D and E (see Section 5.1 above for a description of

t hese degradati on products) and al so, for exanple, DesAA and DesAABB
mononers in 15 conplex with fibrinogen, see N euwenhuizen, pp. 93-94.
Soluble fibrin polyners are the i medi ate precursors of the insol uble

fibrin, i.e., the clot, and consequently the plasnma | evels of the
soluble fibrin polyners are believed to be elevated in individuals

with 20 inpending or existing thronb05|%?(f ntravascul ar bl ood cl ot
formation). The detection and neasurenent of the anopunt of these

polymers in blood, in particular the DesAABB sol uble fibrin polyners

}NOU' dt ther ef or gndie ¢hef WicaSwaPe immedidticddt keAnsferred picerdhebl ood cl ot
ormati on.

See an 21 94,
e B ST T e
Certain speC|esﬂhﬁchuhﬁﬂﬂQSVFFbﬂ#ﬁeﬁ§}¥ °°“ta°ﬁﬁﬁe9|§B§P§abeen det ected or
measured and detﬂgfﬁtem NFI) diet, weréeowsarsd Mromoustermalidiilyk for

exanpl e, rreasurgaees v, s e BRRSGhAEE AndRATUECREN! bY USI ng
antibodies to t

of fibrinogen tgenerati ‘P‘/if\t)(ralr"‘al %ndﬂ\[ﬁgﬁh F’Z Irfgw(‘) gﬁ'ed uggg:}c%g%?rz;on
.D-di ners, fehallerwas nﬂtiqﬁﬂhl&dPSBEBABtPathﬁn the W1e0vas40. O her
removed to ensure that the female would thereafter
30 receive her full daily lipid supplement.
weaned at 24 days of age.

Young were

5.2.2. HOUS:
AF breeders were housed in pairs in one half of a
45 standard polycarbonate mouse cage 28x17.8xX12.7cm. The
bottom had been cut out and replaced with a false
bottom of mesh stainless steel. A longitudinal
divider of sheet stainless steel was bolted to the
ends of the plastic cage, projecting enough above and
20 beyond the cage to hold in place a lid of stainless
wire. This recessed lid, which normally fits inside a
cage, was inverted to provide more adequate head room
above the false bottom. Stainless steel collars of
appropriate size were welded to the top of the lid to
25 hold 60nL diet bottles. Four stainless steel cups
were welded to the sides of the longitudinal divider
at the ends, halfway between the false bottom and the
top. (A picture of the cages appears in Pleasants,
J.R., The germfree system for aging and immunity In:
30 CRC Handbook of Immunology in Aging, (Kay, M.M. B.S.
Makinodan, T., eds.), pp. 257-297, CRC Press, Boca
Raton, Fl. (1981). The diet bottles were of brown
glass. Both diet and water bottles had plastic lids
with holes drilled in their centers. The bottles were
35 f£illed and inverted in their collars. The lipid
supplement was measured daily into the stainless steel

| This is the replacement sheet

™ oo
Date: L



net hods used to detect or neasure and detect sol uble

35 fibrin include,
measur enment of aggl utination of

erythrocytes coated with fibrin in
t he presence of soluble - 67 -
fibrin, gel exclusion chromatography, rate enhancenent of
- 41 -
cups.

A plastic pan was placed under .each cage to
receive wastes.
The filter paper which served both as bedding and
s as ingestible fiber was Whatman ashless filter paper
No. 41, purchased as clippings (Sargent Welch). For
bedding the paper was cut into strips. Uncut squares
of the paper were used for c¢leanup inside the
isolator. The paper was autoclaved for 25 min at
10 121°C, or was irradiated (4.5 Mrad) in plastic bags.
All mice received enough paper to cover one end of the
cage. It was replaced when it became wet, yellow or
dirty.
The cages were maintained inside a 1.37%0.6%0.6M
flexible isolator of the Trexler type (Trexler, P.C.,
Lab. Anim. Care, 13, 572-581 (1963)), using standard
gnotobiotic technology (see Wostmann, B.S., Ed.,
Gnotobiotes Standards and Guide Lines for the

is5

Breeding, Care and Management of Laboratory Animals,
National Research Council, National Academy of
Sciences, Washington, D.C.)

The isolators were
maintained in a room at 21°C on a 12h light dark
schedule.

A 2.5cm diameter Tygon tube 7.55cm long was sealed to

the top of the isolator and closed with vinyl stoppers

at both top and bottom. This provided an entry for
sterile filtration of diet, water and oil.

25

$.2.3. DIET
Table 1 indicates both diet composition and the
sequéence for dissolving the ingredients in
ultrafiltered Milli-Q water (Millipore, MA). The
amino acids and dextrose were Sigma tissue culture
grade. Vitamins were also from Sigma except for pure

retinyl palmitate, kindly supplied by Hoffman-La
Roche, Inc., (Nutley, NJ).

30

35

The other reagents were

This is the replacement shaat
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pl asm nogen activation by the plasm nogen activator t-PA,

Ni euwenhui zen, at p. 94, ethanol or protam ne sulfate gelation, Ntermnal
anal ysi s of flbrlnogen fractions purified from plasna, incorporation of
"C- 1 abel ed gl yci ne- et hyl ester and agarose gel chronmatography, see Bang
and - Chang at pp. 111-118. None. of these tests detects and measur es
specifically both soluble crosslinked and sol uble 10 non-crosslinked fibrin

pol ymers. 6.2 I N VI TRO ASSAY FOR SOLUBLE CROSSLI NKED FI BRI'N
POLYMERS AND SCOLUBLE NON- CROSSLI NKED FI BRI N POLYMERS

The present invention is based upon the 32 discovery that it is possible to
provide an in vitro assay to detect and neasure the anount of sol uble
crosslinked DesAABB fibrin polymers and sol ubl e non-crosslinked

DesAABB fibrin polymers, which polyners are conposed of DesAABB fibrin
mononers, in aniskemyceytifiedhorecequialent. Tbencoupletei watetr (a)

fib oF (i
n;)n(r)lng(r)gen(d) PLollBib"aget was Q‘i?i:é%h' 1areﬁ98hgn 6) allgeBft ibrin

see

ner s Hnrmmmms ()
crossl i nked flgiﬁﬁbgeﬂc?FHeFGPfgﬂFFg psd PBr FRdQeRpRbranes (q) pesAa
fibrin nonoger 1ok Yagaianetere(anico)( h) fibrin degradation

products ("species &%E‘GHEEEfian% membranes had a molecular weight

cut off of 10,000 daltons. The assembled ultrafilter
apparatus was sterilized before use by passing a 0.15%
sodium hypochlorite solution through it, followed by

3o thorough washing. Ultrafiltered diet was stored at
4°C in sterile reservoirs until needed. The diet was
introduced into the AF isolator using a 0.2um Nylon
(MSI) filter in an autoclaved pressure filter holder
with its delivery tube inserted into a No 6 Neoprene

15 stopper. For this purpose, the upper vinyl stopper
was removed from the Tygon tube sealed to the top of
the isolator, and the interior of the tube was sprayed
with a sterilizing solution of 2% peracetic acid
containing 0.1% alkyl-aryl sulphonate. The filter

20 holder stopper was inserted in place of the upper
stopper. After 20 minutes the lower stopper w&s
removed (inside the isolator) and diet or water was
filtered into the isolator under 20 psi of nitrogen.

The composition of the lipid supplement is given

25 in Table 2. The soy triglycerides were a preparation
made from those methyl esters which vacuum distilled
over a temperature range yielding the esters from
palmitate to linolenate. These esters were then
transesterified with glycerol to form the mixed

3p triglycerides. (Nu-Chek Prep, Elysian, MN). The fat-
soluble vitamins were added to the triglyceride
mixture before its filtration into the isolator at
which time it was warmed to 50°C and filtered into the

isolator by the same procedure used for the water-
35 soluble portion of the diet.

il i
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25 fibrinogen degradation products and the fibrin degradation

products are those generated by plasm n digestion of . fibrinogen or
fibrin as described in Section 5.5.2 above. It is believed
that the above described assay is 30 particularly useful in the clinical
di agnosi s of conditions characterized by thronbosis.

The assay may be carried out utilizing any sui tabl e sanpl e of body
fluid but is preferably done utilizing as a sanple nanmal i an bl ood.
Sui t @bl e mammal s 36 include for exanple rabbits, nonkeys, and humans

W th humans bei ng nost preferred.

The lipid intake was a measured 0.375ml/day.
Increasing the lipid supplement has greatly decreased
the moftality rate of newborn mice. The average

s litter size has also increased to that of
conventionally reared animals. Lactating females
received twice the normal amount of lipid supplement.

. A
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- 68 -

In such in vitro assays, any neans, known or to be
devel oped, of detecting sol uble crosslinked DesAABB

fibrin polyners and
sol ubl.e non-crosslinked DesAABB fibrin 5 pol yners whi ch neans does not
detect species (a)-(h) can be utilized. Once detected, the soluble
crosslinked DesBABB fibrin polymers and sol ubl e non-cross |inked
DesAABB fibrin polynmers in a sanple can be neasured either by conpari son
to a _control sample or by use of standards 10 havi ng known anounts of
sol ubl e crosslinked DesAABB fibrin pol yners and sol ubl e non-crosslinked

DesAABB fibrin pol ymers whi ch standard®s —contai n none of species (a)-(h).
It is to be noted that a neans of detection is any neans by which one
is able to determ ne the presence 15 of the nmaterial

of interest in a
sanple. A preferred means of deteg%bgggis an anti body to the sol uble
crosslinked DesAABB fibrin polynmers a sol ubl e non- crosslinked

DesAABB fibrin polymers, wgonpositibfdand/qifeparation of
chemically defined diet L489E1Se

5 Anount
(grams/100 grams

Ingredient of Ingredient)
To 192 ml Milli-Q water 70°C the following were added:
Leucine , 1.9

10 Phenylalanine ' 0.74
Isoleucine 1.08
Methionine 1.06
Tryptophan 0.37
Valine i1.23
Asparagine 0.91
Arginine HCl 0.81
Threonine 0.74

15 Lysine HCl 1.77
Histidine HCl 0.74
The solution was cooled to 45°C and the following
added:
Glycine , : 0.59

20 Proline 1.48
Serine 1.33
Alanine 0.59
Sodium glutamate 3.40
I~tyrosine ethyl ester HCI *0.62
Ferrous gluconat 0.05
salts 35D : 0.105

25 Sodium Selenite? " 0.074
Solution cooled to 5°C and the following added:
Calcium glycerophosphate $.22
Magnesium glycerophosphate 1.43
Calcium chloride 2H,0 0.185
Sodium chloride~Potassium Iodide

30 (KI) mix (containing

680mg KI) 0.086

Vitanmin B mix 111ES® : 0.09
Vitamin B12¢ 1.20nmg
Choline chloride 0.31
Potassium acetate 1.85

35 To 108ml Milli-Q water at 70°C

D-Dextrose, anhfdrous was added

This is the replacement sheet
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not cross-react with (a) fibrinogen, (b) f ibrinogen 20 degradation
(

products, (c) DesAA fibrin nononers, (d) DesAA fibrin polyners, (e)
DesAABB nmononers, (f) crosslinked fibrinogen, (g) DesAA fibrin
nmonomner - fi bri nogen conpl exes and (h) fibrin degradation products. Said
anti body can be used to detect and neasure the amount of soluble 25

crosslinked DesAABB fibrin polynmer and sol ubl e non- crosslinked
DesAABB fibrin polymer in a sanple. Such ant i bodi es i ncl ude pol ycl onal
or nonocl onal anti bodi es, pref erably nonocl onal. The anti body can be
derived from any species. Preferal]y,g however, the antibody is of 30
human or nurine, or rabbit origin. Inaﬂkﬁtion, such ant i bodi es

i nclude, but are not limted to chineric anti bodi es, single chain
anti bodi es, and Fab fragnents. An exanpl e of such anti body
is the nonocl oBghutions cadhieROdy Ml RS Cordthdd) i ifs 5.5.1 - 5.5.3,
and 35 al soyieehirgntratidpqve. It is believed that MHI, in

addition to having the above descri bed bi nding

lcomposition of salts 35D mixture given in Table 3

pdded in addition to sodium selenite in Salts 35D
lcomposition of vitamin B mix 111E5 (see Table 4)

‘added in addition to vitamin B-12 in vitamin B mix
111ES5

TABLE 2
10 Conmposition of lipid supplement LADEK 69E6

Ingredient Anount per daily dose* (0.375ml)

Purified soy triglycerides! 0.33g

15 Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalciferol .0288mg (1.15 I.U.)
2 ambo-alpha-tocopherol 3.3mg
2 ambo~alpha-tocopherol acetate 6.6ng
Phylloquinone _ 72.0mg

20

*Lactating mice received twice the normal adult dose.

lconsisting of: 12% palmitafe
1.5% stearate

25 24% oleate
§5% linoleate
8% linolenate

This is the replacement shest
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- 69 - characteristics, also does not bind to the fibrinogen- fibrin
degradati on product conplex. This characteristic of MHI nmay enhance its

efficacy as a means of detecting 5 and neasuring sol ubl e crosslinked and
sol ubl e non- crosslinked DesAABB fibrin pol yners.

be noted that two or nore antibodies can be used as the neans of
det ect-i on. Thus, anti bodies with different specificities can be used in

conbi nation to 10 detect and neasure sol uble crosslinked DesAABB fibrin
pol yners and sol ubl e non-crosslinked DesAABB fibrin

It isto

polyners in a
sanpl e, wherein for exanple, neither = &fttbody alone is able to forma
conplex with both sol uble -

TABLE 3
" Composition of the 35D Salts Mixture
5 salt Amount (per 300ml of diet) (mg)
Mn(acetate), 4H,0 55.4
Zuso, H,0 ©40.6
Cu(acetate), H,0 3.7
10 cr(acetate); H0 2.5
NaF 2.1
Snso, 2H,0 0.37
 (NH,) ¢ MO0, 4H,0 0.37
Nicl, 3H,0 . 0.37
15  co(acetate), 4H,0 0.11
Na,Vvo, 0.22
NazSe03 0.096
20 IABLE 4
Composition of the Vitamin B Mixture 111ES
Ingredient Amount (mg)/300ml Diet)
_ Thiamine HCl 1.23
25  pyridoxine HCl 1.54
Biotin 0.25
Folic Acia 0.37
Vitanin B12 0.37
Riboflavin 1.85
30 Niacinamide 9.2
i-inositol 61.9
Calcium pantathenate 12.3

Water was Milli-Q ultrafiltered grade and was

a5 filtered into the isolator in the same manner as the
diet.

Sl Jee by eeoad
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crosslinked DesAABB fibrin polymers and sol ubl e non- 15 crosslinked DesAABB
fibrin polyners, whereas the two or nore anti bodi es can form such

conpl exes. of course, no one anti body can crossreact with species
(a)-(h). It i

is also to be noted that when anti bodies are
used it may be necessary to utilize a species specific 20 antibody.
For the production of antibodies, various host ani nal s can be

i mmuni zed by injection with sol uble crosslinked DesAABB fibrin

pol yners and sol ubl e non- crossl _nked_DesAABB fibrin polyners as the
antigen, 25 including but not limted to rabbits, mce, rats, etc.

Such pol ynmers can be selectively isolated using, for exanpl e, the IH

anti body, coupled to a Sepharose NHI antlbody affinity columm. Such
pol ymers can be prepareds 2.4. aMICK PRING can first be

prepared in vitro adg -If afyshew Y Lo EOH B Oagi ¢ T at ed
pl asma.

potent t hronbi ﬁ@ﬁﬁ?‘g gg¥ [}%’?‘."%}g& &'& ﬂ\@é%:bféié\s’%é’ L gddition of a

Bsanpl es may be
applied to @& Smmfmbsewﬁmil%hGROtObi cg Feanfands bggpr epar gd by
the coupling ofgufldbldnesbeoy theéhicedivignegee &hanmaagaidntiiord Sephar ose
;‘Er(Phar MACi ) Afioratory anEARYE, 'Watithad Ressifch8GERE{ £, Pr oduct insert

National Academy of Sciences, Washington, D.C.
Briefly, swabs wetted with diet and water from inside

30 the isolator were used to obtain fecal smears obtained
fresh from the mouse and from the accumulated waste
under each cage. Smears were also taken from the
walls of the isolator particularly around the entry
ports. - Duplicate smears were always taken. One set

15 was tested by direct microscope examination for
bacteria and fungi, using a gram stain. The second
set of swabs was used for detection of microorganisms.
Three weeks were allowed to elapse before a culture
was considered to be negative.

20 Microbiological testing was performed
approximately every two weeks or a few days after a
new entry to the isolator had been made.

$.3. THE PRODUCTION OF MONOCLONAL ANTIBODIES
25 USING ANTIGEN-FREE MICE

The antigen-free mice described hereinabo§e were
used as the lymphocyte donor in the production of
monoclonal antibodies. Solutions of all antigens were

prepared under sterile conditions in a laminar flow

hood.
30

The following protocol was adopted for the
immunization of the AF mice. The antigen (25-50 micro
g) was dissolved in sterile saline (100 micro l) and

" emulsified with an equal volume of Freund's Complete
Adjuvant (FCA). Interferon (1000 units) was added to
‘the solution of antigen prior to the preparation of
the emulsion. Sterile syringes and needles were used

35
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- 70 - met hods for preparing an anti body- Sepharose 4B col um
preactivated Sepharose 4B. The soluble fibrinis initially applied to

t he Sepharose-MHL colum in the 5 presence of phosphate buffered saline
(PBS). After bi nding to the Sepharose-WVH colum, in the presence of
(PBS) the soluble fibrin binding to the IHL- Sepharose may be el uted

using a solution of sodiumthiocyanate. After

usi ng

- 48 -

for all immunizations. The syringes were transferred

to the AF isolator via the entry port where they were
sterilized by spraying with a solution of peracetic
s acid (2%). Booster injections were given using the

same amount of antigen and the replacement of FCA with

Freund's Incomplete Adjuvant. A total of three

booster immunizations were given each at intervals of
three weeks. The £inal boost (without adjuvant) was

10 9given 4-7 days prior to fusion. All immunizations
were given intraperitoneally. The mice were removed
from the isolator on. the day of the fusion and were
immediately sacrificed by €O, asphyxiation The spleens
were removed and the splenocytes fused with mouse

35 myeloma cells (NS1) using standard hybridoma
technology.

S.4. USE OF THE ANTIGEN-FREE ANIMAL SYSTEM

FOR THE PRODUCTION OF A FIBRIN-SPECIFIC
MONOCLONAYL, ANTIBODY

20 The antigen-free system was used to generate a

fibrin-specific monoclonal antibody. The antibody is

highly specific and does not recognize fibrinogen,
£ibrin degradation products or f£ibrinogen degradation
products. The hybridoma cell line was produced by
fusion of splenocytes from antigen free BALB/c mice,
immunized with human fibrin, and NS1 myeloma cells.

5.4.1. ATIO CHEDULE

Three eight week old female antigen free mice

were immunized with 33 micrograms of a human fibrin
preparation.

The preparation was a freeze fracture
sample of fibrin which was prepared as follows:

Human fibrinogen was converted to fibrin by

thrombin and Factor XIIXIa. The fibrin clot was then

frozen in liquid nitrogen and reduced to an extremely
fine powder by mechanical disruption.

35

A dispersion of
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di al ysis agai nst PBS, the soluble fibrin polyner which has 10 been isol ated
may be stored at -70[err]C Various adjuvants can be used in
conj unction with the isolated polyners to increase the immunol ogical
response, depending on the host species, including but not limted to

Freund's (conplete and inconplete), mneral 15 gels such as al um num
hydr oxi de, surface active substances

such as lysolecithin, pluronic
pol yol s, pol yani ons, peptides, oil emulsions, keyhole |inpet
henocyani n, di ni trophenol, and potentially useful human adj uvants such
as BCG (bacille Calnette- Gherln) and co?@nebacterlun1 20 parvum

Monocl onal anti bodi es specific for soluble crosslinked and sol ubl e .
non-crosslinked DesAABB fibrin pol ymers whi ch antibodies do not cross
\rM?acth Wi th speghestreeze frdcturld E@Ehbrie Rasphacd by swiiige awky gieehni que

i C

25 prOV| oL .4 0 qu t] |q& I

conti nuous cel giﬁgg %ﬁi€€*§%wé¥1 Q%ggkﬁﬁglgggg%n e]ﬁl‘l‘ﬁ&'tp)é‘r1ot limted
to the hybri dofdnedcrangeatsrtiom9f \ing/mL. déchilEEELb?f Kehd%r and
Ml stein, (Nat@itrihddntigeh w&S-used to 4nmuniklecther aniwsksl EHen B-cel |
hybri doma tEChrUcﬁHﬁxe o ge( Kﬂé?&éneéoﬁltionl%% ahgwueeaoea igglay, 4:72)
and t he EBV- &ic nlgg %rgie et i if gocl onal
Ant i bodi es and 'Ejaﬁﬁ,cg'f E5GTLAE RARNG | vag, thep, eniiis

with FCA as described in the last gsection. Two
' booster immunizations were administered, at intervals

10 Of three weeks, using the same level of antigen in
Freund's Incomplete Adjuvant. The final booster was
given 4 days prior to the fusion. The same level of

antigen was used and adjuvant was replaced with
saline.

15

5.4.2. CTION D INATION OF BODY
Qualitative and quantitative determinations of
monoclonal antibody were performed using an enzyme
linked immunosorbent assay (ELISA). The ELISAs were
20 Pperformed using human fibrin immobilized onto a 96
well PVC plate (Costar). The £ibrin coated assay
plates were prepared by incubating 100 microL of a
fibrinogen solution (Kabi, grade L) (50 micrograms/mL
borate/saline buffer) overnight at 4°C. Unbound

25 fibrinogen was removed by washing with PBS containing

0.05% Tween 80 (PBS-Tween). The fibrinogen coated

onto each plastic well was converted to fibrin by
incubation with 100 microliters of a thrombin solution
(10 NIH units/ml) containing 2mMCacCl, for 1 hour at
30 37°C. Standard calibration curves for the antibody
were constructed using a preparation of antihédy which
was homogeneous by SDS-PAGE.
To6 prevent non-specific binding, the fibrin
coated plates were incubated with a 1% solution of BSAa
35 in PBS pH7.4. Antibody containing solutions (100
microl) were then added and incubated at 37°C for 90

This is tho replacement shest
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96). In an additional enbodi ment of the invention ~monocl onal
anti bodi es can be produced in germfree aninals 35 utilizing recent
t echnol ogy, see sections 5.2-5.4. An

- 71 - exanpl e of the production of such antibody is the  production
of MH described above in sections 5.3-5.6. According to the
I nventi on,

human anti bodies can 5 be used and can be obtai ned by using
human hybrldonas

- 50 -

minutes. After each step in the procedure the wells

were extensively washed with PBS-Tween. Bound
antibody was detected by the addition of a 1000 fold
dilution of rabbit anti-mouse antibody conjugated to

alkaline phosphatase (Sigma) diluted in PBS, 1% BSA
pHB.O.

504.3.

ERODUCTION OF HYBRIDOMAS -~ FUSION
The mice were sacrificed by coO, asphyxiation and a
splenectomy performed immediately. The spleen cells
from the immunized mice were fused with the fusagent
polyethylene glycol 4000 (3000-3700). The cells were
incubated in HAT selection media in T flasks for 1
15 Wweek. After this time the cells were plated out into
$ X 96 well plates from which 93 wells showed growth.
Of these, 19 wells were positive for the fibrin
antigen. One of these clones, F492Dg (later renamed
MH1), produced antibody which recognized the fibrin
antigen but did not crossreact with fibrinogen.

10

20

This
particular clone, MH1l, was recloned three times by

‘limiting dilution with the tertiary cloning phase
performed at 1 cell per well. Once the cell line was
stabilized it was weaned onto a serum-free medium the

cell line produces antibody at the 1eve1 of
approximately 7.5 mg/liter.

25

5.4.4. CATION OF MO oC L oDY

Before purification (4 Liter batches of) tissues
culture supernatants were centrifuged to remove
cellular debris and filtered through a 0.8microM nylon
membrane to remove any residual particulate material.
The hybridoma supernatant was concentrated at 4°C to a
volume of S00mL using a spiral wound ultrafiltration

system employing a YM type membrane (Amicon) with
molecular weight cut of 30,000.

30

35

Buffer exchange to
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(Cote at al., 1983, Proc. Natl. Acad. Sci., BO 2026-2030) or by

transform ng human B cells with EBV virus in vitro (Cole et al., 1985,
i n, Monocl onal Antibodi es and Cancer Therapy, Alan R Lies, pp. 77-96).
In fact, according to 10 the invention, techni ques devel oped for the
producti on of "chinmeric antibodies" (Mrrison et al.,, 1984, )Proc.

Nat | . Acad. Sci., 81:6851-6855; Neuberger et al., 1984, Nature,

312: 604- 608; Takeda et al., 1985, Nature, 314:452-454) by splicing the
genes from a nouse anti body nol ecul e of 15 appropriate antigen specificity

together with genes froma human -asli body nol ecul e of appropriate
bi ol ogi cal activity can be used;

; such anti bodies are wthin the scope
of this i nventi on. According to the invention,
t echni ques descn

uctlon 0 S|ng e, ch ant i bodi es
(U.S. Patent “&Ng(nlmgﬁ3£9%g?e£d% WAPRENLS ﬁ?ﬂ% @@ﬁppe@ﬁﬁc:5|ngle
chai n anti bodi eBuffer A) was accomlmq |Wnélia§%§n¢hém agcartddngnvent i on

utilizes the tegdniMi eanigactubess ! Distitctions. UnEtep Sarthed® Fab
expressi on I|b &l‘g &? eko % fnjsg Yorte Q:CEE’:LOO ml, ﬁﬁl% 1275-1281) to
allowrapid 2 easy

cl onal’

fragnents with
the desired spe%??*kﬁ g,qq}ut on “§5IE }EFEﬁQnﬁﬂFQH@PdaaHd4§BIEEF%P“
non- cr ossl i nkednZker\Aitihbrane Heiforenfpothexmrification. The

concentrated antibody solution was purified by liquid
chromatography on a Waters HPLC chromatograph using a
10 7.75mm x 10cm ABX column (J.T. Baker, Phillipsburg,
NJ). The column was equilibrated with buffer A and
the sample (100ml) was apﬁlied at a flow rate of
1.0ml/min. After extensive washing with buffer A the
antibody was eluted from the column with a gradient

15 from buffer A to 100% buffer B (1M sodium acetate pH7)

at 1 ml/min., PFractions (2ml) were collected and those

containing MAb (as determined by ELISA) were pooled
and dialysed against phosphate buffer saline (PBS)
(20mM sodium phosphate, 150mM sodium chloride, pH7.4)
20 and stored at -20°C at concentrations > img/ml. The
ABx column was regenerated by washing fdf 5 minutes

with 100% buffer B, followed by re-equilibration with
15 column volumes of buffer A,

25 5.5. ON_O C Cc

Initial determination of fibrin specificity was
achieved by screening hybridoma supernatants
separately on f£ibrin and fibrinogen coated microtiter
plates. Only those cell lines producing antibody that

39 did not crossreact with fibrinogen were accepted.
Further confirmation of fibrin specificity was
determined utilizing a competition assay with
fibrinogen in solution, thereby confirming that the
antibody does not recognize fibrinogen in solution.
The competition assay employed to ascertain the
£ibrin specificity of the antibody was performed as

35
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30 Anti body fragnments which contain specific
for soluble crosslinked and sol ubl e non-

pol ymers may be generated by

bi ndi ng sites
crossl i nked DesAABB fibrin

known t echni ques. For exanple, such
fragnents include but are not limted to: the F(ab')[err] fragnments
whi ch can be 35 produced by pepsin digestion of the anti body nol ecul e
and _ Dat e:
- 52 -

described for the ELISA assay hereinabove with
preincubation of the antibody with fibrihogen in
solution. Briefly, hybridoma supernatant was

s incubated at 37°C for 30 minutes with solutions of
fibrinogen at physiological concentrations (4mg/ml)
containing BSA (10mg/ml) to prevent non specific
binding of antibody to fibrinogen. The
fibrinogen/antibody solution was then transferred to

10 Wwells of a microtiter plate which had been coated with
fibrin. GlyProArgPro (GPRP) was added to the
fibrinogen inhibitor to prevent possible

polymerization'of fibrinogen by residual thrombin in

the fibrin wells. The assay is then performed as a

15 conventional ELISA assay for antibody bound to an

immobilized antigen. In all experiments to test the

fibrin specificity of the MH1 antibody a second
antibody 45J was used as a control.

45J crossreacts
with fibrin and fibrinogen.

20
5.5.1. DETERMINATION OF CROSSREACTIVITY
WITH FIBRINOGEN
’ 5.5._1..1-

IMMOBILIZED FIBRIN AND FIBRINOGEN
The cell line MH1 produces a murine monoclonal
25 antibody which crossreacts with fibrin when it is

immobilized on the surface of a PVC microtiter assay

plate (table S). 1In the same assay the antibody does

not recognize fibrinogen immobilized on the plate.

the data on table 5 indicate, there is a dramatic
30 increase in immunoreactivity once fibrinogen is

converted to fibrin by thrombin, indicating clearly

the exposure or formation of a neoepitope on the
fibrin molecule.

As’

The control antibody, 45J, however
clearly recognizes an epitope which is conserved when
. fibrinogen is converted to fibrin.
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- 72 - the Fab fragnments which can be generated by reducing the
disulfide bridges of the F (ab' )[err] fragnents. The

anti bodi es of the present invention nay be 5 used in any inmunoassay system
known in the art including, but not limted to: radioi nmunoassays,
enzyme- | i nked | rmunosor bent assays, "sandw ch" assays, precipitin
reactions, gel diffusion i munodiffusion assays, aggl uti nati on assays,

fl uorescent i mrunoassays, protein A 10 inmunoassays and

I mmunoel ectrophoresi s assays, to nane but a few U S Patent No.
4,629, 783 and patents cited thereiq_?%go descri be suitabl e assays.
The anti bodi es may be used as the basic gents I n a nunber of

di fferent i mMmunoassays to determ ne the 15 presence of the soluble
crosslinked and sol ubl e non- crosslinked DesAABB fibrin polynmers in a

sanpl e of bl oo 5, 3.9, Oldpdtyrdy WEearaPFrf! FYeRPE A4 D IrrhREnE0k), Podi es
The fibrin specificity of the antibody, MH1
- antibody, was further demonstrated in a competition
s assay in which hybridoma supernatant was preincubated
with a fibrinogen so;ution (final concentration of 4
mg/ml) prior to an ELISA on fibrin coated wells.
Since such a high level of fibrinogen was used in this
competition assay (x500 that of the antibody
10 concentration) BSA (10 mg/ml final concentration) was
added to the mixture. The peptide GPRP was added to
prevent fibrin polymerization by residual thrombin on
the fibrin coated wells. The results of this assay
indicate that the MH1 antibody does not recognize
15 fibrinogen in solution (Table 6).

Assuming 400 ng. of fibrin binds to each well of
- the microtiter assay plate, then the fibrinogen level
used in this particular competition assay represents a
1,000 fold excess over the bound fibrin antigen.
20 addition it represents a 400 fold excess of the
antibody level in the tissue supernatant.

In

TABLE 5

Crossreactivity of MH1 Antibody with
25 Fibrinogen and Fibrin Antigen

A5/ 30 min,

Eibrin Fibrinogen
30 M1 .90 .025 -

453 1.65 1.50




can be enpl oyed in any type of imunoassay, whet her
quantitative. This includes both the two- 20

single site i Mmunoassay of the non-conpetitive type, as well as
tradi tional conpetitive bi ndi ng assays. Particularly
preferred, for ease of detection, and its quantitative nature, is the

sandw ch or double 25 antibody assay, of which a nunber of variations
exist, all [

of which are intended to be enconpassed by the present
i nventi on.

For exanple, in a typical forward sandw ch
assay, unlabeled antibody is immbilizedSn=-a solid 30 substrate, e.g.,

mcrotitre plate wells, and the sanple to be tested is brought into
contact with the bound nol ecul e. After a suitable period of

i ncubation, for a period of time iﬂLﬁlglent to allow formation of an
ant i body- anti gen bi nary conpl ex, "a"second anti body, labelled with a

35 reporter nolecule éaaabkeaaf.wﬁs#xafnm fatepbap! witn Fidrin i's then
added and incubation is contin drensineg of Fibrinogen

qualitative or
site sandw ch assay and the

A5/ 30 min.

+fibrinogen =fibrinogen

45J 0.438 1.74

5.5.2. DETERMINATION OF CROSSREACTIVITY

WITH FIBRIN(OGEN} DEGRADATION PRODUCTS

15 Fibrinogen degradation products (FDPs) were
prepared by incubating fibrinogen with plasmin at 37°cC
for time periods ranging from 10 minutes to 3 hours.
At the desired time fibrinogenolysis was stopped by
the addition of Trasylol (100 Kallikrein inhibitor

20 units/mL) and 20 nM epsilon amino caproic acid (EACA).

. Crosslinked fibrin degradation products (XLFDPs)
were prepared by the addition of thrombin (4NIH
units/mL) to a fibrinogen solution (5 mg/mL) in Tris
buffered saline (TBS, pH 7.4, 50 mM Tris HCl, 150 mM

25 NaCl) containing 10 mM CaCl,, plasminogen (0.25 mg/ml)

and urokinase (50 IU/mL). The mixture was incubated

at 37°C and the plasmin digestion terminated at

different time intervals as described herein-above for
the FDPs.

30 To determine crossreactivity of the antibody with

fibrin degradation products and fibrinogen degradation
products the appropriate degradation products were
coated onto microtiter plates and ELISAs were
performed by conventional methods. As the results in
Table 7 indicate, the MH1 antibody does not crossreact
with any plasmin generated fibrinogen degradation

35
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- 73 - sufficienf time for'binding with the antigen at a different

site and the formation of a ternary conpl ex of anti body- anti gen-1| abel ed
anti body. Any unreacted material 5 is washed away,

and the presence of the
antigen is determ ned by observation of a signal, which nmay be
guantitated by conparison with control sanples (standards) cont ai ni ng
known anounts of antigen.

) Variations on the forward sandwi ch assay
i ncl ude the sinmultaneous assay, in 10 which both sanple and anti body are
added sinul taneously to t he bound anti body,

or a reverse sandw ch assay
I n which the | abelled anti body and $&nple to be tested are first
conbi ned, incubated and added to the unl abell ed surface

products. As table 8 indicates, the antibody does not

react with XL-fibrin degradation products. This
observation also was made when the antibody was tested
g for crossreactivity by Western blotting analysis.

The conclusion can be drawn that the antibody
recognizes an epitope of the intact fibrin molecule
which is not present or exposed on the surface of the
precursor molecule, fibrinogen. The epitope is

10 apparently destroyed by plasmin digestion of
crosslinked fibrin as the data in table 8 suggest.

Accordingly, the MH1 antibody is a fibrin-

specific monoclonal antibody which can be defined as
follows:

15 For the purpose of the éubject invention a

fibrin-specific monoclonal antibody is a monoclonal
antibody that: '

1. in a competition assay to measure crossreactivity

with fibrin and fibrinogen, as described
hereinabove, the monoclonal antibody has less
than about 75%, and preferably less than about
10%, crossreactivity with fibrinogen when
fibrinogen is utilized in a quantity of a 1,000
fold excess as compared to f£ibrin,

20

in an assay to measure crossreactivity with
crosslinked f£ibrin and. £ibrin degradation
products, as described hereinabove, the
reactivity of the monoclonal antibody with the
fibrin that has been digested with plasmin for
30 about three hours is less than about 50%, and
preferably less than about 40%, of the reactivity
of the monoclonal antibody with fibrin at time
zero, and
in an assay to measure crossreactivity with
fibrinogen and fibrinogen degradation products,
as described hereinabove, the reactivity of the

35
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bound anti body. These techniques are well known to those 15 skilled in the

art, and the possibility of m nor variations will be readily apparent.
As used herein, "sandwi ch assay" is intended to enconpass al

variations on the basic two-site technique. As a nore
specific exanple, in a typical forward 20 sandw ch assay, a primary

anti body is either covalently or passi vely bound to a solid support.
The solid surface is usual ly glass or a polyner, the nost comonly
used - pol ymers being cellul ose, polyacrylam de, nylon,

pol ystyrene, polyvinylchloride or polypFodpgl ene. The 25 solid supports
may be in the form of tubes, beads, discs or mcroplates, or any other
surfaces suitable for conducti ng an i munoassay. The bindi ng processes
are wel | known in the art. Follow ng binding, the solid phase-

anti body conplex is Wﬁ§ﬁ€&°ﬂﬁ1pP@ﬁéP&ﬁVoWlFBrfﬂﬁ€19959n thats deem
al i quot of the body Hligegted hdthepladmin EbeNabout foddethdurd g @ i d

bini ng_of any sol uppEeacet tarf tne. realEiy Ry Rt TR BRI A: and

sol ubl e s cross| iamtddotiys Wik fﬁxthanmwym:r Yimes @@ra.o the anti body

35 specific for the ahyenr %ﬁii'b% Thiass feeid it \etaracterizdden

added to the SOlldd£E§¥%fﬁ¥H%(v% ffl 29%%gjggbr1n. The affinity
was determined by Scatchard analysis (Frankel et al.,
Molecular Tmmunology, 16, 101-106(1979)) using-lzsI—

10 labelled MH1 antibody. The value obtained for the
dissociation constant K, was 6.7 x 10 M. Such
affinity is about 5,000 times that of the affinity of
t-PA for fibrin.

It has also been determined by Western

1s Immunoblotting analysis that the MH1 antibody does not
crossreact with the Ac, Bf or gamma chains of
fibrinogen. Also, it has been determined by the same
method of analysis that the MH1 antibody does not
crossreact with thrombin treated Aa or BS chains of

20 fibrinogen. (Thrombin treatment of fibrinogen results
in the release of fibrinopeptide A and fibrinopeptide
B from the Aa chain and B chain, respécﬁively,
therefore forming the a chain and 8 chain of fibrin.)

This is the replacement sheat




- 74 - additional period of time sufficient to allow the second
anti body to bind to the primary anti body-antigen solid

phase conpl ex.
The second antibody is linked to a 5 reporter

nol ecul e, the visible signa
of which is used to i ndicate the binding of the second antibody to any
anti gen in the sanple. By "reporter nolecule", as used in the pr esent
specification is neant a nolecule which by its
- §7 =
TABLE 7

Crossreactivity of MH1 Antibody
with Fibrinogen Degradation Products

5
Plasnin Digestion Time
(nins) A405 pav30 ein
MH1 453
10
0 0.15 1.037

10 0.10 nm

20 0.11 1.02

40 0.11 0.410
is5 )

240 0.09 0.300
20

TABLE 8

Crossreactivity of MH1 Antibody
with Fibrin Degradation Products

25 Plasmin Digestion Time

_ (hours) P05 st i
MHL 453
o 0.890 1.40
30 "3 0.354 1.0
s 0.310 0.77

In addition, as the results in Table 7.indicate, the
control antibody, 453 antibody, binds to fibrinogen and

35 does not.crossreact with fibrinogen degradation products.
Accordingly, such a monoclonal antibody is a fibrinogen-
specific monoclonal antibody and represents another aspect




chem cal nature, provides an analytically detectable 10 signal which allows
the detection of antigen-bound ;anti body. Detection nust be at | east
relatively gquantifiable, to allow determ nati on of the anount of
antigen in the sanple, this may be cal culated in absolute
be done in conparison with a standard (or
contai ning a known nornal |evel of antigen. The nost
commonly used reporter nolecules in this type of assay are either
enzynes or fluorophores. In t he case of an enzyne i munoassay an enzyne
I's conjugated 20 to the second anti body,

often by means of gl utaral dehyde
or periodate. As will be readily recogni zed, however, a W de variety

of different conjugation techniques £xggst- which are well known to the

skilled artisan. Conmonly used enzynes include horseradi sh peroxi dase,
gl ucose 25 oxi dase,

[err]-gal act osi dase and al kal i ne phosphat ase, anong
ot hers. The substrate |

wth the ecific enzynes are -

generalIy-cho§€ntP8rs%Hégﬁggﬂﬁéggﬁﬁ?‘uﬂ%ﬁ figrg?@&ﬁﬂﬂﬁR§F§fB?ythe
cor r espondi ng menegikenadbfantihedyc canl ke utilizefioin ckmindamufoasssaanpl e,
p- ni trophenyl ¢natsplfit BeivtiliYed toi debdrhine placma £ibvrdnbgbh NEewds phat ase
conj ugat es; .f ofy yitro, PERRS| {53F AntaBOEP AbS bebn’E %ﬁ%@?&@fzé’&
toluidine in Trat” LRASVbdSS Ueteinifed SR W2’ 255 ddeamR' &Y on

the o chain of fibrinogen in the region from about amino

acid 206 to about 424 and most likely in the region from

about amino acid 207 to about 231. For the purpose of the

10 Subject invention, a f£ibrinogen-specific monoclonal

antibody is an antibody that in an assay to measure

crossreactivity with fibrinogen and fibrinogen degradation
products, as described hereinabove, the reactivity of the
‘monoclonal antibody with fibrinogen that has been digested

15 with plasmin for about 40 minutes is less than about $0%

of the reactivity of the monoclonal antibody wiﬁh
fibrinogen at time zero. '

ternms, or may
15 series of standards)

The 45J hybridoma was made by conventional techniques
utilizing a conventional Balb/c mouse wherein the mouse
20 Wwas immunized with fibrin.

! However, ' £ibrinogen also can
be utilized as the antigen.

$.5.3. DETERMINATION OF CROSS REACTIVITY
WITH goucnossunxm FIBRIN AND
NONCROSSLINKED FIBRIN CIOTS -
It has been demonstrated by ELYISA that the antibody
25

MH1 crossreacts with not only crosslinked f£ibrin (XLFn)
but alsoc noncrosslinked £ibrin (NONXLFn). The ELISA was
performed as follows: C

1. 96 well microtiter assay plates were coated with

100ul of a fibrinogen solution (S0ug/mL in borate (pHS.S)
saline buffer) at 4°C overnight.
2.

30

Crosslinked fibrin was formed in the fibrinogen
coated wells by incubation for 1 hour at 37°C with a

thrombin solution (1ONIH units/ml) in Tris buffered saline
(TBS, pH 7.4, SOmM Tris HC1, 150m NaCl), containing 2mM
3s

CacCl, and 10mM cysteine.
fhbistherepbcementsheet
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quorbgenic substrates, which yield a fluorescent product
t he chronbgeni ¢ substrates noted above.

In 35 all cases, the
enzyne-| abel l ed anti body is added to the first antibody conplex and
allowed to bind to the conpl ex, -
75 -. then the excess reagent is washed away. A solution cont ai ni ng
the appropriate substrate is then added to the tertiary conpl ex of
anti body-anti gen-1abell ed anti body.

rat her than

3. Noncrosslinked fibrin was forméd in the

fibrinogen coated wells by incubation for 1 hour at 37°C
with a thrombin solution (10 NIH units/ml) in phosphate

¢ buffer (pH 6.1) containing EDTA to a final concentration
of 0.0125M. '

4. The bound antibody was determined by incubation
with an antimouse alkaline phosphatase conjugate. Bound
conjugate was determined by the addition of an alkaline

10

phosphatase substrate and the resultant colorimetric
reaction monitored at 405nM in an automatic plate reader.

The results of the assay are shown in Table 9 and it
can be concluded that the antibody crossreactivity with
crosslinked fibrin is greater than it is with

315 noncrosslinked fibrin. The simplest explanation being
that the covalent crosslinking present in the crosslinked
polymeric structure serves to lock or freeze the

conformation which the antibody recognizes.

In the
noncrosslinked species the conformation, although it is

formed, it is not stabilized by covalent bonding of the
polymer.

It has also been demonstrated that the antibody
crossreacts with both crosslinked and noncrosslinked
clots, formed in vitro. Crosslinked fibrin was prepared
by incubating a fibrinogen solution (In Tris (S50mM, pH7.4)
saline, containing caCl, (2mM) and cysteine (10mM)) with
thrombin (IONIHK units/ml) for 3 hours at 37°C. The non-
crosslined fibrin was formed by incubating a fibrinogen
solution (3mg/ml) in phosphate buffer (pH6.1) containing

EDTA to a final concentration of 0.0125M with a thrombin
solution (1ONIHK units/ml) for 3 hours at 37°C.

30

After
formation of the clots, they were washed and incubated at

37°C with 400ul of a 1% BSA solution containing »Iodine~
labelled MH1 antibody.

small aliquots of salution were

a5 removed at different time points and the amount of

This is the replacement shest
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5 The substrate reacts with the enzyne linked to the second ant i body,

giving a qualitative visual signal, which may be further quantitated,
usual | y spectrophotonetrically, to gi ve an eval uation of the anmpunt of
antigen which is present in the serum sanple. 10 Al ternately,
fl uorescent conpounds, such as fluorescein or rhodam ne, may be
chemcally coupled to anti bodies without altering their binding
capacity. Wen activated by illumnation with Iight of a particular

wavel ength, the fluorochrone-1|abell ed anti body absorbs the 15 |ight energy,
i nducing a state of excitability in the 60 —nolecule, foll owed by em ssion
of the light at a characteristic | onger wavel ength. The em ssion
appears as a characteristic color visually detectable with a |ight

m croscope. As in .the enzyne i nmmunoassay (EIA), the 20

f1 uor escent - | aBBEARRAYN VP Wasy defgERingdpPyd coyntiag the plagma in a
ant i gen- conpl egyamiht ebuntei.ng t he unbound reagent, t he remai ni ng

ternary conplex is expo 0.hig rQpri.at
wavel engt h, and thetr?ﬁ}&r é@c%ﬁ‘g’é}sobéggr\h/%ﬁ&e Ofi é\}{?&% %ﬁ'e b&@%é’r’f& of
the antigens | RORFEOsFdiakeash@nd oyogsd ipked edigtisqgues are both very wel |

established in the art and are particularly preferred for the
pr esent - met hod. However, other reporter nolecules, such as
r adi oi sot opes, chem | um nescent or bi ol um nescent nol ecul es nmay al so
be
T s the ronigcsmont sheal
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enployed. It wll be readily apparent to the skilled
vary the procedure to suit the required use.

Alternatively, the sanple to be tested, either manmal i an bl ood .or
ot her body fluid containing the sol uble non-crosslinked fibrin
DesAABB pol yner and the soluble 35 crosslinked DesAABB fibrin pol yner
be used in a single site i munoassay wherein it is adhered to a
solid

- 76 -

30 artisan how to

may

- 61 -~

TABLE 9 )
crossreactivity of MH1 Antibody with Crosslinked ana

Noncrosslipked Fibrin

S5
Antibody Crosslinked Noncrosslinked
Concentration Ribrin __ Fibrin
(ng./ml.) (Absorbance at 405 nanometers)
100.000 0.764 0.409
10 $0.000 : 0.460 0.319
25.000 0.305 0.154
12.500 0.174 0.074
6.250 , 0.069 0.000
1s
' TABLE 10
Crossreactivity of MH1 Antibody with Crosslinked
and Noncross ed X Clots
20 Eibrin Clot % Uptake of Labelled Antibody After & Hours
Crosslinked 79%
Noncrosslinked 76%
25
5.6. DEPOSIT OF HYBRIDOMA
MH1 and 453 were deposited in the American Type
Culture Collection (ATCC)} on June 9, 1988 and given
30

accession number HB 9739 and HB 9740, respectively. The
ATCC is located at 12301 Parklawn Drive, Rockville, MD.
20852. MH1 antibody is an IgG, antibody with a kappa light
chain and it has been ohbserved that the MHI antibody

crossreacts with not only human fibrin but also rabbit

' Thig |
A S
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substrate either covalently or noncovalently. An
brought into contact with the sanple bound on the solid substrate. After
a suitable period of 5 incubation, for a period of tine sufficient to

al | ow formati on of an anti body-antigen binary conplex a second
anti_body, , |

_ | abel led with a reporter nol ecul e capabl e of I nducing a
detectabl e signal, is then added and i ncubati on

I's continued all ow ng
sufficient time for the formation of 10 a ternary conplex of

anti.gen-anti body-1| abel ed anti body. For the single site i Mmunoassay, the

second anti body may be a general antibody (i.e., zenogeneic antibody to
I mmunogl obulin, particularly antl-(IgNIand lgG linked to

a reporter
nmol ecul e) that is capable of binding™ af2 15 anti body that is specific for
t he sol ubl e crosslinked

fibrin polymer and the sol ubl e non-crosslinked
fibrin pol ynmer . The detection and neasurenent of
sol ubl e non- ahessubiect inentbenfidmiot Ankpaaed eothesalinbtea 20
crosslinked De

i [ t [ ef ul
crosslinked | e%/i%%ct . OnJan b ehqumasmae Xépd #ﬁﬁ but thay d:.“eui.F\ELXdél?

patients, to obtdf Fily en‘iﬁﬁﬁ%oﬁf oRYR ﬁﬁ& B’F@ﬁ%&asm
t hronbot i ¢ evefibrin-spesificcpenecionalgantibedy And #p

ABrinpgsn-exi st i ng

specific monoclonal antibody, as defined herein. Any cell
line that is functionally equivalent is within the scope
of the subject invention. By the term "“functionally
equivalent® it is meant that an antibody is capable of
competing with the MH1 antibody or 45J antibody in binding
to the epitope of fibrin to which the MH1 antibody binds
or to the epitope of fibrinogen to which the 453 antibody
binds, respectively. In addition, such term includes
fibrin-specific monoclonal antibodies and fibrinogen-
is Specific monoclonal antibodies, as defined herein, that
bind to an epitope different from that which the MH1
antibody binds and the 453 antibody binds, respectively.

unl abel ed anti body is

10-

$.7. IN VIVO DIAGNOSTIC AND THERAPEUTIC USES
20 ———————FOR FIBRIN-SPECYFIC MONOCLONAL ANTYBODIES

5.7.1. ¢ S S O

The fibrin-specific monoclonal antibodies of this.
invention are capable of targeting f£ibrin clots or
aggregation of £ibrin in wvivo. They can, therefore, be
used in humans for localization of possible tissue or
vascular damage and for monitoring of vascular diseases.
‘A fibrin-specific monoclonal antibody is particularly
preferred for this use because such monoclonal antibody
will not bind to fibrinogen, fibrin degradation products
30 and fibrinogen degradation products, thereby reducing
background, which permits one to moxe precisely localize
the £ibrin clot or aggregation of f£ibrin.

For this application, it is preferable to use
purified monoclonal antibodies. Preferably, purification
may be accomplished by HPLC methods. Purification of
monoclonal antibodies for human administration may also be

25

385
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25 thronbosis. See, e.g., W N euwenhuizen, p. 94, Bang and
pp. 109-122, and Narder

et al. U S Patent No. 5, 206, 140. Such events
i nclude, for exanple, deep vein t hronbosis ("DVT"), a condition which
arises as a result

of blood clot formation in the deep veins of the
| eg; 30 pul monary enbolism (PE),

whi ch arises when a thronbus
(bl ood clot) becones dislodged fromthe deep veins and

t he pul nonary vascul ature; di sseni nat ed
which arises as a result of

Chang,

enbolizes to
i ntravascul ar coagul ati on

system c activation of the blood
clotting cascade (e.g., 35 in bacterial infection); nyocardi al
infarction (M), which arises as a result of a thronmbus occl uding
t he coronary - 63 -

accomplished by ammonjum sulfate or sodium sulfate

precipitation followed by dialysis against saline and
filtration sterilization. Alternatively, immunoaffinity
chromatography techniques may be used to purify the
monoclonal antibodies.

The purified monoclonal antibodies can he labelled
with radiocactive compounds,. for example ¥ y, W 3y, K W 1,
Ymrc, Y In, and administered to a patient intravenously.
The antibody also can be labelled with a magnetic probe.
NMR can then be utilized to pinpoint the clot. After
localization of the antibodies at the clot or fibrin
aggregation they can be detected by emission tomographical
and radionuclear scanning techniques thereby pinpointing

the location of, for example, the thrombus or fibrin
encapsulated tumor.

10

is

By way of illustration, the pi.u:ified monoclonal
antibody is suspended in an appropriate carrier, e.g.,
saline, with or without human albumin, at an appropriate
dosage and is administered to a patient. The monclonal
antibodies are preferably administered intravenously,

e.g., by continuous intravenous infusion over several
hours.

20

25 $.7.2. TREATM OF VASCULBR DISEASES

The monoclonal antibodies of this invention can be
used in conjunctlon with a broad range of pharmaceutical
agents such as cytotoxic reagents and thrombolytic
reagents, e.g. t-PA, urokinase streptokinase, and other
proteases that are capable of lysing £ibrin. Such use is
particularly preferred because the fibrin-specific
monoclonal antibodies of the subject invention permit a
very efficient use of such reagents because none of the
reagent will be lost by binding to fibrinogen, £ibrin
degradation products or fibrinogen degradation products.

30

35
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arteries which supply blood to the heart nuscle; stroke; and
i ntracardiac thronbi forned as a result of atrial

fibrillation. The type
of thronmbotic event can be 5 diagnosed by use of the assay for detection
and - rmeasurenment of sol uble non-crosslinked DesAAB fibrin

pol ynmers and
sol ubl e crosslinked DesAABB fibrin polyners i n conmbination with
observation of other patient synptons

: The synptons utilized are those
whi ch woul d be commonly 10 utilized in clinical

di agnosi s of an inpendi ng
t hronbotic event. For exanpl e,

sai d detection and neasurenent of
sol ubl e DesAABB fibrin polyners is particularly useful as a neans of

differentially diagnosing patients wth chest. pain due to |npend|ng M
frompatients with chest pain due 15 @ ot her conditions. 6 3
EXAMPLES OF MATERI ALS & METHODS 6. 3 .1. PROTEINS

Bovi ne Serum Al bumi n and Thronbin were both 20 purchased from I CN (Cbsta
Mesa, CA). Fﬂrum

For vdrious reviews on the subject, see Bale et al., 1980,
cancer Research, 40:12965-297; Ghose and Blair, 1978,
J.Natl. Cancer Inst., 61(3):657-676; Gregoriadis, 1977,
Hature, 26531407-411; Gregoriadis, 1980 Pharmac. Ther.

10:103-108; and Trouet et al., 1980, Recent Results Cancer
Res., 75:229-235.

The methods used for binding these agents to the
monoclonal antibody molecule can involve either non-

10 covalent or covalent linkages. Since non-covalent bonds

are more likely to be broken before the antibody complex
reaches the target site, covalent linkages are preferred.
For instance, a carbodiimide bond can be formed between

the carboxy groups of the pharmaceutical agent and the

15 amino groups of the_antibody”ﬁolecule. Bifunctional

agents such as dialdehydes or imidoesters can be used to
link the amino group of a drug to amino groups of the
antibody molecule. The Schiff base reaction can be used
to link drugs to antibody molecules. This method involves
the periodate oxidation of a drug or cytotoxic agent that
contains a glycol or hydroxy group, thus forming an :
aldehyde which is then reacted with the antibody molecule.

Attachment occurs via formation of a Schiff base with
amino groups of the antibody molecule.

20

Additionally,

drugs with reactive sulfhydryl groups have been coupled to
antibody molecules.

28

6. o ON_2AN (o3 B N
6.1 BACKGROUND |
" ap As described above, see Section 5.1, the

hemostatic mechanism involves a complex sequence of

reactions, by which f£ibrinogen is ultimately converted by
thrombin to f£ibrin. The end result of these reactions is
the formation of a thrombus (blood clot). The seguence of

reactions may be simply represented by a three step
process as follovws:

3s
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hor ser addi sh per oxi dase and o- phenyl enedi am ne di hydr ochl ori de
substrate tablets were all purchased from Si gma Chem cal Co. (St
Louis, MO . Human fibrinogen (grade L) was purchased from Hel ena
Laboratories 25 (Beaunont, TX). Fibrinogen was further purified by
ammoni um sul phate precipitation as described by Hol m et al., Thronb.
Res, 37:

165-176 (1985). The anti-fibrin nonocl onal anti body, M
used in the assay system was

produced as descri bed; section 5 above.
The. 30 antifibrinogen nonocl onal antibody, 45J, was produced as
descri bed, section 5 above. DesAABB fi brin nonomer was
prepared by di ssol vi ng non-crosslinked fibrin polyner
of 50

In a solution
MM sodi um acetate buffer SQH.5-3) cont ai ni ng sodi um 35
br om dei m

Thrombin.
Step 1 - Proteolysis: Fibrinogen —->
Fibrin Monomers + Fibrinopeptides A and B

Step 2 ~ Polymerigation: Fibrin monomers &
Soluble Fibrin Polymers

Step 3 -~ Clotting:

Soluble Fibrin Polymers ~>
10 Fibrin Clot

Fibrinogen is composed of three pairs of non-
identical polypeptide chains: Ae, Bf and y. See L.

Stryer, Biochemistry, Third Edition p. 249, W.H. Freeman
45 208 Company New York (1988). 3In the initial step, whereby
fibrinogen is converted to fibrin, shown above as step 1,
fibrinogen is cleaved by thrombin to release
fibrinopeptide A from the amino-terminal ends of the two
f£ibrinogen Aa-chains.

The resultant monomer is the DesaA
20 £ibrin monomer.

As also shown above in step 1,

simultaneously, but more slowly, thrombin alsc cleaves
£ibrinopeptide B from the amino-terminal ends of the two
£ibrinogen Bf~chains. As a result of the f£ibrinopeptide
release, new amino-terminals are exposed on the f£ibrin «

25 and f§ chains. As depicted above, the molecules formed in
step 1 are fibrinopeptide A, fibrinopeptide B, and the
£ibrin monomers DesAA £ibrin monomer, and DesAABB fibrin

nonomer, shown above as “£ibrin monomers". See
W.- Nieuwenhuizen, Blood Coagulation and Fibrinolveis,

30 -4393-96 (1993). As shown above in step 2, the fibrin

monomers then form both non-covalent (non-crosslinked) and
covalent (crosslinked) polymers to form soluble fibrin
polymers. As shown above in step 3, the soluble fibrin
polymers then form the £ibrin clot.

35 Soluble £ibrin is defined as any molecular
species originating from fibrinogen or fibrin that can
lead to fibrin polymer formation or any fibrin(ogen)
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- 78 - Crosslinked sol ubl e DesAABB fibrin polynmers were
produced by incubation of fibrinogen or citrated plasm

wth a lowleve
of thrombin (0.025 units/m) for 7-8 | mnutes. The reaction m xture al so
cont ai ned Factor

XI'lla. The reaction was quenched by the addition of
hirudin to the reaction m xture, final concentration 10 ATU M ).
Non- crosslinked sol uble. DesAABB fibrin polyners 10 were produced by
i ncubating citrated plasnma or fibrinogen with a solution of thrombin
cont-ai ni ng EDTA (12 nM fi nal concentration) for 7-8 mnutes at 37
[err]C. The reaction was guenched by the addition of excess hirudin to
the reaction -m xture, (final

concentration 10 ATU m ). 15
6.3. 2. MHL AND 45J HORSERADI SH PERO@EDASE

derived molecular species which has a molecular weight
greater than the molecular weight of native fibrinogen,
and is maintained in solution in blood. Non-crosslinked
and crosslinked DesAABB £ibrin polymers, formed in step 2
above, are two of the several species of soluble £ibrin
and are also two species of soluble f£ibrin polymer.
Additionally, the term soluble f£ibrin includes various
other speciesi for example, DesAA £ibrin polymers,
complexes formed by interactions between fibrin monomers
(either DesAA or DesAABB f£ibrin monomers) and the
fibrinogen degradation products X, ¥, D and E (see Section
5.1 above for a description of these degradation products)
and also, for example, DesAA and DesAABB monomers in
complex with fibrinogen, see Nieuwenhuizen, pp. 93-94.

~ Soluble £ibrin polymers are the immediate
precursors of the insoluble £ibrin, i.e., the clot, and
consequently the plasma levels of the soluble fibrin
polymers are believed to be elevated in individuals with

impending or existing thrombosis (intravascular blood clot
formation).

10
15

20

The detection and measurement of the amount
of these polymers in blood, in particular the DesAABB .
soluble f£ibrin polymers would therefore, be useful as an
indication of incipient blood clot formation. See Bang
and Chang, pp. 119-121, and Nieuwenhuigzen, p. 94, Marder
et al. United states Patent No. §,206,140.

Certain species of soluble £ibrin have
previously been detected or measured and detected using a
variety of methods including, for example, measurement of
fibrinopeptide A, wmeasurement by using antibodies to the
Ac and vy epitopes éxposed upon conversion of fihrinogen to
£ibrin, Nieuwenhuizen, 94-96, and measurement of D-dthers,
Marder et al. United States Patent No. 5,206,140. Other
nethods used to detect or measure and detect soluble
£ibrin include, measurement of agglutination of
erythrocytes coated with fibrin in the presence of soluble

3s
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CONJUGATE (adapted from Wl son and Nakane,
| mmunof | uorescence and Rel ated Stai ni ng

Knapp, et al. (eds), pp. 215- 224, El sevier/North

Hol | and Bi onedi cal 20 Press, Amsterdam (1978))

Hor ser adi sh peroxidase (HRP) (Rz>3) (10 ng) was dissolved in 1 m of
distilled water. A freshly prepared solution of O 1M sodi um peri odate
(0.4°mM) was added and m xed gently for 20 m nutes. The solution was
then 25 transferred to a sodium acetate buffer (1% mM pH 4.4) at

4[err] C using a Centricon 10 m cro-concentrator. The pH of
the solution was raised to 9.5 by adding 40 [err]l of 0.2M sodi um
car bonat e- bi car bonat e buf fer (PEH9.5). ML antibody (20 ng) in 2.0 m
of O OLM sodium 30 carbonate-bi carbonate buffer (pH 9.5) was then added
wi t hout delay. This solution was m xed gently at room tenperature for

2 hours after which 0.2 m of a freshly prepared sodi um bor ohydri de
sol ution (4 nfikrinyselagielusion chropatagxaphyy wateappbaneenentsefnd for 2

hours at 4[ er plésmindfen activation ynaheypliasnhdgenodptiitaw H-Paqt e was
di al yzed seeaﬁﬁéﬁ%n!ﬁi?ﬁeﬁ,l At .5 oA, BBRaRd) 8 Rokhfrine sulfate
s gelation, N-terminal analysis of fibrinogen fractions
purified from plasma, incorporation of “C-labeled glycine-
ethfl ester and agarose gel chromatography, see Bang and
Chang at pp. 111-118. _Rone.of these tests detects and
measures specifically both soluble crosslinked and soluble
10 nhon-crosslinked £ibrin polymers.

6.2 IN VITRO ASSAY FOR SOLUBLE CROSSLINKED FIBRIN
POLYMERS AND SOLUBLE NON-CROSSLINKED FIBRIN
POLYMERS

Techni ques,

The present invention is based upon the

15 discovery that it is possible to provide an in vitro assay
to detect and measure the amount of soluble crosslinked
DesAABB fibrin polymers and soluble non-crosslinked
DesAABB f£ibrin polymers, which polymers are composed of
DesAABB £ibrin monomers, in an assay system wherein there

20 is no detection of (a) fibrinogen, (b) fibrinogen

. degradation products, (c) DesAA £ibrrin monomers, (d) DesAA
£ibrin polymers, (e) DesAABB fibrin monomers, (f) .
crosslinked fibrinogen (Factor Xllla treated fibrinogen),
(g) DesAA f£ibrin monomer-fibrinogen complexes and (h)

25 fibr;n degradation producﬁs (%spepies (a)=(h)"). The
£ibrinogen degradation products and the fibrin degradation
products are those generated by plasmin digestion of
fibfinogen or £ibrin as described in Section 5.5.2 above.

It is believed that the above described assay is

30 particularly useful in the clinical diagnosis of
conditions characterized by thrombosis.

The assay may be carried out utilizing any
suitable sample of body f£fluid but is preferably done
utilizing as a sample mammalian blood. Suitable mammals

35 include for example rabbits, monkeys, and humans with
humans being most preferred.
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- 79 - The conjugate was stored in a brown container at
2-8[err]C

6. 3.3. BLOOD SAMPLES
were acquired with consent from

ener gency room patients who presented clinical synptons of M,

e.g.,
sever-e chest pain. The bl ood sanples were collected into sodium 10
citrate using vacutainers (Becton D ckinson). Plasm was

Bl ood sanpl es
bot h heal t hy vol unteers and from

In such in vitro assays, any means, known or to
be developed, of detecting soluble crosslinked DesAABB
£fibrin polymers and soluble non-crosslinked DesAABB fibrin
polymers which means does not detect species (a)=(h) can
be utilized. Once detected, the soluble crosslinked
DesAABB fibrin polymers and soluble non-crosslinked
DesAABB fibrin polymers in a sample can be measured either
by comparison to a control sample or by use of standards
having known amounts of soluble crosslinked DesAABB fibrin
polymers and soluble non-crosslinked DesAABB fibrin
polymers which standards contain none of species (a)-(h).

10

It is to be noted that a means of detection is
any means by which one is able to determine the presence
of the material of interest in a sample. A preferred
means of detection is an antibody to the soluble
crosslinked DesAABB f£ibrin polymers and the soluble non-
crosslinked DesAABB fibrin polymers, which antibody does
not cross—-react with (a) fibrinogEn, (b) £ibrinogen
degradation products, (c) DesAA fibrin monomers, (d) DesAa
£ibrin polymers, (e) DesAABB monomers, (f) crosslinked
£ibrinogen, (g) DesAA £ibrin monomer-fibrinogen complexes
and (h) f£ibrin degradation products. Said antibody can be
used to detect and measure the amount of soluble
crosslinked DesAABB fibrin polywer and soluble non-
crosslinked DesAABB £ibrin polymer in a sample. S8Such

antibodies include polyclonal or monoclonal antibodies,
preferably monoclonal.

any species.

15

20

25

The antibody can be derived from
Preferably, however, the antibody is of
human or murine, or rabbit origin. In addition, such
antibodies include, but are not limited to chimeric
antibodies, single chain antibodies, and Fab fragments.
An example of such éntibody is the monoclonal

antibody MH1, described in sections 5.5.1 - 5.5.3, and
as also section 5.6 above.

30

It is believed that MHI, in
addition to having the above described binding

I
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separated by centrifugation at 2400RPM f or

15 m nut es. The pl asma was
either used imediately or stored frozen at -70 [err] C
6.3.4. ELI SA PROCEDURE FOR MEASURI NG SOLUBLE FI BRI N
Sol ubl'e fibrin was detected in fresh or frozen

pl asma sanpl es using a
sandwi ch type enzynme-|i nked | rmunoassay system  The capture antibody in

the current 20 invention was the antifibrin MAL anti body. The detection
(or tag antibody) was a HRP conjugate of the sane anti body.

Al ternatively, a HRP conjugate of the antifibrinogen antibody 45J,
coul d be enployed as the taggi ng anti body. 25 96 wel |
pol yvinyl chloride (PVC) mcrotitre pl ates (Costar Canbridge, MA) were
coated with the nonocl onal anti bedge MH by incubation of a 100 [err]]|
sol ution of the Mab (at 50 [err]g/nL) in coating buffer (sodium
bor at e, ph 8.5) for 12-16 hours at 4[err]C Unbound anti body was
renoved fromt shisn he mell r
PBS- Tween solupﬁbﬁkgﬁﬁéi%%ﬁﬁ? Q?sg égf H & §§55§P%§Fﬁutl1 BSA by
i ncubating a 20dREdpr & FQE%‘HH‘I% PGP“BS%\ complex( 1%"4#\ gpsactesigsly for 1
hour at 37[ err]af Minbeynenidhcerdsts efficamnmsce hpans \of idetgcting pl at es
and tappi ng gendnd/ xedelring soluble crosslinked and soluble non-

crosslinked DesAABB fibrin polymers.

30

It is to be noted that two or more antibodies

can be used as the means of detection. Thus, antibodies
with different specificities can be used in combination to

detect and measure soluble crosslinked DesAABB fibrin
polymers and soluble non-crosslinked DesAABB fibrin
polymers in a sample, wherein for exawple, neither
antibody alone is able to form a complex with both soluble
crosslinked DesAABB fibrin polyméfs and soluble non~

crosslinked DesAABB fibrin polymers, whereas the two or
more antibodies can form such complexes.

10

15

Of course, no
one antibody can crossreact with species (a)=-(h):

It is also to be noted that when antibodies are

used it may be necessary to utilize a species specific
20 antibody.

For the production of antibodies, various host
animals can be immunized by injection with soluble
crosslinked DesAABB fibrin polymers and soluble non-
crosslinked DesAABB fibrin polymers as the antigen,
including but not limited to rabbits, mice, rats, etc.
Such polymers can be selectively isolated using, for
example, the MH1 antibody, coupled to a Sepharose MH1
antibody affinity column. Such polymers can be prepared
as follows: Soluble fibrin can first be prepared in vitro
by addition of low levels of thrombin to citrated plasma.
After quenching of the thrombin activity by addition of a
potent thrombin inhibitor such as hirudin, the plasma
samples may be applied to a Sephardse-nxl colunn Such
MH1 column may be prepared by the coupling of MH1 antibody
to cyanogen bromide activated Sepharose 4B (Pharmacia) as
is xnown in the art. See Pharmacia product insert for

25

as
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35 paper towel. Citrated sanples (50 [err]l) containing soluble
fibrin were incubated on the VH -BSA bl ocked wells for 30
- 80 -

_ m nutes at 37[err] C. Unbound material was renoved by

i nversion and gentle tapping of the mcrotitre plates. The wells were

t hen .washed three tinmes with PBS-Tween. 5 Bound soluble fibrin was detected
by first incubating 100 [err]] of PBS-BSA solution of the MH1- HRP
conjugate (or a HRP

- 70 -

methods for preparing an antibody-Sepharose 4B column

using preactivated Sepharose 4B. The soluble fibrin is
initially applied to the Sepharose-MH1l column in the

s bresence of phosphate buffered saline (PBS). After
binding to the Sepharose-MH1 column, in the presence of
(PBS) the soluble fibrin binding to the MHl-Sepharose may
be eluted using a solution of sodium thiocyanate.

After
dialysis against PBS, the soluble fibrin polywer which has

30 Dbeen isolated may be stored at -70°C.

Various adjuvants can be used in conjunction
with the isolated polymers to increase the immunological
response, depending on the host species, .including but not
limited to Freund's (complete and incomplete), mineral
gels such as aluminum hydroxide, surface active substances
such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanin,
dinitrophenol, and potentially useful human adjuvants such

as BCG (bacille Calmette-Guerin) and corynebacterium
20 parvun.

15

Monoclonal antibodies specific for soluble
crosslinked and soluble non-crosslinked DesAABB fibrin
polymers which antibodies do not cross react with species
(2)-(g) can be prepared by using any technique which ”
provides for the production of antibody molecules by
continuous cell lines in culture. These include but are
not limited to the hybridoma technique originally
described by Kohler and Milstein, (Nature, 1975, 256:495-
497), the more recent human B-cell hybridoma technique

25

30 (Kosbor et al., 1983, Immunoloqy Today, 4:72) and the EBV-
hybridoma technigue (Cole et al., 1985, Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-
96) .

In an additional embodiment of the invention

monoclonal antibodies can be produced in gern—free animals

as utilizing recent technology, see sections 5.2-5.4.

‘An




conjugate of an antifibrin(ogen) antibody,
m nutes at 37[err]C. Unbound conjugate was

plate and washing the wells 3 10 tinmes with PBS-Tween. The bound

conj ugate was detected by addition of 100 [ERR]I. of o-phenyl enedi ani ne
di hydr ochl ori de solution for 10 m nutes at

room tenperature. The
substrate solution was prepared by dissolving a table of

0- phenyl enedi am ne di hydrochloride in a sodiumcitrate 15 sol ution
contai ni ng h[ ERR] J ERR] 2.

The cAorinetric reaction was
guenched after 10 m nutes by addition of a 25 [ERRIL sol ution of
H ERR] SO ERR] (1M . The absorbance of the solution in each well
det erm ned at

45J) in the wells for 30
renmoved by inverting the

was
490nmin a Thermdon@* Microtitre plate reader (Ml ecul ar
20 Devices, Menlo Park, CA). 6.3.5 PREPARATI ON OF COLUWMNS
FOR AFFI NI TY - CHROVATOGRAPHY

Sepharose MH1 col umms were
prepared as eRhhpY& of Zhe production ag Shoh rafAdody €6 €venogen brom de
activated D{lﬁ; %Pﬁ

) it ( 'ﬂ!&% t 1 spended in
1 nmM HCO . gr°§& SEQV\%% dfaloP WF tegoag s SGun1\/| HC on a
sintered gI ass fllter ding to EBW“(E‘B“

difss S@hssol ved
in coupling bﬁuseéuﬂi@rca(ro bgmmm@m USM&MM&rhdmﬂ) 5M NaCl ) and
(Cote at al., 1983,

¢ 80:2026-2030)
or by transforming human B cells with EBV v:l.rus in vitro
(Cole et al., 1985, in, Monoclonal Antibodies and Cancer

Therapy, Alan R. Liss, pp. 77-96). In fact, according to
the invention, techniques developed for the production of

“chimeric antibodies" (Morrison et al., 1984,
Acad. Sci., 81:6851-6855; Neuberger et al., 1984

10

0C at

« Nature,
312:604-608; Takeda et -al., 1985, Nature, 314:452-454) by

splicing the genes from a mouse antibody molecule of
appropriate antigen specificity together with genes from a

human antibody molecule of appropriate biological activity

can be used; such antibodies are within the scope of this
invention.

is

According to the invention, techniques described
for the production of single chain antibodies (U.S. Patent
No. 4,946,778) can be adapted to produce specific single
chain antibodies.

An additional embodiment of the invention
utilizes the techniques described for the construction of
Fab expression libraries (Huse et al., 1989, Science,
246:1275-1281) to allow rapid and easy identification of

'~ monoclonal Fab fragments with the desired specificity to

soluble crosslinked and soluble non-crosslinked DesAABB
£ibkrin polymers .

20

25

30 Antibody fragments vwhich contain specific

pinding sites for soluble crosslinked and soluble non-

crosslinked DesAABB fibrin polymers may be generated by
known techniques. For example, such fragments include but

are not limited to: the F(ab'), fragments which can be

a5 produced by pepsin digestion of the antibody molecule and

This is the replacement sheet

Date: 06 JAN 1997



at

t he gel

1M

10

15

20

25

35

gently mxed with the swollen gel in a stoppered vessel for
roomtenperature or overnight at 4[err]

was washed with coupling
Unbl ocked active sites
8.0 (or

81 -

C

was then washed 3 X with 0.1 M

- 72 -

the Fab fragments which can be generated by reducing the
disulfide bridges of the F(ab'), fragments.

The antibodies of the present invention may be
used in any immurioassay system known in the art including,
but not limited to: radioimmunoassays, enzyme-linked
immunosorbent assays, “sandwich" assays, precipitin
reactions, gel diffusion immunodiffusion assays,
agglutination assays, fluorescent immunoassays, protein A
immunoassays and immunoelectrophoresis assays, to name but

a few. U.S. Patent No. 4,629,783 and patents cited
therein also describe suitable assays.

The antibodies may be used as the basic reagents
in a number of different immunoassays to determine the
presence of the soluble crosslinked and soluble non-

crosslinked DesAABB fibrin polymers in a sample of blood
or other body fluid. Generally speaking, the antibodies
<can be employed in any type of immunoassay, whether

qualitative or quantitative. This includes both the two-

site sandwich assay and the single site immunoassay of the
non-competitive type, as well as traditional competitive
binding assays.

‘Particularly preferred, for ease of detection;
and its quantitative nature, is the sandwich or double
antibody assay, of which a number of variations exist, all

of which are intended to be encompassed by the present
invention.

For example, in a typical forward sandwich

assay, unlabeled antibody is immobilized on a solid _
substrate, e.g., microtitre plate wells, and the sample to
be tested is brought into contact with the bound molecule.
After a suitable period of incubation, for a period of
time sufficient to allow formation of an antibody-antigen
binary complex, a second antibody, labelled with a '
reporter molecule capable of inducing a detectable signal,
is then added and incubation is continued allowing
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2 hours

. After m xing,
buffer to renobve excess anti body.

35 were bl ocked by treating with O 1M Tris HJ,

et hanol amine, pH 9.0) for 2 hours at room tenperature.
The anti body-bound gel

pH



Acetate buffer (pH 4.0 containing 0.5 M NaC ) followed by Tris buffer
(0.1M pH 8.0 containing NaCd 0.5M. Coupled 5 anti body was stored at
4[err] C in sodium.azi de sol ution (0.05% . Sephar ose DesAABB
fibrin nmononmer columms were prepared as follows: DesAABB fibrin
mononmers were coupl ed

to cyanogen brom de-activated Sepharose 4B in the
presence 10 of 1M NaBr in 0.1M borate buffer (pH 8.2) using the
procedure descri bed above for preparation of Sepharose

VHL.
6. 3.6 CHARACTERI ZATI ON CF THE SOLUBLE FI BRI N
RECOGNI ZED BY THE I N VI TRO ASSAY 15 FOR SOLUBLE FI BRI N
POLYMERS USI NG MH TO DETECT SOLUBLE FI BRI N
It has been denonstrated above, Sectiwo® 5.5, that the MHL anti body does
not recogni ze fibrinogen, the pl asma precursor of the fibrin polyner
It. was al so shown 20 above, Section 5.5, that the antibody recogni zes
bot h cro a 0, K el | addi tion,
it was shown a oéverui% t ngg {.‘)ozg b‘]ﬁk*@‘ﬂ?ﬁﬂ ‘J'?l HnQ:?JaX radg’t ion of fibrin,
(or any pr oce§ et!'r? Fé&&s‘% "'t"ri"ef° t‘?fuet H“Y:‘FY tIWPLEKr PR pol yneri ¢
structure) cassbibody-antigen—-labeled antibody.

Any unreacted material
5 is washed away, and the presence of the antigen is

determined by observation of a signal, which ma& be

quantitated by comparison with control samples (standards)
containing known amounts of .antigen.

ENTI TY

Variations on the
forward sandwich assay include the simultaneous assay, in

which both sample and antibody are added simultaneously to
the bound antibody, or a reverse sandwich assay in which
the labelled antibody and sample to be tested are first

combined, incubated and added to the unlabelled surface
bound antibody.

10

These techniques are well known to those
skilled in the art, and the possibility of minor
variations will be readily apparent.

15

As used herein,
*sandwich assay" is intended to encompass all variations

on the basic tvwo-site technique.

As a more specific example, in a typical forward

sandwich assay, a primary antibody is either covalently or
passively bound to a solid support.

The solid surface is
usually glass or a polymer, the most commonly used

polymers being cellulose, polyacrylamide, nylon,
polystyrene, polyvinylchloride or polypropylene. The
solid supports may be in the form of tubes, beads, discs

or microplates, or any other surfaces suitable for
conducting an immunoassay.
known in the art.’

25

The binding processes are well

Following binding, the solid phase-

antibody complex is washed in preparation for the test

30 sample. An aliquot of the body fluid to be tested is then
added to the solid phase complex and incubated for a
period of time sufficient to allow binding of any soluble
non-crosslinked DesAABB fibrin polymer and soluble
crosslinked DesAABB f£ibrin polymer present to the antibody

a5 specific for the above proteins.

The second antibody is
then added to the solid phase complex and incubated for an



25 | oss of

I mmune recognition of fibrin by such anti body. .
Consequently, the MH1 anti body does not recogni ze any of t he known
pl asm n degradati on products of crosslinked

fibrin,
Evi dence that the WHL antibody only recogni zes 30 the polyneric
structure of DesAABB fibrin and does not recogni ze the nononeric
desAABB fibrin entity was obtained

by affinity chronmatography.
Briefly, 0.5 ng of the MHL anti body was passaged over a 5 ni
Sephar ose desAABB fibrin

nmononer colum. The col unm was washed with
equi libration 35 buffer (0.1m Tris buffered saline (TBS), pH 8.5). No
signjficant bi ndi ng of the antibody to gge_colunn was

additional period of time sufficient to allow the second
antibody to bind to the primary antibody-antigen solid
phase complex. The second antibody is linked to a
reporter molecule, the visible signal of which is used to
indicate the binding of the second antibody to any antigen
in the sample. By “%reporter molecule®, as used in the
present specification is meant a molecule which by its
‘chemical nature, provides an analytically detectable
signal which allows the detection of antigen-bound
antibody. Detection must be at least relatively
quantifiable, to allow determination of the amount of
antigen in the sample, this may be calculated in absolute
terms, or may be done in comparison with a standard (or

serigs of standards) containing a known normal level of
antigen.

10

b .

The most commonly used reporter molecules in
this type of assay are either enzymes or fluorophores. In
the case of an enzyme immunoassay an enzyme is conjugated
to the second antibody, often by means of glutaraldehyde
or periodate. As will be readily recognized, however, a
wide variety of different conjugation techniques exist,
which are well known to the skilled artisan. COmmon1y."
used enzymes include horseradish peroxidase, glucose
oxidase, f-galactosidase and alkaline phosphatase, among
others. The substrates to be used with the specific
enzymes are generally chosen for the production, upon

hydrolysis by the corresponding enzyme, of a detectable
color change.

25

For example, p-nitrophenyl phosphate is
suitable for use with alkaline phosphatase conjugates; for

peroxidase conjugates, 1,2~phenylenediamine or toluidine
are commonly used. It is also possible to employ
fluorogenic substrates, which yield a fluorescent product
rather than the chromogenic substrates noted above. In
all cases, the enzyme~labelled antibody is added to the
first antibody complex and allowed to bind to the complex,

30

35



- 82 - observed. As shown in Figure 1A, the antibody eluted in the
run through of the colum. Wen the colum was el uted w th 6M guani di ne
hydrochl ori de, a small anpunt of bound 5 protein was recovered. Protein was
detected by nonitoring

all fractions at 280 nm Anti body was determ ned
by  testing imunoreactivity of the protein by neans of a solid phase
ELI SA using fibrin coated mcrotiter wells. See section 5.4.2 above for

description of the ELISA used. 2.0 The protein bound to the colum is a
result of the presence of a snal

amount of contam nating sol uble
DesAABB fibrin polymer coupled to the DesAABB fibrin nmononer col um.
This contam nant is present in the ni;ﬁarting material used in the
preparation of the DesAABB 15 fibri n"nmbRomer colum. To denonstrate that
t he Sepharose desAABB fi brin nmonomer colum was capabl e of binding an
anti body, a fibrinogen specific nonoclonal antibody (Mub)

was passaged
over the col unthém theCertess meguentdst vadlted awayiowA soldtignw e 1B, the
col um bound 1 g5nERing eBPapittipridlie BAbitr{ld NRICReANMANA kot e 2N
treatment m”thtggéiﬂrflg%mplex of antibody-antigen~labelled antibody.
s The substrate reacts with the enzyme linked to the second
antibody, giving a qualitative visual signal, which may be
further quantitated, usually spectrophotometrically, to

give an evaluation of the amount of antigen which is
present in the serum sample.

10 Alternately, fluorescent compounds, such as

fluorescein or rhodamine, may be chemically coupled to
antibodies without altering their binding capacity.
activated by illumination with light of a particular
‘'wavelength, the fluorochrome-labelled antibody absorbs the
light energy, inducing a state of excitability in the

molecule, followed by emission of the light at a
characteristic longer wavelength.

When

is

The emission appears as
a characteristic color visually detectable with a light
microscope. As in the enzyme immunocassay (EIA), the

fluorescent-labelled antibody is allowed to bind to the
first antigen-complex.

20

After washing the unbound reagent,
the remaining tetnary complex is then exposed to light of

the appropriate wavelength, and the fluorescence observed

indicates the presence of the antigen. Immunofluorescence
and EIA techniques are both very well established in the

art and are particularly preferred for the present -method.
However, other reporter molecules, such as radioisotopes,
chemiluminescent or bioluminescent molecules may also be
employed. It will be ‘readily apparent to the skilled

artisan how to vary the procedure to suit the required
use.

25

30

Alternatively, the sample to be tested, either
mammalian blood or other body fluid containing the soluble
non-crosslinked f£ibrin DesAABB polymer . and the soluble
crosslinked DesAABB fibrin polymer may be used in a single
site immunoassay wherein it is adhered to a solid

35
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hydrochl ori de (6M was required to elute the 45J anti body.
Evi dence that the IWHL anti body, described above,
crosslinked and non-crosslinked sol uble

obtaimed in an experinent in 25 which soluble DesAABB fibrin polynmers were
gener ated by addition of thrombin to citrated plasm sanples in the
presence and absence of EDTA (EDTA prevents factor Xllla from
crosslinking DesAABB fibrin polymers). The crosslinked and

non- crossl i nked sol ubl e DesAABB fibrin 30 polynmers were prepared as

described in section 6.3.1 and their respective i Mmunoreactivities
wer e measured using the ELI SA as described in section 6.3.4. As shown

in Figure 2, there is no signiTi'®aft difference in the
I mmunor eactivity of crosslinked (B) and non-crosslinked 35 (O fibrin
polymers in the assay system

substrate either covalently or noncovalently. Aan
unlabeled antibody is brought into contact with the sample
bound on the solid substrate. After a suitable period of
incubation, for a period of time sufficient to allow
formation of an antibody-antigen binary complex a second
antibody, labelled with a reporter molecule capable of
inducing a detectable signal, is then added and incubation
is continued allowing sufficient time for the formation of
a ternary complex of antigen-antibody=-labeled antibody.
For the single site immunocassay, the second antibody may
be a general antibody (i.e., zenogeneic antibody to
immunoglobulin, particularly anti-(IgM and IgG) linked to
a reporter molecule) that is capable of binding an
antibody that is specific for the soluble crosslinked

fibrin polymer and the soluble non-crosslinked fibrin
polyner.

. recogni zes both
DesAABB fibrin polynmers was

10

15

The detection and measurement of soluble non-
crosslinked DesAABB fibrin polymers and soluble

crosslinked DesAABB fibrin polymers in vit:o is
particularly useful when such detection and wmeasurement is
done, using the plasma of patients, to obtain an

indication of an impending or existing thrombotic event,

said event being due to an impending or existing
25 ‘thrombosis.

See, e.g., W. Nieuwenhuizen, p. 94, Bang and

Chang, pp. 109-122, and Marder et al. U.S. Patent No.
5,206,140. Such events include, for example, deep vein

thrombosis (*DVI¥)}, a condition which arises as a result
of blood clot formation in the deep veins of the leg;

30 Pulmonary.embolism (PE), which arises when a thrombus
(blood clot) becomes dislodged from the deep veins and
embolizes to the pulmonary vasculature; disseminated
intravascular coagulation, which arises as a result of
systemic activation of the blood clotting cascade (e.g.,

35

in bacterial infection); myocardial infarction (MI), which
arises as a result of a thrombus occluding the coronary
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- 83 - Evi dence that the MHL anti body does not recogni ze
sol ubl e desAA fibrin polynmer was obtained in an experi nment wherei n DesAA

fibrin polymer was prepared by 5 treating fibrinogen or plasma with the
snake venom deri ved enzynme Batroxobin, from Bothrops atrox, which

selectively cl eaves fibrinopeptide A (FPA) fromthe fibrinogen
nol ecul e. Batroxobin does not cleave fibrinopeptide B. (FPB),

I n
contrast to thronmbin which cleaves both FPA and 10 FPB. The renoval
results in polynerization of the desAA fibrin nononmer units and

the' formati on of a DesAA fibrin clot. Figure 3 denonstrates cl ot

formation, as nmeasured by absorbance of the reaction mxture at 340 nm
when a batroxobin solution is incubaté&d for

15 m nutes at 15 roomtreat nent
with a fibrinogen sanple. The absorbance

i ncreases gradually with tine
as the soluble DesAA fibrin pol ymers increase in |ength and

concentrati ongargBfiés which supply blood to the heart muscle; stroke;
and intracardiac thrombi formed as a result of atrial
fibrillation. The type of thrombotic event can bhe
dliagnosed by use of the assay for detection and
measurement of soluble non-crosslinked DesAABB fibrin
polyners and soluble crosslinked DesAABB fibrin polymers
in combination with observation of other patient symptoms.
The symptons utilized are those which would be commonly
utilized in clinical diagnosis of an impending thrombotic
event. For example, said detection and measurement of
soluble DesAABB fibrin polymers is particularly useful as
a neans of differentially diagnosing patients with chest

pain due to impending MI from patients with chest pain due
1s to other conditions.

of FPA

10

6.3 s © IALS & oDS

6.3.1. PROTEINS
Bovine Serum Albumin and Thrombin were both
20 purchased from ICN (Costa Mesa, CA). Hirudin,
horseraddish peroxidase and o-phenylenediamine
dihydrochloride substrate tablets were all purchased from
Sigma Chemical Co. (St. Louis, MO). Human £ibrinogen
(grade L) was purchased from Helena Laboratories
(Beaumont, TX). . Fibrinogen was further purified by
ammonium sulphate precipitation as described by Holm et
. als, Thromb, Res, 37: 165-176 (1985). The anti-fibrin
monoclonal antibody, MH1l, used in the assay system was
produced as described, section 5§ above. The

antifibrinogen monoclonal antibody, 45J, was produced as
described, section 5 above.

30

DesAABB fibrin monomer was prepared by _
dissolving non-crosslinked £ibrin polymer in a solution of

50 nM sodiun acetate buffer (pH 5$.3) containing sodium
a5 bromideim.

o ]
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finally the clot is fornmed. In the experinment to test M
recognition of desAA fibrin, soluble desAA fibrin
in vitro by incubation of a

assay

20 pol ynmer was gener at ed
fibrinogen sanple with batroxobin (final
concentrati on, 0.5 units/nL) at 37[err]C. An aliquot was renoved from

t he. batroxobin treated sanple after 7 mnutes and tested in t he
ELI SA assay of section 6.3.4. No reactivity was 25 denonstrated with this

sanpl’e, sanple C, as shown in Figure 4. It can al so be deduced from
this experinment that the assay system does not recognize
fibrinogen-desAA fibrin conplex which is another source of soluble

fibrin. Clearly the reaction i ygure produced in this experinent 30
woul d contain such "soluble fibrin" entities since the bat r oxobi n

produces desAA fibrin nonomers which are free to interact with other
desAA nononers or non-di gested fibrinogen nol ecul es. Since no

reacti on was denpnst r at@@sslinked palybles £4hrin (RLYRGYE YeXe of

bat r oxobi n, t peoducéd 5 rimicudbatior BT fdbdinvger lvat ciberatas pladnas not

det ect VitaSE 1oWridiRacBriemAvhtfind (bloS riteym1 Pody -8 Whi ch

s minutes. The reaction mixture also contained Factor
XIITa. The reaction was quenched by the addition of
hirudin to the reaction mixture, f£inal concentration 10
ATU/ml) . . .

Non-crosslinked soluble DesAABB fibrin polymers

10 Were produced by incubating citrated plasma or fibrinogen
with a solution of thrombin containing EDTA (12 mM final
concentration) for 7-8 minutes at 37°C. The reaction was
quenched by the addition of excess hirudin to the reaction

nixture, (£final concentration 10 ATU/ml).
is

6.3.2. 453 HORS DISH OXIDASE
CONJUGATE

{adapted from Wilson and Nakane,

Immunoflvorescence and Related Staining
Technigques, Knapp, et al. (eds), pp. 215~

224, Elsevier/North Holland Biomedical
20 Press, Amsterdam (1978))

Horseradish peroxidase (HRP) (RZ>3) (10 mg) was
dissolved in 1 ml of distilled water. A freshly prepared
solution of 0.1M sodium periodate (0.4 ml) was added and
mixed gently for 20 minutes. The solution was then
transferred to a sodium acetate huffer (it mwM, pH 4.4) at
4°C using a Centricon 10 micro-concentrator.

The pH of the solution was raised to 9.5 by
adding 40 pl of 0.2M sodium carbonate-bicarbonate buffer
(pH 9.5). MH1L antibody (20 mg) in 2.0 ml of 0.01M sodium
carbonate~bicarbonate buffer (pH 9.5) was then added
without delay. This solution was mixed gently at room
temperature for 2 hours after which 0.2 ml of a freshly
prepared sodium borochydride solution (4 mg/ml) was added.
The mixture was allowed to stand for 2 hours at 4°cC.

- Finally the antibody HRP conjugate was dialyzed
against 5 % 4 liters of PBS at 2-8°C.

25
30

35
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- 84 - I's the positive control, was conposed of DesAABB fibrin
polynmers formed by treatnment of a plasma sanple with t hronmbi n and
hirudin. Untreated fibrinogen, sanple A was 5 added as a negative control.
Solubl e fibrin conplex can also arise due to

factor Xllla crosslinking
of native fibrinogen nol ecul es to formfibrinogen diners (Kanaide et
al., J. Lab. din.

) Med. 86: 574-579 (1975)) Factor Xl l1la (FXI1la)
treated 10 fibrinogen is not detected by the assay system

In this
experiment, fibrinogen coated microtiter plates were first

- 70 =

The conjugate was stored in a brown container at
2-8°C.

5 6-3.3. o ES

Blood samples were acquired with consent from
both healthy volunteers and from emergency roowm patients
who presented clinical symptoms of MI, e.g., severe chest
pain. The blood samples were collected into sodium
citrate using vacutainers (Becton Dickinson). Plasma was
separated by centrifugation at 2400RPM for 15 minutes.

The plasma was either used immediately or stored frozen at
=70°C.

i0

18 6.3.4. ELISA PROCEDURE FOR

3] G_SOLUBLE

Soluble f£ibrin was detected in fresh or frozen
plasma samples using a sandwich type enzyme-linked

immunoassay system. The capture antibody in the current .

20 invention was the antifibrin MH1L antibody. The detection
(or tag antibody) was a HRP conjugate of the same
antibody.

Alternatively, a HRP conjugate of the

antifibrinogen antibody 45J, could be employed as the
tagging antibody.

25 96 well polyvinyl chloride (PVC) microtitre

plates (Costar Cambridge, MA) were coated with.the
monoclonal antibody MH1 by incubation of a 100 gl solution

of the Mab (at 50 pg/mL) in coating buffer (sodium borate,
ph-8.5) for 12-16 hours at 4°C. Unbound antibody was

removed from the plates by washing the wells three times
with a PBS-Tween solution.

30

The MHl~coated wells were
postcoated with BSA by incubating a 200 pl solution of BSA

(1%) in PBS (PBS-BSA) for 1 hour at 37°C. Unbound BSA was
removed by invert:in_g the plates and tapping gently onto a

as Dpaper towel. Citrated samples (50 ptl) containing soluble
€ibrin vere incubated on the MH1-BSA blocked wells for 30
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treated with thronbin-activated factor

Xilla for 1 1/2 hour s at
37[err]C. After quenching residual

t hronbi n activity, the IVHL anti body
was incubated in the FXIIla 15 treated wells and bound WMHL was detected by
use of anti - [

nouse al kal i ne phosphat ase conjugate. Bound anti-nouse
anti body was detected by the addition of an al kaline

phosphat ase )
substrate. The level of MH bound to the wel | s was neasured by reading
the optical density at 490 20 nm Figure 5 sanple labeled Fg + FXIla
shows that no IVHL was bound to the wells, indicating that the anti body
does not recogni ze crosslinked fibrinogen structures. As a
positive control the fibrinogen coated wells were treated wth
thrombin to produce desAABB fibrin pol $fers and 25 tested for

I mmunoreactivity with IVHL anti body, Figure 5, sanple | abeled Fg +
Thr onbi n. 6. 3. 7 MEASUREMENT OF SCLUBLE DESAABB FI BRI N

POLYMER FORVATRhGhutdY WETBPec. Ihbound materislwud ¢ B fibrin polyners
were produced

1 TS Scoton Sl oS N B SR g (° O

i ncubat ed at 3Fhervelds Mﬁr&uﬁbg“vﬂﬂ‘%‘erdeﬁb‘v’&ﬂ tinns M#&hsggfﬁ'@’een-
Bound soluble fibrin was detected by first incubating 100
#l of PBS-BSA solution of the MH1-HRP conjugate (or a HRP
conjugate of an antifibrin(ogen) antibody, 45J) in the
vells for 30 minutes at 37°C. Unbound conjugate was

removed by inverting the plate and washing the wells 3
10 times with PBS-Tween. The bound conjugate was detected by

addition of 100 pl.of O-phenylenediamine dihydrochloride
solution for 10 minutes at room temperature. The
substrate solution was prepared by dissolving a table of

O-phenylenediamine dihydrochloride in a éodium citrate
15 ©solution containing H,0,.

The colorimetric reaction was quenched after 10
ninutes by addition of a 25 puL solution of H,50, (1M). The
absorbance of the solution in each well was determined at

490nm in a Thermomax microtitre plate reader (Molecular
20 Devices, Menlo Park, CA).

6.3.5 PREPARATION OF COLUMNS

Sepharose MH1 columns were prepared as follows:
1g of freeze dried cyanogen bromide activated
Sepharose 4B (Pharmacia) was weighed out and suspended in

1 mM HCl. The swollen gel was washed for 15 minutes in 1
nM HC1 on a sintered glass filter.

MH1 antibody (20 mg) was dissolved in coupling
buffer (0.1M NaHCO,, pH 8.3 containing 0.5 KaCl) and

gently mixed with the swollen gel in a stoppered vessel
for 2 hours at room temperature or overnight at 4°cC.

30

' After mixing, the gel was washed with coupling
buffer to remove excess antibody. Unblocked active sites
were blocked by treating with 0.1M Tris HCl, pH 8.0 (or 1M
ethanolanine, pH 9.0) for 2 hours at room temperature.

35
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at 1 mnute intervals and the thronbin activity was

35 quenched by the
addition of the potent thronbin inhibitor,

hi rudin (final
concentration 2-ATU m ). The anount of ) sol ubl e DesAABB
fibri-n polymer in each aliquot was nmeasured by the ELI SA procedure
described in section

The antibody-bound gel was then washed 3 X with 0.1 M

Acetate buffer (pH 4.0 containing 0.5 M NaCl) followed by
Tris buffer (0.1M, pH 8.0 containing NaCl 0.5M).

-Coupled
antibody was stored at 4°C in sodium azide solution
(0.05%) .

Sepharose DesAABB fibrin monomer columns were
prepared as follows: DesAARB fibrin monomers were coupled

to cyanogen bromide-activated Sepharose 4B in the presence
of 1M NaBr in 0.1M borate buffer (pH 8.2) using the
procedure described above for preparation of Sepharose

10

CHARACTERIZATION OF THE SOLUBLE FIBRIN
ENTITY RECOGNIZED BY THE IN VITRO ASSAY
FOR SOIUBLE FIBRIN POLYMERS USING MH1
TO DETECT SOLUBLE FIBRIN

15

It has been demonstrated above, Section 5.5,
that the MH1 antibody does not recognize fibrinogen, the
plasma precursor of the £ibrin polymer. It was also shown
above, Section 5.5, that the antibody recognizes both
crosslinked and non-crosslinked fibrin polymer. In
addition, it was shown ahove, Section 5.5, .that plasmin
degradation of fibrin, (or any process which léads to the
destruction of the fibrin polymerid structure) causes a
25 loss of immune recognition of fibrin by such antibody.

Consequently, the MH1 antibody does not recognize any of

the known plasmin degradation products of crosslinked
fibrin.

20

_ Evidence that the MH1 antibody only recognizes
30 the polymeric structure of DesAABB fibrin and does not

recognize the monomeric desAABB fibrin entity was obtained
by affinity chromatography. Briefly, 0.5 mg of the MH1

antibody waes passaged over a § ml Sepharose desAABB fibrin
monomer columnh. The column was washed with eguilibration
35

buffer (0.im Tris buffered saline (TBS), pPH 8.5).

No
significant binding of the

antibody to the column vas

i . L I
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6.3.4. 5 As shown in Figure 6, the amount of soluble fibrin
pol ymer, indicated by the absorbance at 490 nm rises sharply after an

initial lag period of 4-5 m nutes after the addition of thronbin to the
pl asma. The | evel of soluble fibrin polynmers peaks at approximately 7.5
10 minutes after the addition of thronbin to the plasm. The
decrease in the soluble fibrin |level observed after

st eep
coi ncirdes with gelation and formati on of

9-10 m nutes

i nsoluble fibrin polyners
(clot fornmation). 15 6.3.8 PURI FI CATI ON OF SOLUBLE FI BRI N
POLYMERS FROM PLASMA BY SEPHAROSE- VH1 AFFI NI TY
CHROVATOGRAPHY

A plasma_sanpl e was i ncubated with thronbin
(0.025 units m) for 7 mnutes at 37réP?]C. The thronbin 20 activity was

guenched by the addition of excess hirudin. The reaction m xture was
passaged over a Sepharose- MH1L colum. The starting material,

the run
through (nonboobserved. maseshaim irhdigaradips diel antpbody iestedoini n) which
protein was el g80-ihdi¢i-oNRRCdE (Blle AWudha! Vititch 8R! B8iumy walgBeauves e
tested for i MU QLS 8% tg"ﬁlal.x{iﬁivﬁnet Ry&@ﬂch or'd et, hae small amount of bound

g protein was recovered.

Protein was detected by wonitoring
all fractions at 280 nm. Antibody was determined by
testing immunoreactivity of the protein by means of a

solid phase ELISA using f£ibrin coated microtiter wells.

See section 5.4.2 above for description of the ELISA used.
10 The protein bound to the column is a result of the

presence of a small amount of contaminating soluble

DesAABB fibrin polymer coupled to the DesARBB f£ibrin

monomer column. This contaminant is present in the

starting material used in the preparation of the DesAABB
35 £ibrin monomer column. To demonstrate that the Sepharose

desAABB fibrin monomer column was capable of binding an
antibody, a fibrinogen specific monoclonal antibody (Mab)
was passaged over the column in a control experiment. As
shown in Figure 1B, the column bound the control Mab, the
antifibrinogen antibody 453, and treatment with guanidine
hydrochloride (6M) was required to elute the 45J antibody.
Evidence that the MH1 antibody, described above,
recognizes both crosslinked and non-crosslinked soluble
DesAABB f£ibrin polymers was obtained in an experiment in
which soluble DesAABB fibrin polymers were generated by
addition of thrombin to citrated plasma samples in the

presence and ‘absence of EDTA (EDTA prevents factor XIIXa
from crosslinking DesAABB fibrin polymers). The

crosslinked and non-crosslinked soluble DesAABB fibrin
polymers were prepared as described in section 6.3.1 and
their respective immunoreactivities were measured using
the ELISA as described in section 6.3.4. As shown in
Figure 2, there is no significant difference in the

jmmunoreactivity of crosslinked (B) and non-crosslinked
as (C) f£ibrin polymers in the assay systen.

20
25

30
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ELI SA assay of section 6.3.4. The i rmunbreact Ivity of the t hronbin

treated plasma after quenching with hirudin (Starting Material), of
t he bound protein after renoval fromthe colum and dialysis

(Elutton), and of the nonbound material (Nonbound) is shown in figure
7. The 30 starting material and the bound protein after dialysis
were i nmunoreactive with MHL whil e the nonbound nateri al was not .

- 83 -

Evidence that the MH1 antibody does not
recognize soluble desAA £ibrin polymer was obtained in an
experiment wherein DesAA f£ibrin polymer was prepared by
treating fibrinogen or plasma with the snake venom derived
enzyme Batroxobin, from Bothrops atrox, which selectively

cleaves fibrinopeptide A (FPA) from the fibrinogen
molecule. Batroxobin does not cleave fibrinopeptide B .

(FPB) ., in contrast to thrombin which cleaves bhoth FPA and

10 FPB. The removal of FPA results in polymerization of the

desAA fibrin monomer units and the formation of a DesAA
fibrin clot. Figure 3 demonstrates clot formation, as

measured by absorbance of the reaction mikture at 340 nm,

when a batroxobin solution is incubated for 15 minutes at

15 Yroom treatment with a fibrinogen sample.

The absorbance
increases gradually with time as the soluble DesAh fibrin

polymers increase in length and concentration, until
finally the clot is formed. In the experiment to test MHl
assay recognition of desaAA fibrin, soluble desAA fibrin

polymer was generated in vitro by incubation of a
fibrinogen sample with batroxobin (final concentration,
0.5 units/mL) at 37°C. an aliquot was removed from the

. batroxobin treated sample after 7 minutes and tested in
the ELISA assay of sgctibn 6.3.4.

20

No reactivity was
demonstrated with this sample, sample C, as shown in
Figure 4.

25

It can also be deduced from this experiment
that the assay system does not recognize fibrinogen-desaA
£ibrin complex which is another source of soluble fibrin.
Clearly the reaction mixture produced in this experiment
would contain such "soluble f£ibrin" entities qince the
batroxobin produces desAA fibrin monomers which are free

to interact with other desAA monomers or non-digested
fibrinogen molecules.

30

Since no reaction was demohstrated
in the assay system after addition of batroxobin, the

conclusion can be drawn that the assay does not detect
these fibrinogen-desAA fibrin entities.

38
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- 86 - 6.3.9 |IN VITRO DETECTI ON AND MEASUREMENT OF

SOLUBLE CROSSLI NKED AND SOLUBLE : - NON- CROSSLI NKED FI BRI N
POLYMERS FOR DIAGNCSIS OF M 5 36
different plasma sanples were tested for sol ubl e crosslinked and sol ubl e
non- cr ossl i nked DesAABB fibrin polyner

. | evel.s using the ELISA assay
descri bed above in section 6.3.4 with MHL as the capture anti body.
After collection,

pl asma sanples were drawn into 10 anti coagul ant and
frozen. The thawed sanples were tested for sol uble crosslinked and

non- cr ossl i nked DesAABB fi brin pol ymer. Ten of these 36 sanples were
taken from heal t hy control humans. Healthy controls were recruited from
| aboratory personnel who were in excell &4t ~health and who 15 did not

experience chest pain even after exertion. All ot her sanples were from
patients at the emergency room facility of a | ocal

comuni ty hospital
Al energency is the®@dsidiiveneontirsl ChaBi CGhpSeet oTNDesRKES (£ ILTIR)
~suggestive of nmugeahelidledrtled B! GPedtileht &2 ¥5faema sample with
' "thrombin and hirudin. Untreated fibrinogen, sample A, was
s added as a negative control. _

Soluble fibrin complex can also arise due to
factor XIXIXa crosslinking of native fibrinogen molecules
to form fibrinogen dimers (Kanaide et al., g, Lab, Clin,
Med, 86: S$74-579 (1975)) Factor XIIla (FXIXIIa) treated
fibrinogen is not detected by the assay system. In this
experiment, fibrinogen coated microtiter plates were first

treated with thrombin~activated factor XIIIa for 1 1/2
hours at 37°cC.

i0

After quenching residual thrombin
activity, the MH1 antibody was incubated in the FXIIXa
treated wells and bound MH1l was detected by use of anti-
mouse alkaline phosphatase conjugate. Bound anti-mouse

antibody was detected by the addition of an alkaline
phosphatase substrate.

is

The levgl of MHI bound to the
wells was measured by reading the optical density at 490

20 nm. Figure S, sample labeled Fg + FXIXa shows that no MH1

was bound to the wells, indicating that the antibody does
not recognize crosslinked fibrinogen structures. As a
positive control the fibrinogen coated wells were treated
with thrombin to produce desAABB fibrin polymers and

tested for immunoreactivity with MH1 antibody, Figure S,
sample labeled Fg + Thrombin.

25

6.3.7 MEASUREMENT OF SOLUBLE DESAABB FIBRIN
POLYMER FORMATION IN VITRO

30 Soluble DesAABB fibrin polymers were produced in

vitro by addition of lovw levels of thrombin (0.025 NIH

units/mL) to a citrated plasma sample.

The sample wvas
incubated at 37°C.

Aliquots were removed from the sample
at 1 minute intervals and the thrombin activity was

quenched by the addition of the potent thrombin inhibitor,
hirudin (final concentration 2-ATU/ml).

35

The amount of
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20 confirmed as suffering fromM; the other 11 patients were
confirnmed not to be suffering fromM. The latter
di agnosed with various clinical condi tions including, angina pectoris,
anxi ety, pul nonary edema. The bl ood sanples were drawn from patients
25 immedi ately after their adm ssion to the energency room I n nost
cases information on the duration of the synptons were recorded. In
this study all patients had been experienci ng chest pain for 1-3
hours prior to adm ssion. As shown in Figure 8, in all cases the
patients with 30 confirmed M had significantly higher |evels of soluble
DesAABB fi brin polynmers than the healthy controls (3-30 fold
difference). In those patients with ch@&$t -pai n but wi thout M, the

| evel s of soluble DesAABB fibrin polyners were not significantly
different fromthose of the healthy 35 controls. (Levels of soluble

crosslinked and,f@ibIfasARBE £ibrin polymer in each aliquot was

measured by the ELISA procedure described in section
6.3.4.

al |
patient group was

5 As shown in Figure 6, the amount of soluble
fibrin polymer, indicated by the absorbance at 490 nm,
rises sharply after an initial lag period of 4-5 minutes
after the addition of thrombin to the plasma. The level
of soluble fibrin polymers peaks at approximately 7.5

10 ninutes after the addition of thrombin to the plasma. The
steep decrease in the soluble fibrin level observed after
9-10 minutes coincides with gelation and formation of
insoluble fibrin polymers (clot formation).

1s 6.3.8 PURIFICATION OF SOLUBLE FIBRIN POLYMERS

FROM PLASMA BY SEPHAROSE-MH1 AFFINITY
CHROMATOGRAPHY

A plasma sample was incubated with thromhin
(0.025 units ml) for 7 minutes at 37°C. The thrombin
20 activity was guenched by'the addition of excess hirudin.
The reaction mixture was passaged over a Sepharose~MH1
column. The starting material, the run through (nonbound
material) the bound protein (purified protein) which
protein was eluted using NaSCN (3) and dialyzed against
.5 FBS. vere tested for immunoreactivity with MH1 using the
ELISA assay of section 6.3.4. The immunoreactivity of the
throwbin treated plasma after guenching with hirudin
(Sstarting Material), of the bound protein after removal
from the column and dialysis (Elution), and of the
30 nonbound material (Nonbound) is shown in figgre 7. The
starting material and the bound protein after dialysis

were immunoreactive with MH1 vwhile the nonbound material
was not.
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- 87 - crosslinked DesAABB fibrin polymers are shown as "Level of
Soluble Fibrin Elisa Units (x 1000)"). ' The sensitivity of this
assay systemwas 5 therefore 100% (for n=36) and the specificity was al so
100% (for n=36) i.e., there were no fal se positives and no fal se
negati ves.

It can therefore be concluded that this assay system has-a
hi gh | evel of diagnostic accuracy for

myocardi al infarction. 10
6.4 KITS FOR I N VI TRO DETECTI ON OF SCLUBLE CROSSLI NKED FI BRI N
POLYMERS AND SOLUBLE . NON- CROSSLI NKED FI BRI N POLYMERS
It is to be understood that the present

IN VITRO DETECTION AND MEASUREMENT OF
SOLUBLE CROSSLINKED AND SOLUBLE

HON-CROSSLINKED FIBRIN POLYMERS FOR
DIAGNOSIE OF MI

5 36 different plasma samples were tested for
soluble crosslinked and soluble non-crosslinked DesAABB
£fibrin polymer levels using the ELISA assay described
above in section 6.3.4 with'-MH1 as the capture antibody.
After collection, plasma samples were drawn into

10

anticoagulant and frozen. The thawed samples were tested

for soluble crosslinked and non-crosslinked DesAABB fibrin
polymer. Ten of these 36 samples were taken from healthy
control humans.. Healthy controls were recruited from
laboratory personnel who were in excellent health and who
15 did not experience chest pain even after exertion. Aall
other samples were from patients at the emergency room
facility of a local community hospital. All emergency
room patients had clinical symptoms (chest pain)
suggestive of myocardial infarction (MI); 15 were

20 confirmed as suffering from MI; the other 11 patients were
all confirmed not to be suffering from MI. The latter
patient group was diagnosed with various clinical
conditions including, angina pectoris, anxiety, pulmonary
edema. The blood samples were drawn from patients

25

immediately after their admission to the emergency room.
In most cases information on the duration of the symptoms
vere recorded. In this study all patients had bheen
experiencing chest pain for 1-3 hours prior to admission.
As shown in Figure 8, in all cases the patients with

30 confirmed MI had significantly higher levels of soluble

DesAABB fibrin polymers than the healthy controls (3-30
fold difference). 1In those patients with chest pain but

without MI, the levels of soluble DesAABB fibrin polymers
were not significantly different from those of the healthy
35 controls. (Levels of soluble crosslinked and soluble non-



invention is not limted to the use of nonocl onal
assay. ‘However, where such antibody is used, with respect to the kit
hereinafter, these kits contain a set of standards, a first antibody

(i.e., capture antibody, for exanple M) which can be I mobi | i zed
on a surface and a second anti body | abel ed with a signal generator as
descri bed above. These kits contain standards in the form of known
anounts of sol uble cross-linked DesAABB fibrin polynmer and sol ubl e non-
crosslinked DesAABB fibrin polymer. Such standards may be 25 prepared by
the isolation of soluble crosslinked and sol ubl e non-crosslinked
DesAABB fi brin polynmers using the MHL Sepharose affinity columm as
descri bed above. The kits may at ¥ eontain specific buffers,

separating agents and controls. The kits may contain collectlon

devi ces or chem cals to treat the sanple to be assayed.

Pot efence " Ydadiinldl Wchaib! §nihid orubrs ave HENGL Ao’ FESIEPIGE °¢ Y
Soluble Fibrin Elisa Units (x 1000)%).
The sensitivity of this assay system was
g therefore 100% (for n=36) and the specificity was also
100% (for n=36) 1'31' there were no false positives and no
false negatives. It can therefore. be concluded that this

assay system has a high level of diagnostic accuracy for
myocardial infarction.

anti bodies in the

10

6.4 KITS fOR IN VITRO DETECTION OF SOLUBLE
CROSSLINKED FIBRIN POLYMERS AND SOLUBLE

ON=-CROSSLT D R (o) RS
It is to be understood that the present

15 invention is not limited to the use of monoclonal
antibodies in the assay. However, where such antibody is
used, with respect to the kit hereinafter, these kits
contain a set of standards, a first antibody (i.e.,
capture antibody, for example MH1) which can be

20 immobilized on a surface and a second antibody labeled
with a signal generator as described above. These kits
contain standards in the form of known amounts of soluble
crogs-1inked DesAABB £ibrin polymer and soluble non-
crosslinked DesAABB fibrin polymer. Such standards may be

25 prepared by the isolation of soluble crosslinked and
soluble non-crosslinked DesAABB fibrin polymers using the
MH1 Sepharose affinity column as described above. The
kits may also contain specific buffers, separating agents
and controls. The kits may contain collection devices or

'30 chemicals to treat the sample to be assayed.

All publications and patents cited above are
herein incorporated by reference.
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88- W Claim 1. A nethod for the [err] detection of the.
presence or ampunt of sol uble crosslinked DesAABB fibrin polyners and
sol ubl e non-crosslinked DesAABB fibrin polyners in a mammal i an sanpl e,

whi ch conprises contacting said sanple with an anti body or an

I mmunor eactive fragnment thereof which specifically binds to soluble
crossi i nked DesAABB fibrin polyners to form an i mmunoconpl ex therewth,
whi ch antibody or inmmunoreactive fragnment thereof does not specifically
bi nd to:

(a) fibrinogen, (b)fibrinogen degradation products, (c) DesAA
fibrin nmononers, (d) DesAA fibrin polyners,

(e) DesAABB fibrin nononers,
(f) crosslinked fibrinogen, (g) DesAA $®bTin nonomer-
and (h) fibrin degradation products,

. _ hHmmm’ en conpl ex,
of said i munoconpl ex. and detecting t i) ,ﬂ”ﬂ,WUHU”t

We Claim:

i. In an immunoassay for the determination of

plasma fibrinogen levels in vitro comprising contacting
said plasma fibrinogen with a monoclonal antibody, the
improvement comwprising employing for said monoclonal
antibody a fibrinogen-specific monoclonal antibody.

10 2. The method of claim 1 wherein said fibriﬁogen—

specific monoclonal antibody is a monoclonal antibody
having the identifying characteristics of the monoclonal
antibody produced by the hybridoma ATCC HB 9740.

15 3. A method for the in vitro detection of soluble

crosslinked fibrin polymers and soluble non-crosslinked
£ibrin polymers in a mammalian sample, which comprises
contacting the sample with a substance able to detect
soluble crosslinked DesAABB fibrin polymers and soluble
non-crosslinked DesAABB fibrin polywers and which
substance does not detect: (a) fibrinogen, (b) fibrinogen
degradation products, (c) DesAA fibrin monomers, (d) DesAA
£ibrin polymers, (e) DesAABB monomers, (£f) crosslinked

£ibrinogen, (g) DesAR £fibrin wmonomer-fibrinogen complex
25 and (h) f£ibrin degradation .products.

20

4. The method of claim 3 Ln which the substance is

conprised of at least one antibody able to form a complex
with soluble crosslinked DesAABB fibrin polymers and
s0luble non-crosslinked DesAABB f£ibrin polymers, wherein
the antibody does not crossreact with: (a) fibrinogen, (k)

fibrinogen degradation products, (c) DesAh £ibrin monomer,
{(4) DesAA fibrin polymer,

crosslinked fibrinogen,

(e) DesAABB monomers, (f£)

{g) DesAA fibrin monomer-

a5 fibrinogen complex and (h) fibrin degradation products.
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2. The nethod of claim1, in which the antibody specifically binds to

t he epitope recogni zed by the nonocl onal antibody designated MHL produced
by hybri doma ATCC HB 9739. 3. A nmethod for the in [err]
detection of soluble crosslinked fibrin polyners and sol uble
non-crosslinked fibrin polynmers in a mammal i an sanpl e, which conprises
contacting the sanple with a substance able to detect sol uble crosslinked
DesAABB fibrin polyners and sol ubl e non-crosslinked-DesAABB. fibrin pQIyners
and whi ch substance does not detect: (a) fibrinogen,

degradati on products, (c) DesAA fibrin nononers, (d) M”’ﬁ} ”mlyrrers
(e) DesAABB nononers, (f) crosslinked flbrlnogen

nmononer - fi bri nogen conplex and (h) fT89 degradatlon products.

The method of claim 3 in which the substance is conprised of at |east one
anti body able to forma conplex with soluble crosslinked DesAABB fibrin

pol ymers and sol ubl g, n%&mbankedcmwam{émm meisoam ein the

dogr adat i on priRes Eich B ol sm@séi“? °Q°9§ a PP ALy
(e;‘]j DesAABB ﬁmﬂsmlem f‘}““c#‘??é’sﬂeﬁnks 85 @émef Fb%ilh
nmononer - f i bgi rogdiboddrpl eandRak Ifrafmbntsl degrat i on product s.

6. The method of claim_4 in which at least two
different antibodies are used as the substance.

10 7. The method of claim 4 in vwhich the antibody is
capable of binding to the epitope recognized by MH1.

8. The method of claim 4 in which the antibody is

MH1.
15
9. The method of claim 3 in which the soluble
crosslinked DesAABB fibrin polymers and soluble non-
crosslinked DesAABB f£fibrin polymers are measured.
20 10. The method of clain 4 in which the soluble

. crosslinked DesAABB fibrin polymers and soluble non-
crosslinked DesAABB f£ibrin polymers are measured.

1l. The method of claim 3 in which the mammﬁlian
25 sample is a- human sample.

12. The method of -claim 9 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating predispositionn for a

' ap thrombotic event, diagnosis of a thrombotic event and
monitoring of a thrombotic event.

13. The method of claim 10 which further comprises
‘taking the measurement for the purpose selected from the
a5 group consisting of evaluating predisposition for a

: . &
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-89 -

fromthe group consisting of polyclonal
[ chimeric anti bodi es,

anti bodi es,
fragpents

10

i5

20

25

3s.

5. The nmethod of claim4 in which the antibody is

chosen
anti bodi es,

nonocl onal
single chain 5 anti bodi es, and Fab
6. The nethod of claim4 in which at | east two

T

thrombotic event, diagnosis of a thrombotic event and
monitoring of a thrombotic event.

14. The method of claim 9 which further conmprises

taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for

myocardial infarction, dlagnosis of myocardial infarction
and monitoring of myocardial infarction.

15. The method of claim 10 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for

myocardial infarction, diagnosis of myocardial infarction
and monitoring of myocardial infarction.

16. The method of claim 9 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for deep

vein thrombosis, diagnosis of deep wvein thrombosis and
monitoring of deep vein thrombosis.

17. The method of claim 10 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for deep

vein thrombosis, diagnosis of deep vein thrombosis "and
monitoring of deep vein thrombosis.

18. The method of claim 9 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for

pulmonary embolism, diagnosis of pulwonary embolism and
monitoring of pulmonary embolism.

19. The method of claim 10 which further comprises

taking the measurement for the purpose selected from the

This is the replacement shest -
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different anti bodies are used as the substance
claim4 in which the antibody is capabl e of binding to the epitope
recogni zed by M . 8. The method of claim4 in which the
antibody is 15 9. The nmethod of claim3 in which the soluble
crosslinked DesAABB fibrin polymers and sol ubl e non- crosslinked
DesAABB fi brin polyners are neasured

20 10. The nethod of claim
4 in-which the soluble

crosslinked DesAABB fibrin_palyners and squbIe
non- crosslinked DesAABB fibrin polymers are neasured.

The nethod of claim3 in which the mammalian 25 s

;2. The method of claim9 which furihgelr fomf,_ri ses aﬂlﬂmmmmmﬂrfmam e

10 7. The nmet hod of

group consisting of evaluating predisposition for

pulmonary embolism, diagnosis of pulmonary embolism and
nonitoring of pulmonary embolism..

20. The method of claim 9 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating- predisposition for
disseminated intravascular coagulation, diagnosis of

disseminated intravascular coagulation and wonitoring of
disseminated intravascular coagulation.

10

21. The method of claim 10 which further comprises

taking the measurement for the purpose selected from the
group consisting of evaluating predisposition for
disseminated intravascular coagulation, diagnosis of

b8

disseminated intravascular coagulation and moniﬁoring of
disseminated intravascular coagulation.

20 22. The method of claim 9 which further comprises

taking the measurement for the purpose selected from the
group consisting of_evaiuating predisposition for stroke,
diagnosis of stroke and monitoring of stroke.

25 23. The method of claim 10 which further comprises

taking the measurement for the purpose selected from tﬁe
group consisting of evaluating predisposition for stroke,
diagnosis of stroke and monitoring of stroke.

320 24. The method of claim 9 which further comprises

taking the measurement for the purpose selectéd from the
group consisting of evaluating predisposition for
intracardiac thrombi formed as a result of atrial

fibrillation, diagnosis of intracaradiac thrombi formed as

as a result of atrigl fibrillation and monitoring of
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taki ng the neasurenent for thepurpose selected fromthe

ng ! . . OSH group
consi sting of evaluating predispositionn for a 30 thronbotic event,
di agnosi s of a thronbotic event and

nonitoring of a thronbotic event.
13. The method of claim 10 which further conprises

t aki ng the
measur enent for the purpose selected fromthe 35 group consi sting of
eval uating, predisposition for a
- 90 --

- 92 - * ¢ L M 8 ﬂ"

intracardiac thrombi formed as a result of atrial
fibrillation.

25. The method of claim 10 which further comprises
taking the measurement for the purpose selected from the
group consisting of evaluating disposition for
intracardiac thrombi formed.as a result of atrial - :
fibrillation,'diagnosis of intracardiac thrombi formed as
a result of atrial fibrillation and monitoring of

intracardiac thrombi formed as a result of atrial
fibrillation.

10

26. An in vitro metheod for the detection in a

mammalian sample of those species. which form a complex
with the MH1 antibody, which method does not detect those
species which do not cross-react with an MH1 antibody,
which method comprises contacting a mammalian sample with
a substance able to crossreact with those species which
form a complex with the MH1 antibody wherein the substance
does not crossreact with those species with which an MH1

antibody does not cross-react and detecting the cross-
reacting species. '

is

20

25 27. The method of claim 26 in which the substance is
MH1.

28. The method of claim 26 in which the species

forming a complex with the MH1 antibody is neasured.
30

29. A kit for assaying the amount of soluble
crosslinked DesAABB fibrin polymers and soluble non-

crosslinked DesAABB fibrin polymers which comprises:
(a) measured amounts of standards containing

soluble crosslinked DesAABB fibrin polymers and soluble
non-crosslinked DesAABB fibrin polymers; and

35
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t hronboti c event, diagnosis of a thronmbotic event and nmonitoring of a
thronbotic event. 5 14. The nethod of claim9 which further

conpri ses taki ng the nmeasurenent for the purpose selected fromthe
group-consi sting of evaluating predisposition for nyocardi al infarction,
di agnosi s of nyocardial infarction and noni toring of nyocardi al
infarction. 10 15. The nmethod of claim 10 which further conprises
taki ng the nmeasurenent for the purpose selected fromthe group

consi sting of evaluating predisposition: for nyocardi al infarction,

di agnosi s of nyocardial infarction 15 and nonitoring of myocardi al

i nfarction. 16. The nmethod of claim9 which further conprises
taki ng the nmeasurenent for the purpose- 8 ected fromthe group

consi sting of evaluating predisposition for deep 20 vein thronbosis,

di agnosi s of deep vein thronbosis and moni toring of deep vein

thr ombosi s. H o) elRE 26 Aeddot Ry 1ol cHHEL e P! | S

taki ng the neasurenent f t he purpose S t rom
9 DesAABB ff%rin pJaymgrs and so ug e non-crosslinked

DesAABB fibrin polymers.

30. A kit according to claim 29 in which the means
for detecting the soluble cross-linked DesAABB fibrin
polymers and the soluble non-crosslinked DesAABB fibrin
polymers is an antibody.

10
31. A kit according to claim 29 in which the

antibody is MH1.

UL
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25 group consisting of evaluating predisposition for deep vein

t hronbosi s, diagnosis of deep vein thronbosis and noni toring of deep
vei n t hromnbosi s. 18. The method of claim9 which further
conpri ses 30 taking the neasurenent for the purpose selected fromthe
group consi sting of evaluating predisposition for pul nonary enbol i sm
.di agnosi s of pul nonary enbolism and nmoni toring of pul nonary enbolism
35 ) 19. The method of claim 10- @ ch further conprises t aki ng
t he -neasurenent for the purpose selected fromthe
Dat e:

Abstract

iMM'UNOASSAY FOR SOLUBLE FIBRIN POLYMERS

The subject invention relates a method for the production
of monoclonal antibodies. The method utilizes an immunized
germfree animal. The invention also provides methods for the use
of such monoclonal antibodies, and polyclonal antibodies derived
from an immunized germfree animal, for in vitro and in vivo
clinical diagnostics and therapeutics. Also, the subject
invention provides a fibrin-specific monoclonal antibody.

(No appropriate figure)
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-91- group consi sting of evaluating predisposition for
enbol i sm di agnosi s of pul nonary enbolism and nmoni toring of pul nonary
enbolism. 5 20. The nmethod of claim9 which further conprises
taki ng the neasurenent for the purpose selected fromthe gr oup

consi sting of evaluattng predisposition for di ssem nated i ntravascul ar
coagul ation, diagnosis of 10 dissem nated intravascul ar coagul ati on and
noni tori ng of di ssem nated i ntravascul ar coagul ati on

pul monary
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21. The nethod of claim 10 which further conprises taki ng the
nmeasurenment for the purpose selected fromthe 15 group consisting of

eval uati ng predisposition for di ssem nat ed i ntravascul ar coagul ati on,
di agnosi s of di ssem nated i ntravascul ar coagul ati on and nonitoring of
di ssem nat ed i ntravascul ar coagul ati on. 20 22. The net hod of
claim9 which further conprises taki ng the neasurenent for the purpose
selected fromthe group consi sting of evaluating predisposition for

st r oke, di agnosi s of stroke and nonitoring of stroke. 25 23.
The nethod of claim 10 which further co i ses t aki ng the neasurenent
for the purpose selected fromthe IH? up consisting of evaluating
predi sposition for stroke, di agnosi s of stroke and nonitoring of
stroke. 30 24. The nmethod of claim9 which further conprises
taki ng the neasurenent for the purpose selected fromthe’ gr oup

consi sting of evaluating predisposition for - intracardi ac thronbi
formed as a result of atrial
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fibrillation, diagnosis of intracaradiac thronbi forned as
of atrial fibrillation and nonitoring of

-92- intracardiac thronbi forned as a result of atri al

35 a result

fibrillation.

3/9

POLYMERS
C=DesAABB NON CROSS

LINKED POLYMERS

A=NORMAL PLASMA
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25. The nethod of claim 10 which further conprises taki ng the
nmeasurenment for the purpose selected fromthe group consi sting of

eval uating disposition for intracardiac thronbi formed as a result of
atri al fibrillation, diagnosis of intracardiac thronbi fornmed as 10 a
result of atrial fibrillation and nonitoring of i ntracardi ac t hronbi
formed as a result of atrial fibrillation. 26. An in vitro
nmet hod for the detection in a 15 nanmalian sanple of those species which
forma conpl ex with the MHL anti body, which nethod does not detect

t hose speci es which do not cross-react wwth an MHL anti body, whi ch
nmet hod conpri ses contacting a na 9 an sanple with a substance able to
crossreact with those species which 20 forma conplex with the Ml

anti body wherein the substance does not crossreact with those species
wi th which an MHL anti body does not cross-react and detecting the

Cross- reacting species. 25 . 27. The nmethod of claim26 in
whi ch the substance is.
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28. The nethod of claim 26 in which the species form ng a conpl ex
with the WHL anti body is neasured. 30 29. A kit for assaying

t he amount of sol uble crosslinked DesAABB fibrin polymers and sol ubl e
non- crosslinked DesAABB fibrin polymers which conprises:

(a) measured anounts of standards containing 35 sol ubl e crosslinked

DesAABB fibrin pol yners and soluble non-cr ossl i nked DesAABB fibrin
pol ymers; and
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- 93 - (b) means for detecting soluble crosslinked
DesAABB fi brin polynmers and sol ubl e non-crosslinked DesAABB fi brin

pol ymers. 30. A kit according to claim29 in which the neans
for detecting the soluble cross-linked DesAABB fibrin

pol ymers and the
sol ubl e non-crosslinked DesAABB fibrin polyners is an anti body. 10
31. AXkit according to claim29 in which the anti body is MH.
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ABSORBANCE (490nM)
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This is the replacenent sheet
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1. A method for the #2itro detection of the presence or amount of soluble

crosslinked DesAABB fibrin polymers and soluble non-crosslinked DesAABB fibrin
polymers in a mammalian sample, which comprises contacting said sample with an

We Claim :

antibody or an immunoreactive fragment thereof which specifically binds to soluble
crosslinked DesAABB fibrin polymers to form an immunocomplex therewith, which
antibody or immunoreactive fragment thereof does not specifically bind to: (a)
fibrinogen, (b)fibrinogen degradation products, () DesAA fibrin monomers, (d)
DesAA fibrin polymers, (¢) DesAABB fibrin monomers, (f) crosslinked fibrinogen, (g)
DesAA fibrin monomer-fibrinogen complex, and (h) fibrin degradation products, and

detecting the presence or amount of said immunocomplex.

2. The method of claim 1, in which the antibody specifically binds to the
epitope recognized by the monoclonal antibody designated MH1 produced by
hybridoma ATOCC HB 9739.

3. A method for the # oitro detection of soluble crosslinked fibrin
polymers and soluble non-crosslinked fibtin polymers in a mammalian sample, which
comprises contaéting the sample with a substance able to detect soluble crosslinked
DesAABB fibrin polymers and soluble non-crosslinked DesAABB fibrin polymers and
which substance does not detect: (a) fibrinogen, (b) fibrinogen degradation products,
(c) DesAA fibrin monomers, (d) DesAA fibrin polymers, (¢) DesAABB monomers, (f)
crosslinked fibrinogen, (g) DesAA fibtin monomer-fibrinogen complex and (h) fibrin
degradation products.

4. The method of claim 3 in which the substance is comprised of at least
one antibody able to form a complex with soluble crosslinked DesAABB fibrin
polymers and soluble non-crosslinked DesAABB fibrin polymers, wherein the antibody
does not crossreact with : (a) fibrinogen, (b) fibrinogen degradation products, (c)
DesAA fibrin monomer, (d) DesAA fibrin polymer, (¢) DesAABB monomers, (f)
crosslinked fibrinogen, (g) DesAA fibrin monomer-fibrinogen complex and (h) fibrin
degration products.
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