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-1- I\;ETHCD FOR THE PRODUCTI ON OF MONOCLONAL ANTI BODI ES UTI LI ZI NG P3G ReE
ANI MAL 1.°FI ELD OF THE | NVENTI ON The subj ect invention relates a nmethod for

t he productlon -of “rronocl-onal antibodi es. The nethod utilizes an i munized
gernfree

Rl The |nvent|on al so prquides a nethod for the use of such
nDnocIona el polyclonal ti bodi es derived from an i mmuni zed
- gernfree a '}ﬁumi i vitro and in vivo clinical diagnostics and _
therapeutl subject i nvention provides a fibrin-specific '
nonocl onal anti body. 2. BACKGROUND OF THE | NVENTI ON Kohl er and MIstein are
generally credited with having devised the techniques that successfully

ybri domas (G Kohl o and 1w | E2ELR of SHEE SRR 2o B 20551 18,
Bur. J., I'nmunol. 6, fﬂé‘éﬂﬁgeCESQJJEﬂ n 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 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.
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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

15

.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 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.

20

25

Antisera derived from vaccinated animals are
variable mixtures of polyclonal antibodies which never can be
reproduced identically. Monoclonal antibodies are highly
specific immunoglobulins of a single type. The single type
of immunoglobulins secreted by a hybfidoma 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
3 protein, an antigenic determinant may be one of the many
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i nst ance, idepemding iogerthies determinant that induced their formation:
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produces are identical. Furthermore, the hybridoma

but for any given hybridoma, all of the antibodies it

cell line

is easily propagated in vitro or in vivo, and yields
monoclonal antibodies in extremely high concentration.
A monoclonal antibody can be utilized as a probe to

10 detect its antigen. Thus, monoclonal antibodies have been

used in in vitro diagnostics, for example, radioimmuncassays

and enzyme-linked immunoassays (ELISA), and in in vivo

diagnostics, e.g. in viveo imaging with a radiclabeled

monoclonal antibody. Alsco, a monoclonal antibody can be

15
antigen.

However, before a monoclonal antibody can
utilized for such purpose, it is essential that the

utilized as a vehicle for drug delivery to such antibodies’

be

monoclonal antibody be capable of binding to the antigen of

20 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

25 numerous, for example, perhaps several thousand, monoclenal
antibodies may have to be screened before a hybridoma that
produces an antibody that is capable of binding the target
antigen is identified. Accordingly, there is the need for a
method for the production of monoclonal antibodies that

antibody to the target intigen.

3. SUMMARY OF THE INVENTION

increases the likelihood that the hybridoma will produce an

The subject invention provides a method for the

production of monoclonal antibodies to an antigen comprising:
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protein, an antigenic determ nant may be one of the many -2- peptide
sequences ‘(generally 6-7 amino acids in length; MZ Atassi, 1980, Ml ec.
.Cell. Biochem 32, 21-43) within the entire protein nolecule. Hence,

nonocl onal anti bodi es rai sed against a single antigen may be distinct from
each other depending on the determ ndi~ that induced their formation; but
for any given hybridoma, all of the antibodies it produces are identical.

Furthernore, the hybridonma cell line is easily propagated in vitro or in
vivo, and yields nonoclonal antibodies in extrenmely high concentration. A
nonocl onal anti body bq pldhinliizZ S

ﬂ??@?r%ﬂi ‘%.91*?1 téaﬁﬂd,g%{x]%enThus,

S
nonocl onal anti bodi es Have been usgdgiﬁaln Vi I'agnostics, for npl e,
r adi oi nmundeR PEFB I RERRAN- BTG P ERLAS sB9 sPredyesantgihedies it/ vo

said antigen,

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

(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
10 (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 invention also '
provides a fibrin-specific monoclonal antibody and methods
for utilizing such a monoclonal antibody.

S

15

4. DETAILED DESCRIPTION OF THE INVENTION
4.1. THE GERMFREE ANIMAL
The subject invention relates to the use of a
germfree animal for the production of monoclonal antibodies.
Germfree animals were first developed in the latter part of

the 19th century and have been utilized extensively since
such time.
25

20

A germfree animal is a gnotobiote that is free from
all demonstrable associated forms of life, 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 isolator conditions and in which the
composition of any associated fauna and flora, if present, is
fully defined by accepted current methodologyf (It should be

noted that all mice carry a latent leukemogenic virus and,
35
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di agnostjcs, e.g. in vivo imaging with a radiol abel ed nonocl onal anti body.
Al so, a nonocl onal antibody can be utilized as a vehicle for drug delivery
to such antibodi es’ antigen. However, before a nonocl onal antibody can be
utilized for such purpose, it is essential that the nonocl onal antibody be
capabl e of binding to the antigen of"#Titerest; i.e., the target antigen.
This procedure is carried out by screening the hybridomas that are forned
to determ ne which hybridomas, if any, produce a nonoclonal antibody that
i's capable of binding to the target antigen. This screening procedure can

b t edi | tht Y ﬁﬁngl rh everal ,t housand,
me;n\(;glr gnafgégg?{)%anl s n”‘h a\r/e 0 ‘Le lggl’ ee é%mgg'g&r ggi %ﬁ\ér FHSHH t Eat

J
produces aheukendyeryic heirus shikblhe onsidened ahgerafyee animgdnfes

identifiedenAcGRfAbad §s tHErQubfedt iRt iRy, )@ method for the production
of nonocl onal . ‘ant1 bodi es t hat iﬁ%?eases t he |I£e|ih00d t hat the hybridoma
will produce an The essence of a germfree system is the provision

of barriers against the entry of unwanted microcbial invaders.
In addition to the physical barriers of plastic, metal,
rubber and glass which enclose the animals, the systen
requires the operational barriers of air filtration, food and
water sterilization, manipulation by gloves, which form an
integral part of the barrier system. Also, the entry of

10 supplies to the isolator should be performed under sterile
conditions.

5

It is believed that any germfree animal can be
utilized in the subject invention. The most common germfree
animals are mouse, pig, rat, rabbit, guinea pig, goat, sheep,

primate and poultry with a mouse being preferred, especially
a Balb/C mouse.

15

4.2. PRODUCTION, CARE AND MAINTENANCE
OF GERMFREE ANIMALS

20 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
25 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
30 ©f which is incorporated herein by reference.
What follows is a summary derived from the article
Wostmann, B.S. ed., (1970) Gnotobiotes Standards and
Guidelines for the Breeding, Care and Managemént of
Laboratory Animals, National Research Council, National
a5 Academy of Sciences, Washington, D.C. describing the
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antibody to the target antigen. 3. SUMVARY OF THE I NVENTI ON The subj ect

i nvehtion provides a method for the production of nonoclonal antibodies to
an antigen conpri sing: -3- (a) imunizing a gernfree animal with said
antigen to permt antibody-producing_%glls to produce antibodies to said
antigen, (b) renmoving at |east a portron of said antibody-producing cells
fromsaid gernfree animal, (c) formng a hybridoma by fusing one of said
anti body-producing cells with an inmortalizing cell wherein said hybridom
i s capabl e of produci ng a nonocl onal antibody to said antigen, (d)

prOpagatin%f%%h@thbﬂﬂiéﬁﬁﬁ,aﬂadmaintenance of germfree rats and mice.

It should be noted that such production, care and maintenance
is similar for other animals.

ROOM ENVIRONMENT

5 The facilities, equipment, and husbandry procedures
shall be designed and operated so as to 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

10

animals, to make the food and water readily available, 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 the
15 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 structure should be

25

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
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 isclator temperature between 22° and
26°C (72° and 78°F). '

35

This Sheet Has Been Replaced

LT T

! THIS © HAS peey
' (LI oud of
- L ,.}



(e). harvwesting the nonocl onal antibodi es produced by said hybridoma. The
subj ect invention also provides nethods for utilizing a nonoclonal antibody
or a polyclonal antibody derived froma gernfree animal. The subject

i nvention also provides a fibrin-spedi<fic nonoclonal antibody and net hods
for utilizing such a nonocl onal antibody. 4. DETAILED DESCRI PTI ON OF THE

| NVENTI ON 4.1. THE GERMFREE ANl MAL The subject invention relates to the use

of a gernfree animal for the production of nonoclonal antibodies. Gernfree
animals were first developed in the |latter part of the 19th century and

have been utilized Uity y enrelative hupiditycfRi} cehawlddreis a
gnot obi ot xdptatat THe ey BoifordeTevelr 8l g0a660pestent | orndwebet| f €,

ncL U 19 JEE SHG A U5 el By oBERARE R g Bl AEL S aghoRlYL T o
percent RH is recommended.

Ventilation. The room=-air changes should be
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 chemicul fumes.

10 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 Press, London;
Trexler, P.C. 1968. Equipment design and management:
Transport 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)

Complete exclusion of environmental microbes
requires an absolute barrier. The successful operation of
20 " the isolator depends on the maintenance of that barrier at

all times. There are two general types of isclators
available, metal and plastic. Some metal units are built to
withstand internal steam pressure of 20 psi (1,4069/cm2).
(See Reyniers, J.A. 1959. Design and operation of apparatus
25 for rearing germ-free animals. Ann. N.Y. Acad. Sci. 78:47;
Miyakawa, M. 1959. The Miyakawa remote-control 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.).

15

The flexible~film isolator (See Trexler, P.C., and
L.I. Reynolds. 1957. Flexible film apparatus for the rearing
and use of germfree animals. Appl. Microbiol. 5:406) is now

35 the most widely used unit. It is usually made of flexible
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by aseptic cesarean section or sterile hatching of eggs that is reared and
conti nuously nai'ntairned w th gernfree techni ques under isolator conditions
and in mhlch t he conposition of any associated fauna and flora, if present,
is fully ab eeaBeptqoéded current nethodol ogy. (It should be noted that
all mce c eukeanenlc vitus and, therefore, a nouse that
woul d be g ﬂ# such | eukenogeni c virus shal |l be considered a
gernfree anlnal urpose of the subject invention.) The essence of a
gernfree systen1|s the provision of barriers against the entry of unwant ed

: i i [ nmet al ,
Cueber ane ofEEGATed VA o B ERGBRKIATRL oL RGP LON 0
oper ati onal P23kt APLEY 49 isPeglifds, nPB@E-aththex SYE#JIW&dﬂlﬁnqm a
mani pul at i onl fyge| tuss ,ofMtiyQlerf,0tfedNat each end, can be sterilized in

an autoclave. (See Lev, M. 1962. An autoclavable Plastic

unit for rearing animals under germfree conditions. J. Appl.

5 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.

‘ ' A special cylinder for sterilizing food and
10 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 condensation 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 isoclators. Lab. Anim. Care.
20 13:591).

15

STERILIZATION

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
sterilization. It is particularly suitable for porous itenms
that are heat-stable. Every area that can -onceivable harbor
microbes must be brought intoc direct contact with steam.
Exposure time is related to the temperature used. It is
recommended that the least accessible portion of the load
(the center of the packages) be exposed for 2 minimum period
of 15 minutes at 121°C (250°F). Higher temperatures and
shorter exposure periods may be used after careful testing to

25
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integral part of the barrier system Also, the entry of supplies to the

| sol ator should be perfornmed under sterile conditions. It is believed that
any gernfree aninmal can be utilized in the subject invention. The nost
common gernfree ani mal s are nouse, pi rat, rabbit, guinea pig, goat,
sheep, primate and poultry with a nD e berng preferred especially a

Bal b/ C nouse. 4.2. PRODUCTI ON, CARE AND MAI NTENANCE OF GERMFREE ANI MALS
There have been numerous publications concerning the production, care and
mai nt enance of gernfree animls. For exanple, Wstnmann, B.S., Ed.

Gnot obi ot es:_ St andard f Br eedi d t
Chot o1 ot oS Y 300, CUSRhuREd LRLADE FAEUD g G S Megageer
Sci ences, \Redimgt,omndotheromatetiaiesare/ ¢t p primary  impert@ncd ree Ani mal

i n Resear C%srﬁfi@edﬁact '%rhpes%telagxnﬁgﬂed'g@@on g d |V?P.§ﬁr\$§ constant and
J.R,.Gilotobiotics, iIn Hand

predictable.

Dry heat has been used for sterilization of the air

5 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).

10 Peracetic acid (CH3COOOH) 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

15 use of germfree 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 cbtained by
hysterectomy, or HgCl, to introduce eggs under sterile

20 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

25 and dietary components to produce toxic or undesirable
compounds. Because of its flammability 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.
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Laboratory 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. Wiat follows is a summary derived fromthe article
Wst mann, B.S. ed., (1970) Gnotobiotes.gdt andards and Cuidelines for the
Breedi ng, Care and Managenent of Laboratory Animals, National Research
Council, National Acadeny of Sciences, Washington, D.C describing the
production, care and mai ntenance of gernfree rats and mce. It should be
noted that such production, care and naintenance is simlar for other

ani mal s. ROOM ENVI RONMeMbrine ffdditiratiies, ofqliguids, candbéusbeddty avoid

i r onmont 25 e, (U M, RGN cilsl nitiotinds £16 fBELTUEE
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.

INTERNAL ENVIRONMENT

Temperature. The internal isolatur temperature is
a function of the room environment and should be maintained
between 22° and 26°C (72° - 78°'F).

10

Humidity. The isolator is subject to condensation
of moisture in cases of overloading, inadequate ventilation,
or both. Air entering the 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 central source or from
individual blowers for each unit. A turbine-type air
20 compressor is recommended for a central air supply system

because the o0il piston type tends to atomize oil into the
air-supply lines.

15

An air diffusion isclator (See Trexler, P.C. 1968.
Equipment design and management: Transport of germ—-free
animals and current developments in egquipment design, p. 23-
35 In M.E. Coates {ed]}. The germfree animal in research.
Acadenic Press, london) is not subject to loss of ventilation
in the event of 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.

Emergency Safeguards. Adegquate 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.

25
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ani nal s. , The cages, feeders and waterers shall be so de5|gned -and ..
fabricated as to afford maxi num confort for the aninmal ke the food
and water readily available, and to nake cl eaning and s ° emmxd
practicable and efficient. A desirable floor plan for ex

work shoul d consist of: 1. a work ard®or assenbl i ng an the
I solators, 2. an area for maintaining the isolators with anlnals and 3. a

| aboratory area for the routine nonitoring of the gnotobiotic envi r onnent .
An of fice and diet- preparation area may be incorporated in the floor plan.

St andar ds CSrLEHE e e A S0 Al el a3 e PRALSaYg FE=UTE . 11

a ousl ng conventi ona ratory ro
structure %ho%ﬂ%ﬁ%ﬁ??ﬁ%%c? prRpfaninpls.ndukathe Beyer igprdintel dapger
MDoi Ssture- 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 stoppers. 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
is recommended. An audiovisual alarm system gshould be
incorporated in a centrai air system to be actuated by a drop
in line pressure in the event of either loss of power or
mechanical failure. Similar alarm systenms should indicate
undesirable fluctuations in the temperature of the air
supply. For individual isclator air systems, continuous
graphic monitoring of the room environment is recommended.

10

15

CAGING AND INTERIOR EQUIPMENT
Equipment. A basic list of equipment for an
isolator may include cages with secure lids, water bottles
20 and food hoppérs, 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-guart diet can, spoon, culture tubes, paper bags, and
25 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. 2 (970cm2). In many circumstances more

35 space per animal may be needed.
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pr oof .

t hr oughout the year.

Li ghting should be uniform wth the sanme |ight-dark cycle

- chem cal
bel ow. Tenperature. The generally agggpted ani mal room tenperature of

21[err]-27[err]C(70[err]-80[err]-F) may need to be adjusted downward to
- keep the isolator tenperature between 22[err]
78[err]F).

during

10

15

20

25

35

sterilization,

and 26[err]C (72[err] and

-6- Humdity. The relative humdity (RH) should be kept at
the human confort |evel of 40-60 percent. However, when roomair is used to

ventilate the isol atmiplé0r S0 gty ahie redomtenGe@nFEOELUspaEat peat i on. The
roomalr

ngs

TABLE 1 Amount of Floor Space Recommended per Animal for
Caged Mice and Rats

Maximum
Category Spacg perzhnimal Population
Number Weight (q) in. (em®) Per Cage
MICE
1 up to 10 6 ( 40) 40
2 10 - 15 8 ( 50) 30
3 15 - 25 12 ( 75) 20
4 over 25 15 ( 95) 16
RATS
g up to 50 15 ( 95) 50
2 50-100 17 (110) 50
3 100-150 19 (125) 40
4 150-200 23 (150) 40
5 200~300 2% (185) 30
6 over 300 40 (260) 25

MISCELLANEOUS RECOMMENDATIONS

Freon tests for minute leaks are recommended to

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

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.

Ventil ation should rapidly renove any funmes caused by
and the climate should be controlled as specified

ng?{lxg’ff é«?z(-) uxlugcg Cand’ fr.]'caitcsi %rgcotrgi;x%n@éewgggkgl &rgﬁ‘ if yoos gener ated
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chem cal sterilization. Ten to fifteen air changes per hour are
recommended. Head masks WitH fresh-air ventilation should be available to

pr ot ect persmagg&}ﬁgg d to dangerous | evel s of chem cal fumes. GERMFREE

EQUI PMENT (S ce1968 EqU|pnent desi gn and managenent: Gener al
t echni que of rn}free 4tals, p. 1-22 In ME. Coates [ed].
t he gernfree arch. Academ c Press, London; Trexler, P.C.

1968. Equi pnent de5|gn and managenent : Transport of germfree ani mals and

current devel opments in equipnent design, p. 23-35 In ME Coates [ed]. The
gernfree aninmal in Nes S

environnental mcrobes ré Qr es an a ‘{utei ggggogk %ggpgggg.séggyggon °

e success
operation bt may ?%E#%@%rw cFemtim QRR?K#BP#FéFancElﬁPtFHEF barrier at al

ti mes. The{BrokSchiGrdEPEt Rhoty@Esand) | ivdIriconhendedl abl &, veraeliland

plastic. Sone_netal nlts e It to withstand internal steam pressure of
20 psi (1] 2685? ?]?"‘eé‘{:'heg‘}‘:I ‘

5 . DIETS, BEDDING AND WATER
GENERAL RECOMMENDATIONS
The complete formula for commercially produced
diets should be provided, listing all the ingredients and
their concentrations, including preservatives, antioxidants,
10 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) 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 synthésis in the gastrointestinal tract (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.

35
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(See Reyniers, J.A 1959. Design and operation of apparatus for rearing
germfree animals. Ann. N. Y. Acad. Sci. 78:47; Myakawa, M 1959. The

‘M yakawa renote-control gernfree rearing unit. Ann. N. Y. Acad. Sci. 78:37).
O hers are generally placed in a |arge autoclave for initial sterilization
(See CGustafsson, B.E. 1959. Lightwei.ght stainless steel systens for rearing
‘germfree animals. Ann. N Y. Acad. Sci; 78:17.). The flexible-filmisolator
(See Trexler, P.C., and L.1. Reynolds. 1957. Flexible film apparatus for
the rearing and use of gernfree animals. Appl. Mcrobiol. 5:406) is now the
nost widely used unit. It is usually nmade of flexible -7- lam nated
vinyl, nust Chateseifiddal | y theegerndiee animak ircaeseprabapheateamicspeci fic
needs. Anot Peessy PeondBije f AfineRample of such a diet is 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

5 produced (see Table 2). Supplementation with specific amino
acids rather than 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,

10 causing humid conditions and thereby limiting the number of
animals that can be housed in an isolator of a given size.
TABLE 2 Composition of Diet 1L-485 for Rats and Mice

5 Ingredient Amount per kg
DIET

Ground yellow corn (maize) 590 g
Soybean o0il meal (crude protein 50 percent) 300
Alfalfa meal (dehydrated; 17 percent protein) 35
Corn oil (once refined) 30
Nacl 10
CaHPO 2H (o) 10
20 caco.* 5
Lyszﬂe (feed grade) , ' 5
Methionine (feed grade) 5
B.H.T. (butylated hydroxytoluene) 0.125
Trace mineral mix 0.25
VITAMIN MIX
25 A 26,000 JIU
1,000 1IU
E?a tocopherol acetate) 225 =ng
(menadione) 90
Riboflavzn 30
Pantothenic acid 285
Niacin €5
30 Choline chloride 2,000
B (0.1 percent trituration in mannitoel) 2
Thamine HC1 65
Pyridoxine HCl 20
Folic acid 10
Para-aminobenzoic acid 50
35
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‘T'arge tube of nylon, tied at each end, can be sterilized in an autocl ave.
(See Lev, M 1962. An autoclavable plastic unit for rearing ani mals under

- gernfree condi'tions. J. Appl. Bacteriol;-25:30). Plexiglass isolators and
di sposabl e jlexible-filmunits al so have been devel oped. Many of these are

| i ght enough to be stacked two or three high on a rack, a feature that

conserves floor space. 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 facil,,tate air renoval in a high-vacuum
autocl ave (See Trexler, P.C. 1963. AN isolator systemfor control of

contam nation. Lab. Anim Care. 13:572). Alternatively, the cylinder may be
fitted with a drain tube vented to the at nosphere for renoval of air and
condensation during sterilization wi thout the benefit of a vacuum (See
Jawor ski, NTRACEMENERAL MJX |(spmmexmirl Refinenent of the cyllnder technlque
for supplylng”ﬁe?ﬁﬁ?%ﬁ5§QﬂﬂﬁanF§° Lab. Anim Care.

errous carbonate 20
Cu as copper oxides 2
Zn as zinc oxide 15
I as calcium iodate 1.5
Co as cobalt carbonate 0.6

Stear sterilization (See Reddy, B.S., B.S.
Wostmann, and J.R. Pleasants. 1968 Nutritionklly adequate
diets for germ-free animals, p. 87-111 In M. E. Coates {ed].
the germ-free animal in research. Academic Press, London)

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

Gl pre-sterilization vacuum, whenever possible,
of at 1easi&§%:z;. Hg)will assist steam penetration of the

a cl ve or cylinder vented to the atmosphere. A
vacuun of 8 in. Hq)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 eguipment 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, sterilizﬁtion times will be
relatively shorter.

10

diet i
15

20

3. A post-sterilization vacuum will speed the
Teduction of temperature of the diet. This will avoid

Unnecessary heat destruction of nutrients. However, the

design and performance of the apparatus must be adeguate to
avoid leaks during this stage of the operation.

30 In steam sterilization of diets, the goal is to
avoid both incomplete sterilization and unnecessary
hutritional damage caused by excessively prolonged heating.

Although some nutrient loss is unavoidable, guite acceptable
Tesults may be obtained by manipulation of:
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13:591) .. STERI LI ZATION Al'l equi pment, food, bedding, water, and air used in
the isolator nust be absolutely sterile. The nethods and conditions
. enpl oyed are determ ned by characteristics of the individual itens. Steam
under pressure is the best-known net&r of sterilization. It is
particularly suitable for porous itens that are heat-stable. Every area
“that can Conceivabl e harbor m crobes nust be brought into direct contact
Wi th steam Exposure tinme is related to the tenperature used. It is

{ho packages) be expBbd PFARGEh FARTHUTOH Dt A% taAPeraERrE o1 Fap)
(250[ err] FpreHsgesilieapéont an@spast-sterilkizaximos vasuyer,i otd pellet used
after carefyl,gtesting to
(b) The water content of the diet. An increase in
water content leads to better recovery of B vitamins after
5 sterilization (See Zimmerman, D.R., and B.S. Wostmann. 1963.
Vitanin stability in diets 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 quality of the diet, is recommended. A change in
10 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. Wostmann, and
J.R. Pleasants. 1968. Nutritionally adequate diets for germ~-
free animals, p. 87-111 In M.E. Coates [ed]. The germ-free
15 animal in research. Academic Press, London; ley, F.J.,
J.Bleby, M.E. Coates, and J.S. Paterson. 1969. Sterilization

of laboratory animal diets using gamma radiation. Lab. Anim.
3:221)

Techniques and dosimetry will depend on equipment
20 and type of radiation. Although, in general, radiation
sterilization is considered to result in less destruction of
nutrients, it is at present recommended that diets be
sterilized with steam.

25 TEST 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

30 isolator and its animals should be periodically
microbiclogically monitored. Such monitoring is necessary to
test for accidental contaminations resulting from breaks in
the isolator barriers or from inadequate sterilization of the
isclator or its contents. This can be accomplished as

35 described in Wostmann, B.S., Ed., Gnotobiotes: Standards and
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-8- ensure
and ot her
penetratio
for steril
1959. The

Sci. 78:37;

sterility. Standard package size and density of diet, bedding,

materials are of primary inportance to assure that the steam

ntinmne will be constant and predictable. Dry heat has been used

i zation of the air supply fagethe isolator (See Myakawa, M

M yakawa renote-control gernfree rearing unit. Ann. N Y. Acad.

rearing germfree animals. Ann. NY. Acad. Sci. 78:17). Peracetic acid

(CH3

is wdely used on heat- sensitive, non-porous materials,

especi al | y t@Geidekines o£97 |the Breeding Sazei andsMabagement préabenatory
sol ution Wi t inamdes | | Nt RErel p(é&sa&rcme@ohn@qe Raexbfal Rchean?anL .

Reynol ds. 19 7 Flexile fil p t he rearlng and use of gernfree
anYnaIs ﬁT%?%bP%ﬂ h%Péﬁﬁﬁ)éﬁﬁar WIPEIS 283R%e used for speci al

situations

10

15

20 -

25

35

eg,
ESTIMATION OF NUTRIENT 1OSS DURING STERILIZATYON

/
As a useful check on the loss of vi.al 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 ghould 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, ané never for longer'than one month, and

that (b) storage time of sterilized diet inside the isolator

should be one week or Aess and must never exceed ten days.

BEDDING

Bedding s%ould 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 a result of the sterilization procedure.
Dustfree whit¢ pine chips (sawdust) and shavings are
recommended. Basswood and poplar shavings or crushed corn

cobs are acteptable. Diatomaceous products, cedar, resinous

woods, and hardwoods are not recommended. Ethylene oxide
sterilizacion should not be used until the question of
possibli: formation of harmful compounds has been clarified.
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hypechl orites, iodophors, or quarternary anmoni um conpounds-in the liquid
trap to introduce newborns obtained by hysterectomny, or HgCl[err] to
-introduce eggs under sterile conditions prior to hatching. Ethylene oxide
(ETO may be used to sterilize nonwetijqbl e heat-sensitive itens.

Sterilization tine is dependent on the tenperature, humdity, pressure, and
concentration of ETO ETO may react chemcally with bedding and dietary
conponents to produce toxic or undesirabl e conpounds. Because of its
flammabil ity and toxic hazards, routine use of ETO for sterilization should
be restrictwdrgp the comercially avail able gas m xtures, which contain not

nmore than 20 percent ELO, .Fi | as Ll Ler C nly, us for
sterilization of the i kslﬁﬁ%%g#hgggghégl gt%ﬁlé}%gpasﬁab%%ﬂﬁee filters.
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 itg 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
15 the operation. 1In 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).

10

20 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
25 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 disinfection of
the operative site. Anesthesia is accomplished
preferentially by dislocation of the cervical vertebrae in
rats and mice, although an 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.
35
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-9- Menbrane filtration of liquids can be used to avoid exposure to heat,
provi ded t hese menbranes are absolute filters, for exanple, a filter that

excl udes particles greater than 0.22 microneters in dianmeter. Irradiation
by ganma rays or el ectron-beam sourcag-4may be used to sterilize diets or

ot her special itens. Dosages enployed vary from2.5 to 6 X 106 rads.

| NTERNAL ENVI RONMENT Tenperature. The internal isolator tenperature is a

function of the room environnment and shoul d be nai ntai ned between 22 and
26[err]C (72[err] - 78[err]F). Humdity. The isolator is subject to
condensation of noi sbetéveny cafethefyaing kyadivsferotemygrhrougbnai | ati on,

or both. Ab%g%%frhaﬂbi-ﬁﬁe'ﬁ 1965 et b 00 RAIRUS QRAITHAHE. . RHindid

pref erabl y above 40 Eercent R lgq)y The | sol ator shoul'd _have 12 to
20 air Reyniers s ainless-steel surgicZl 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 film to maintain the integrity of the upper
compartment. The female, prepared for surgery, is placed in
10 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 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 nmylar 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 toc the exposed
20 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 hemostats between the
peritoneal wall and the viscera may be helpful. The uterus
is then opened and the young removed. The fetal membranes
25 are removed, and the umbilical cord is clamped and cut. The
young are gently dried and massaged to stimulate respiration.
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 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. Following the

15

35
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changes per hour and a positive pressure of 3-5in. (8-13 cm of water. Air
may be supplied froma central source or fromindividual blowers for each
unit. A turbine-type air conpressor is recommended for a central air supply
system because the oil piston type tends to atonmize oil into the air-supply
lines. An air diffusion isolator (Seelfrexier, P.C 1968. Equi pment design
and managenent: Transport of germfree animals and current devel opnents in
equi prent design, p. 23- 35 In ME Coates [ed]. The gernfree animal in
research. Academ c Press, London) is not subject to loss of ventilation in

t he event o ' di. , y. has_t he disa f
fe\i/erval r a%géé%s‘l péaraédlousﬁ'lé_g \" g p?E?ﬁ%oﬁﬁEﬂ% ‘]5%%% \fgl %ngﬂrtg’ t hat
could help ?ﬁf@v’e]rﬂ e enfﬁ%d-‘th&)ﬁ\mﬂoslﬂél pracedureakepeated om the barri er.

Emergency Saientipsnil dasuptimenai@y.sions for the naintenance of air

[ I tor [ the event of ower failure or nechani cal
F;?Fﬁ?;enng:hbg LPgVIS & % e young by gysterotomy is more common

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

The infants are ther given to the foster mother .or hand
reared.

5

10

15 Hysterotomy may be used successfully for mice,

rats, and swine. 1In guinea pigs, however, hysterotomy is
preferred, since a high mortality occurs if as much as two
minutes elapses between the severance from the maternal blood
supply and delivery inside the isolator.

20

- BREEDING SYSTEMS IN GNOTOBIOTiC COLONIES

INBRED STRAINS
The usual brother X sister mating system employed

in conventional breeding colonies can also be used in

25 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 systém does not decrease the rate of
inbreeding to the maximum extent possible. Any system of
minimal inbreeding can be used. (See Falconef, D.C. 1967.
Genetic aspects of breeding methods. p. 72-96 In The UFAQ
handbook on the care and management of laboratory animals,
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not .,nore,than a few mnutes, interruption in the air supply. -10-
Col | apse of unsupported filmisolators may eventually result in suffocation
of the animals, but the nore i mredi ate danger is that the animls may be

able to reach and damage filmor glov§§ This may be prevented tenporarily
by plugging air conduits wi th rubber oppers. The operation of individual
I solator air supplies requires only an energency power supply. A central
air system shoul d have a second turbine conpressor for standby air supply.
Graphic recording of the tenperature and pressure is reconnended An

audi ovi sualy o) N & LSS HAVAgREohBSOLER! Altithddh A G Adseaisliem (o

be actuated by a.drop in line pressuré in the event oss of power

or necham<9£“ﬂ9%¥'uﬁ@5?§§ﬁqQaF°§I&PPP§9§?E$BA%HERHcF?ﬁRHEE&E? 1969. A

guide to genetic standards for laboratory animals. National
Academy of Sciences, Washinton, D.C.).
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
10 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 micrcocbiological monitoring. 1Ideally,
this could be done by using litters from specific matings as
breeding stock for the conventional colony and using the next
litter from each of these matings as breeding stock for the
gnotiobiotic colony. 1If this procedure is followed every
second or third generation, the genetic constitutions of both
20 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

25 consequences will be identical, provided the same procedures
are followed.

15

RECORD-KEEPING (See Wolff, G.L. 1967. Practical
mating systems and record-Keeping in a breeding coleny. p.
97-~113 In the UFAW handbook on the care and management of

laboratory animals, 3rd ed. E. and § Livingstone, Ltd.,
London) .

Proper records should be kept for tﬁe animals and
for the maintenance ¢of the isolator. The animals’ records

35 should determine the efficiency of the operation and the
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undesji rabl,e fluctuations in the tenperature of the air supply. For

I ndi vi dual isolator air systens, continuous graphic nonitoring of the room
-envi ronment i s recommended. CAG NG AND | NTERI OR EQUI PMENT Equi prent. A
basic list of equipnment for an isolator may include cages with secure |ids,
wat er bottles and food hoppers, prot@dtive cloth gloves for the rubber

‘gl oves, an extra door gasket or cap closing ring, |long rubber-tipped
forceps, henobstats, scissors, a towel, gauze sponges, a two-quart can for
hol di ng i nstrunments, a covered four-quart diet can, spoon, culture tubes,

paper bagsbi?fggfaﬁft LrdEmindd e Q%&?aﬁgpaﬁkfty?geddi”g§t§§ges Shggld be

fabricated o snoot’h corrosi on- resistant nafer B %R HFE°h
i mper vi ousSheuld grairtain & ghygnakagy (Ofz eventat celatedcbastter ed

accept abl eisoratee Pb abds Lst iﬂéﬂdﬂdti%gﬁheﬁkeaéﬂdoﬂ|ﬁﬁé-bg?kiégi%?d et al
becones co&ggged.and.ls not recomrended because trace-netal contamnm nation

may i nfl uenceé %&t@ﬁ$?ﬁﬁn%ﬁc?EEUIts.

5 _ 4.3. THE ANTIGEN-FREE ANIMAL

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 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 minerals.
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 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 "antigen-free animal".

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

eating of a filter paper bedding does not result in an immune
response.

10

15

20 -

The particular CD diet for a given species would
use such components in proportions and quantities so as to
fulfill known nutritiocnal requirements for such species. The
composition and preparation of a preferred CD diet for
germfree mice is as follows:

This Sheet Hag Been R
.—-——""'"—"-_-——-M

> LT

THIS &



Cage dinensions are usually limted by the size of the entry port.

a femal e nouse and litter
ci rcunst ances nore space per ani nal
t he recommended fl oor
wei ght groupi ngs.

m ni rum area for

space per

Caged M ce and Rats Maxi mum Cat egory

Popul ati on Nunber
up to 10

50)

10

15

20

25

may be needed.
ani mae-f or
TABLE 1 Anpunt of Floor Space Recomrended per Ani nal

Is 50 in. 2.(970cnR).

mce and rats according to

The
I n many
-11- Table 1 lists

for

Space per[err] Ani mal

Wi ght (g) in. (cm) Per Cage MCE 1
go( 40) Composition anéopgeparation.gg - 15 8 (
chemically defined diet I489E14Se
Ingredient Amount
{grams/100
grams of
Ingredient)

To

192 ml Milli-Q water at 70~c the following are added:

Leucine
Phenylalanine
Isoleucine
Methionine
Tryptophan
Valine
Asparagine
Arginine HCl
Threonine
Lysine HCl
Histidine HCl

1.9

0.74
1.08
1.06
0.37
.23
0.91
0.81
0.74
1.77
0.74

The solution is cooled to 45-c and the following added:

Glycine
Proline
Serine
Alanine
Sodium glutamate
L-tyrosine ethyl ester HCl
Ferrous giuconate

Salts 35D 2

Sodium Selenite

0.59
1.48
1.33
0.59
3.40
0.62
0.05
0.105
0.074

Solution cooled to 5~c and the following added:

Calcium glycerophosphate

Magnesium glycerophosphate

Calcium chloride 2H.O

Sodium chloride - Pgtassium Iodide (KI) mix
Scontaining 680 mg KI)

Vitanmin B mix 111E5
Vitamin B12
Choline chloride
Potassium acetate

To 108ml Milli-Q water at 70~C

D-Dextrose, anhydrous was added

5.22
1.43
0.185
0.086
0.086
0.09
1.20mg
0.31
1.85

71.28

Solutions cooled to 5~C and combined both for
ultrafiltration.
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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 ~236~ 200 23 (150)

40 5 200- 300 29 (185) 30 6 over 300
40 (260) 25 M SCELLANEOUS RECOMMENDATI ONS Freon tests for

m nute | eaks are recommended to ensure the integrity of the barrier system

Each unit ghoul d be eqU|£ped mnth its, own operatlon Igg to maintain a
chronolog|§§PmP§§$FH°Gf° ;RH*?qqﬁuﬂ%Y HFt3fron1the time it

LS asserblg ngﬂﬁ% eFFFF éﬁn ig%i%g?? ?Eg in tha:
CREE, g SRHEATEATS T R

Such composition is fed to mice or rats ad libitum.

5
Composition of lipid supplement LADEK 69E6
Ingredient Amount per daily adult
dose* (0.385ml)
10
Purified soy triglycerides1 0.33g
Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalciferol 0.0288mg (1.15 I.U.)
2 ambo-alpha-tocopherol " 3.3mg
2 ambo~alpha-tocopherol acetate 6.6mg
15 Phylloguinone 72ng
*Lacating mice receive twice the normal adult dose.
1cOnsisting of: 12% palmitate
1.5% stearate
24% oleate
55% linoleate
20 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: Microflora Control

25 and Its Application to the Biomedical Sciences, B.S.
Wostmann, Ed., p. 87, Liss, New York (1985); Wostmann, B.S.,
et al., J. Nutr., 112, 552 (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 antibody to any antigen
that the animal in a nongermfree state could produce. An

35
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gl ave repl acenent. Breedi ng-perfornmance records nmay be kept in the sane
chart holder. Due to the Iimted space available inside the isolators,
paper and fol ding containers are recormended for diets and beddi ng, and for
the transport of aninmals between isekators |inked by a sterile passage.
-12- No ether should be used inside an isolator because it may expl ode when
static sparks occur. Fluothane (bronochlorotrifl uoroethane) is recommended
as a volatile, nonflammbl e anesthetic. DI ETS, BEDD NG AND WATER GENERAL

RECOMMENDATI ONS The conpl ete farnul a for connerciallz Eroduced diets shoul d
be provi deR¥ampAThg gy chantigeds appeazfdin U.S. Patent 3,935,074.

However, 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
5. epitope of the antigen. This 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.
10 The germfree animal can be immunized by standard
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.

15

20 4.5. SOMATIC CELLS
Scmatic 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 in the
25 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 particular fusion system.
However, somatic cells derived from the spleen are generally
preferred. Once primed or hyperimmunized, germfree animals
can be used as a source of antibody-producing lymphocytes.
Mouse lymphocytes give a higher percentage of 'stable fusions
with the mouse myeloma lines described hereinbelow. However,
the use of antibody-producing cells from other germfree

35
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their concentrations, including preservatives, antioxidants, and other
additions. The date of production should be clearly indicated. The
: manufacturer should guarantee that the diet is: 1. Wthin the nornal
acceptable limts of naturally occurring hornone activity. 2. Free of
addi tives containing drugs, hor non€®>anti biotics, or any ot her substance
“that may create abnormal physiological conditions or interfere with
i nvestigative procedures. 3. Free of salnonella on the basis of
statistically selected sanples. 4. Free of rodent and verm n contam nati on.

5. Free ofn, E%é%EnEEanEG BgéibfGVapﬁhé"cdeﬂE gFala bﬁ%ﬁlﬁﬁiaﬁonta'n
pat hogens I FI CATI ON D et s .of e&g{ .ani m t,contain

nor e than9ﬁ6FﬁEFer%ﬁﬁ??%n@ﬁ?ﬁ“g¥ on the FHRk g@&Wp§ﬁ§g# A8r

essential that the germfree animal have a B-lymphocyte in its

repertoire of B-lymphocytes that can produce an antibody to
such antigen.

4.6, IMMORTALIZING CELLS
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.
10 6:511-519; M. Schulman et al., 1978, Nature 276:269-270).

The cell 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
15 of growing in certain selective media 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
desired single specific antibedy 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 those deficient in antibody
25 secretion mechanisms are used. A third reason for selection

of these cell lines is their suitability and efficiency for
fusion.

20

Several myeloma cell lines can be used for the
production of fused cell hybrids, including NS-1, X63-Ag8,
NIS-Ag4/1, MPC11-45.6TGl.7, X63-AgB8.653, Sp2/0-Agfl4, FO, and
S$194/5XX0.Bu.l., all derived frem mice, and 210-.RCY3.Agl.2.3
derived from rats. (G.J. Hammerling, U. Hammerling and J.F.
Kearnly, eds., 1981, Monoclonal antibodies and hybridomas In
J.L. Turk, eds. Research Monographs in Immunclogy, Vol. 3,

35 Elsevier/North Holland Biomedical Press, New York).
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t he .heat-sterilization | oss of vitamns (especially certain B vitam ns and
vitamns A and D) and of the nutritive value of protein (reduction in

avai |l abl e | ysi ne, nethi oni ne, arglnlng and tryptophan). They nust al so
provide required nutrients, which in ®nventional animals would be

avai |l abl e through m crobial synthesis in the gastrointestinal tract (See
Reddy, B.S., B.S. Wistmann, and J. R Pleasants. 1968 Nutritionally adequate
diets for germfree aninmals, p. 87-111 In M E -13- Coates [ed].. the

germfree animal in research. Acadeqir, PreggonLondon). An exanple of such a
diet is L-485, an |nexggn5|ve di et that, K has_been exten5|v |y tested (See
Kel l ogg, T.F., and BM&§ FRin9eneEat "P&thm% ¥ et L-485.

Lab. Anim ﬁ&r@d;@ndpqarbemamhcnahéycexmm imfrﬂtﬁ&r&j .cells
SUpplenentat'Or@TiEhc%BFCHUé:ﬂ?QiQ% somatic cells with immortalizing
cells in a proportion which can vary from about 20:1 to about
1:1 in the presence of an 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 described by
10 Xohler 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
investigators were Sendai virus and polyethylene glycol
15 (PEG), respectively.

One can also utilize the recently developed EBV-
transformation technique (Cole et al., 1985, Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc:, PP. 77~
96) .

20
4.8. ISOLATION OF CLONES AND ANTIBODY DETECTION

Fusion procedures usually produce viable hybrids at
very low frequency, about 1 x 10°° to 1 x 10"°. Because of
the low frequency of cbtaining viable hybrids, it is

25 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.

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

35 indefinitely. Aminopterin blocks de novo purine and
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acids rather than increased total protein content should be considered as a
nmeans torconpensate for loss in protein quality. Increasing the total
.protein content of the diet will result in a greater consunption and
“excretion of water, causing humid conditions and thereby limting the
nunber of aninmals that can be housed-3a7= an isolator of a given size. TABLE
2 Conposition of Diet L-485 for Rats and M ce | ngredient

Anmount per kg DI ET Ground yell ow corn (naize) 590

g Soybean oil neal (crude protein 50 percent) 300 Alfal fa nea

dehydrated; 17 percent protein 35 Corn oil (once refined
go N§CI pyrlmlglne synghesgs gy lnhfgltlng the roducfg°5aﬂ§%{err]

2H err] 0 tetrahydrofolate. The addition of thynldiGeCBypaskes the
gr;ézane (Eﬁﬁgmgr%dﬁyrlmldine synth%sis, while hypoxanéifwg:q'OEHQQuﬁgﬂed
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. 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
10 (approximately two weaks), 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 overgrowing
others, the mixture of fused myeloma and B-lymphocytes is
diluted in HAT medium and cultured in multiple wells of
microtiter plates. In two to three weeks, when hybrid clones
become visible microscopically, the supernatant fluid of the

individual wells containing hybrid clones is assayed for
20 specific antibody production.

15

The assay must be sensitive, simple and rapid.
Assay techniques include radicimmunoassays, enzyme
immunoassays, cytotoxicity assays, and plaque assays.

25 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 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 ﬁyeloma cells for the original
fusion. The injected animal develops tumors §ecreting the
specific monoclonal antibody 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

35
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B.H.T. (butylated hydroxytol uene) 0.125 Trace m ner al

m x
0.25 VI TAMN M X A 26, 000
U D 1,000 IUEerr](a
t ocopherol acetate) -28- 225 ng Klerr]
( menadi one) 90 Ri bofl avin
30 Pant ot henic acid 285 Ni acin

65 Choline chloride 2,000 B (0.1

ggrcF:)spit d;g%g{%%%r{cnen@g@ito%l.) Alternatively,z t:.rtbe' aﬂ&fvgg%%lﬁ:%llaci d

10 Par a- anli itedrerceoi beaginmbpagated in vitro in laboratory c@bture
vessels. The culture medium, cohtaining high concentrations
of a single specific monoclonal antibody, can be harvested by
decantation, filtration or centrifugation.

4.10. USE OF THE MONOCILONAL 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
10 antibody.

A major use of monoclonal antibodies is in an
immunoassay, which is the measurement of the antigen-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
20 are carried out in a homogenecus solution. Immunochemical

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
25 labeled analyte.

15

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

30 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

35 specimen. Means for producing a detectable signal include
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-14- TRACE M NERAL M X (commerci al MN as manganous oxi de

65 ng Fe as ferrous carbonate 20 Cu as copper

oxi des 2 Zn as zi nc oxide
15 1 as cal ciumi odate -2~ 1.5 Co as cobalt
car bonat e 0.6 Steam sterilization (See

Reddy, B.S., B.S. Wistmann, and J. R Pleasants. 1968 Nutritionally adequate
diets for germfree animals, p. 87-111 In M E. Coates [ed]. the germfree
animal in research. Academ c Press, London) Actual procedures wll depend

on the eq¥ePNe oV FakdbaetiveéhigBelast Plvordsteils J¥MYvHed ,MRd are: 1. A
pre-speru%ééﬁélog?égciégk w&eggﬁe; 855|§Ig, of at I%gst 51 c¢m Hg (20 in.
Hg) will t AL BN PLa PEERTEPER RS IAmUNPABRAYR, AX S i nder vented
to t he atmhigliomunossay, immunofluorocescence metheds, enzyme-linked
immunocassays, 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; 3,867,517; 3,901,654;
3,935,074; 3,984,533; 3,996,345; and 4,098,876, which listing
10 is not intended to be exhaustive.
Another major use of monoclonal antibodies are in-
vivo imaging and therapeutics. The monoclonal antibodies can
be labelled with radioactive compounds, for instance,
radioactive iodine, and administered to a patient
15 intravenously. The antibody can also be 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
20 pinpointing the location of the antigen.
' By way of illustration, the purified monoclonal
antibody is suspended in an appropriate carrier, e.gqg.,
saline, with or without human albumin, at an appropriate
dosage and is administered intravenously, e.g., by continuocus

25 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 can
be used therapeutically. Antibodies with the proper

30 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 radiopharmaceutical or pharmacedfical.

35
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A vacuum of 71 cm (28 in. Hg) or nore is recomended when the supply
cylinder is not vented to the atnosphere. 2. Use of the shortest
sterilization phase that will ensure total sterility, with an added safety
mar gi n di ctated by equi pnent and skT19~ Tenper atures neasured at the inner
core of the diet should reach at least 121-C (250-F). At that tenperature
the actual sterilization phase should |last a m nimum of 15 mnutes. Wth
hi gher sterilization tenperatures, sterilization tines mﬁll be relatively

shorter S t o] I

tenperatu?gtgfag Eog g?bh#éﬁﬁb ET¥ av0| wﬁ%ﬁg§€§§§§§£ﬁ? structlon of
nutri ent s OfHaREibpaieReageswghlakaowR  (#gm fRr @& eap&ﬁ%sIs must be
adequat e @Qeafgbqtlggbgrdgrwmgaaplsssijggzé lhe operation. In steam

and nnecessary nut FEc PARET 1HanEhievad EHEY o&:&&@%r%% Bed heat ng.
derived from a germfree animal also can be utilized in

immunoassays and provide an improved result as compared to

polyclonal antibodies derived from a conventional animal.

Polyclonal antibodies derived from a germfree animal can be

made by utilizing a 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.

5

10

5. A FIBRIN-SPECIFIC MONOCLONAL ANTIBODY
5.1. BACKGROUND

The hemostatic mechanism is a complex
physioclogical response mechanism involved in repairing
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 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 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 physiological mechanisms controlling the fibrin
polymerization process involved in thrombus formation.
These include the thrombin inhibitor antithrombin III

15

20

25

35
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Al t hough sone nutrient |oss is unavoidable, quite acceptable results may be
obt ai ned by mani pul ati on of: -15- (a) Technical procedures such as
tenperature, tine pre-sterilization and post-sterilization vacuum and
pel l et size. (b) The water content =t¥3the diet. An increase in water
content |leads to better recovery of B vitamns after sterilization (See
Zimerman, D.R, and B.S. Whstmann. 1963. Vitamn stability in diets
sterilized for gernfree animals. J. Nutr. 79:318). For solid diets, a water

ctorage aUATino BEpERin.E: PRortedREabE s i, SRR R B ont o
the di et siheulfibrdnodlytdsedydyen skoh tas it isfsue)@lesmd nogephiaclt ivhgodi et
reaches st@iipgh)Ziata 4eEPeastUABting inhibitor (PAI).
The homeostasis hypothesis proposed by Astrup in
1956 Astrup, T., Blood 11, 781-806 (1956) states than an
equilibrium exists between fibrin formation (coagulation)
and fibrin dissolution (fibrinolysis). 1In the normal or
° healthy state these functions are evenly balanced. However,
when the hemostatic process is impaired, coagulation and‘
fibrinolysis are patholojically expressed as thrombosisgs and
10 hemorrhage, 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. 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 infarction,
etc.
20 °

15

The fibrinolytic process involves the conversion
of an inactive zymogen, plasminogen, to the proteolytic
enzyme, plasmin, through the action of agents known as
pPlasminogen activators. The molecular mechanism of
physioclogical fibrinoclysis 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 thrombus where it is protected from inactivation
by the main physiclogical inhibitor of plasmin, alpha
30 antiplasmin.

25

"

Upon exposure to plasmin, fibrinogen and fibrin
are broken down to their degradation products. Fibrinogen
breaks down into fragments X and ¥, and upon further

exposure to plasmin, fragments D and E. Fibrin breaks down
35
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RAD] ATI ON STERI LI ZATI ON (See Reddy, B.S., B.S. Wstmann, and J.R

Pl easants. 1968. Nutritionally adequate diets for germ free animals, p.
87-111 In ME. Coates [ed]. The germfree animal in research. Acadenic
Press, London; Ley, F.J., J.Bleby, .A4E. Coates, and J.S. Paterson. 19609.
Sterilization of |aboratory animal diets using ganma radiation. Lab. Anim
3:221) Techniques and dosinetry will depend on equi pnent and type of

radi ati on. Although, in general, radiation sterilization is considered to
result in |less destruction of nutrients, it is at present recomrended t hat
di et s be txb efrdgnreart snixt,h Y5t @awndTESTréfRn&i &t dsshinlcedrofibmin A3 il ity

achi eved WALL A GPREI oS! BLb)E7 BbhBRCR! 0P Sie: , Y UGl Baf iy | Uo

stearoth us spore st rec r1ps s
enbedded ¢lnq¢mﬁﬁxﬁn9mﬁcqqﬁﬁhim@@d Eibsintg he |solator and its animals shoul d

be periodically Assays for markers of thrombotic disorders have
been conducted until quite recently using polyclonal
antibodies in both radioimmunocassays and latex agglutination
type assays. These assays have been 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. 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
zmpazred hemostasis is hampered by both low levels of
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 III, plasmin-alphaz-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.

10

15

20

25 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 conservation of covalent structure when
fibrinogen is converted to fibrin is greater that 98% (Plow,
E.F., et al., Semin. Thromb. Haemostas, 8, 36 (1982) and,
therefore, only a2 small percentage of the epitopes on the
fibrin molecule are in fact neoantigens (and uriique to

fibrin). Many of the approaches which have been adopted to
3s
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m crobi ol ogically nonitored. Such nonitoring is necessary to test for

acci dental contam nations resulting frombreaks in the isolator barriers or
frominadequate sterilization of the isolator or its contents. This can be
acconpl i shed as described in Wsstmann, B.S., Ed., Ghiotobiotes: Standards

and -16- Quidelines for the Breeding_Care and Managenent of Laboratory
Ani mal s, National Research Council, NiSPonal Acadeny of Sciences,

Washi ngton, D.C., 1970, pp. 28-39. ESTI MATI ON OF NUTRI ENT LOSS DURI NG
STERI LI ZATI ON As a useful check on the |l oss of vatal nutrients,

determ nation of acid extractabl e thiam ne as an indicator of the recovery
2o o 1500 P B i gy el B BB 200 P
t hi ochr one. animals with soluble £ibrin fragments and synthetic pept1 es

which mimic exposed necantigenic sites on fibrin. See Hui,

K.Y., et al., Science 22, 1129-32 (1983), Scheefers-Borchel,

V., et al., Proc. Natl. Acad. Sci USA, 82,7091-95(1985),

5 Elms, M.J., et al., Thromb. Haemostas, 50, 591-94 (1983, and

XKurdryk, B., et al., Mol. Immul., 21, B89-94 (1984).

However, it is believed that the binding site of such

antibodies is conserved during the fibrin degradation

process and, therefore, such antibodies also can bind to
10 fibrin degradation products.

The subject invention permits one to take a
completely different approach and utilizes the intact fibrin
antigen in conjunction with the enhanced immunological
sensitivity of the antigen free (AF) animal to produce a

15 fibrin-specific monoclonal antibody. For the purpose of the
subject invention, a fibrin-specific monoclonal antibody
binds to f£ibrin and not to fibrinogen, the fibrinogen
degradation products or the fibrin degradation products.

20 5.2. MATERIALS AND METHODS
5.2.1. ANIMALS
Germfree BALB/cAnN mice were cbtained from the

germfree (GF) colony maintained at the University of
Wisconsin. The animals were transported to our facility

25 under GF conditions. The Antigen-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)) to an AF isolator where the mice
were immediately transferred to the chemically defined (CD)

30 AF Qiet. Their offspring, which had never directly
contacted a Natural 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
35
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Experientia 16:500). A recovery of |oss than 25 percent indicates severe

| mpai rment of general nutritional quality of the diet. Wth adequate

equi pnent and care, recoveries of 50 percent or nore should be achieved.
STORAGE OF SOLID DI ET Because of the-gewerally high cost of gernfree
experinmentation, extra care should be taken never to use diet that has
decreased significantly in nutritional value. It is recomended that (a)
nonsterilized diet always be stored under refrigeration, and never for

| onger than one nonth, and that (b) storage time of sterilized diet inside
t he i sol at emsaEGuithate thge fn@ateoroptdsthereatier maceiva ey fwd days.

BEDDI NG Bedyhiing Iigdlad shppllementd avohngswepécwesnd®ckt 24 dsyd egormended
that bedding material be easy to sterilize and not readily eaten by the

animals. It ould not yield toxic conpounds as a result of the
sterilization procedure. Dustfree white pine chips (sawdust) and shavi ngs

are 5.2.2. HOUSING

AF breeders were housed in pairs in one half of a
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 beyond the cage toc hold in place

2 lid of stainless wire. This recessed lid, which normally

fits inside a cage, was inverted to provide more adeguate

head room above the false bottom. Stainless steel collars
of appropriate size were welded to the top of the 1lid to

15 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: CRC Handbook of Immunology in

20 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
filled and inverted in their collars. The lipid supplement

25 was measured daily into the stainless steel cups. A plastic

pan was placed under each cage to receive wastes.

The filter paper which served both as bedding and

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 121'C, or was irradiated (4.5 Mrad)

5

10
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recopmended. Basswood and popl ar shavings or crushed corn cobs are
acceptabl e. Di at omaceous products, cedar, resinous woods, and hardwoods are
‘not recommended. Ethyl ene oxide sterilization should not be used until the
question of possiblte formati on of Ma&3r ul conpounds has been clarified.
-17- WATER Drinking water nust be sterilized. It may be autoclaved in
square pack flasks, Mason jars, or tanks attached to the unit. A small air

space shoul d be Ieft i nsi de each contai ner. PRINCI PLES OF CESAREAN
DERI VATI ON, CF

ess of .any. cesar gan,gper tion is keyed in
part o habinBLEREL rBAREncyKhbVITRE T T FOPRORTRRBSF s BarPY el ar y
true of anonnlendﬁcﬁ ther cagest ait orepardrdédsed when it became wet,
vyellow or dirty.
The cages were maintained inside a 1.37x0.6x0.6M
flexible isolator of the Trexler type (Trexler, P.C., Lab.
5 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, 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.

10

15

5.2.3. DIET

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

20 were Sigma tissue culture grade. Vitamins were also from
Sigma except for pure retinyl palmitate, kindly supplied by

Hoffman-La Roche, Inc. (Nutley, NJ). The other reagents

were Fisher certified or equivalent. The complete water
soluble diet was filtered cold through an Amicon Diaflo TC3

ultrafilter using three Pm10 membranes 150mm in diameter
(Amicon).

25

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
35
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for the fenale to deliver the first-pé+fspring before proceeding with the
- operation.

Philips, B.P., P.A Wlfe, and H A. Gordon. 1959. Studies on rearing the

where the

fetus may gain 20 percent of its weight in the final 24 hours
before part#rition. Tined matings are reasonably successful, but wt
animals yielding large litters (rats and mce) it may be hel pful to wait

h

I n guinea pigs, the nost satisfactory nethod is to sel ect
femal es for surgery by neasuring the spread of the pubic bones (See

gui nea pig gernfree Ann. Y Acad. Sci, 78:183). The cesarean-derived

young nustinferded dateda Heg

1;] i rst breaHe aippeix vihiydy stoppee wakcpesiovedt fxod rtie t'hggdwifistse by I
t t t
Ty o o Rentsl MOUR ol 3 sl SRLARDRY hES BTN 0F e

i sol at or.

d|5|nfe§t|
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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

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-soluble
portion of the diet.

The lipid intake was a measured 0.375ml/day.
Increasing the lipid supplement has greatly decreased 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.

TABLE 1
Composition and preparation of chemically defined diet
L48YE1Se
Amount
(grams/100 grams
Ingredient of Ingredient)
“1is Sheet Has Been Rep
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t he operative site. Anesthesia is acconplished preferentially by

di sl ocation of the cervical vertebrae in rats and m ce,

abdom nal m dline | ocal anesthetic or general

| ocal anest hesi a. Delivery of the young by hysterotony through a barrier

menbr ane requires speci al isol ator equi prent.

I
5 ol A b Rl

al t hough an

anest hesia may al so be used
wi t hout incurring serious |evels of37etal depression and nortality. Wth

gui nea pigs, surgery is generally performed after prior sedation and under

The Reyni ers stainl ess- st eel

rege life net

S e At S
| nt er nat . Blochen1 Bruxell es) has a built-in horizopt nmet a
di vi der tha %rates the upper and | ower conpartnents of he unit. The
di vi der coﬁ@%@ erin&ul ar port covered with .
Isoleucine 1.08
Methionine 1.06
® Tryptophan 0.37
Valine 1.23
Asparagine 0.91
Arginine HCl 0.81
Threonine .74
10 Lysine HCl 1.77
Histidine HCl 0.74

The solution was coocled to 45~C and the following added:

15 ,
Glycine

Proline

Serine

Alanine

Sodium glutamate
L-tyrosine ethyl ester HCI
Ferrous gluconate

Salts 35D1

Sodium Selenite2

20

25

Solution cooled to 5~C and the following added:

Calcium glycerophosphate
Magnesium glycerophosphate
Calcium chloride 2H,0

30 2
Sodium chloride-Potassium Iodide (KI

) mix

(containing 680mg KI)

Vitamin B mix 111E5°

Vitamin B12%

a5 Choline chloride
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0.59
1.48
1.33
0.59
3.40
0.62
0.05

'0.105
0.074

5.22
1.43
0.185
0.086

0.09

l.20mg
0.31
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a nylar plastic filmto maintain the integrity of the upper conpartnent..
The femal e, prepared for surgery, is placed in the |ower conpartnent with
the abdonen pressed against the nylar. Al surgical instrunents are in the
upper conpartnent, and the surgery Jjsg.perforned in this sterile area. An

I ncision i s made through the plastlc and skin with an el ectrocautery or
scal pel. The self-sterilizing electrocautery blade is preferred for skin

i nci sion. The edges of the skin and nylar are clanped together and
reflected. A sterile drape is placed over the abdonmen to cover the cut
edges of tpetssiumacetmren di sinfectant (benzal koni um chloni.gg 1:1,000) is
applied to the exposed fascia before opening the abdom nal cavity. Extrene
caution nust be exercised to avoid cutting into the bowel. The insertion of
a pair of Teoredpt Milhin@svater bt E® t he peritoneal wall and the viscera
may be hel pful. The uterus is then opened and the young renoved. The fetal

menbr anes 8r8e£§gg¥gg 94%§3;”3§2'4&*§d cord is clanped and cut. The
5

Solutions cocled to 5°C and combined both for
ultrafiltration.

Composition of salts 35D mixture given in Table 3

Added in addition to sodium selenite in Salts 35D
Composition of vitamin B mix 111E5 (see Table 4&)

Added in addition to vitamin B-12 in vitamin B mix 111E5

10

B W N e

TABLE 2
15 )
Composition of lipid supplement LADEK 69E6
Ingredient Amount per daily dose* (0.375ml)
20 Purified soy triglycerides1 0.33g
Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalciferol .0288mg (1.15 I.U.)
2 ambo~alpha-tocopherol 3.3ng
2 ambo-alpha-tocopherol acetate 6.6mg
Phylloquinone 72mg
25
*Lactating mice received twice the normal adult dose.
1cOnsisting of: 12% palmitate
30 1.5% stearate
- 24% oleate
55% linoleate
8% linolenate
35
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~young are gently dried and nassaged to stinmulate respiration. 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 femal es without serious risk of

cont am nation. Cesarean delivery my =3%p be acconplished using a plastic

I sol ator 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.

Fol | owi ng t he -19- operation the s&h I_EEn:,the pl astic barrier can be
closed with sterile tape and the surgi cedure repeated on additional

gravid femal es. Delivery,phoLei¥RUaE Life hy5ShesLi LEYuiRedRE e common

Salt Amount (per 300ml of diet) (mg)

5
Mn(acetate)2 4H20 . 55.4
Zuso4 HZO _ 40.6
Cu(acetate)2 Hzo 3.7
Cr(acetate)3 xzo 2.5

10 NaF 2.1
SnSO4 ZHZO ' ‘ 0.37
(NH4)6 Mo7024 4320 0.37
NiCl2 BHZO 0.37
Co(acetate)2 4320 0.11

15 Na3V04 0.22
Nazseo3 0.096

TABLE 4
Compesition of the Vitamin B Mixture 111E5
20 .
" Ingredient Amount (mg)/300ml Diet)
Thiamine HCl 1.23
Pyridoxine HCl 1.54
25 Biotin 0.25

Folic Acid ' 0.37

Vitamin B12 0.37

Riboflavin - 1.85

Niacinamide : 9,2
30 i-inositol 61.9

Calcium pantathenate 12.3

Water was Milli-Q ultrafiltered grade and was

filtered into the isolator in the same manner as the diet.

35 e e
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when plastic isolators are used (See Foster, H 1959. A procedure for
obt ai ni ng nucl eus stock for a pathogen-free animal colony. Lab. Anim Care
9:135). The uterus is aseptically exposed and cl anped just anterior to the
cervix. The excised uterus is transferred into the gernfree unit through a
liquid germcidal trap. Once inside thgo+solator, the young are delivered
as rapidly as possible to prevent aspiration of fetal fluids. Normally they
are dried and breathing well before the unbilical cord is clanped and cut.
The infants are ther given to the foster nother or hand reared. Hysterotony

may be used successfully for mce, rats, _and swine. _|n guinea pigs,
however, hysterotony is BSréférreMICRORIGLAGRCAL WIE%&EOCCUI’S i f as nuch

as two nlnutes el apseghkeantégehhreevsystes wasntékeedusfer michobial supply
and del i ver ¥ 4 h3idfat18n 323t 8ingPREERhie PIRIE et o T STL G L OV ES
B.S. ed. (1970) Gnotobiotics Standards and guidelines for
the breeding care and management of laboratory animals,
National Research Council, National Academy of Sciences,
washington, D.C. Briefly, swabs wetted with diet and water
from inside the isclator were used to ocbtain fecal smears
obtained fresh from the mouse and from the accumulated waste
under each cage. Smears were also taken from the walls of
10 the isoclator particularly around the entry ports. Duplicate
smears were always taken. One set 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

15 culture was considered to be negative.

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

20 5.3. THE PRODUCTION OF MONOCLONAL ANTIBODIES

USING ANTIGEN-FREE MICE
The antigen~free mice described hereinabove were
used as the lymphocyte donor in the production of monoclonal
antibodies. Solutions of all antigens were prepared under

25 Sterile conditions in a laminar flow hood.

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).

30 Interferon (1000 units) was added to the solution of antigen
prior to the preparation of the emulsion. Sterile syringes
and needles were used for all immunizations. The syringes
were transferred to the AF isoclator via the entry port where
they were sterilized by sprayfng with a solution of

35
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The usual brother X sister mating system enployed in conventional breeding
col oni es gan al so be used in gnotobiotic col onies. NONI NBRED STOCKSITrue
random breedi ng includes some matings of siblings and of first cousins.

Al t hough such matings are normally avoided in noninbred breeding col oni es,
the resulting mating system does not d&tTease the rate of I nbreeding to the
maxi mum ext ent possi ble. Any system of mininal inbreeding can be used. (See
Fal coner, D.C. 1967. Cenetic aspects of breeding nethods. p. 72-96 In The
UFAQ handbook on the care and managenent of | aboratory animals, -20- 3rd

ed. E and Splah%ica@3tongid gy .LondentedaihPodd; Basqalfd SGsibsiddstitute
For Laborat%%% éghgghmg%%gy%&e%htlggg'aﬁh 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 given 4-7 days prior

5 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 myeloma cells (NSl1) using standard hybridoma
10 technology.

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

15 The antigen-free system was used to generate a
fibrin-specific monoclonal antibody. The antibedy 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

$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:

25

Human fibrinogen was converted to fibrin by
thrombin and Factor XIIIa. The fibrin clot was then frozen
30 in liquid nitrogen and reduced to an extremely fine powder
by mechanical disruption. A dispersion of the freeze
fractured fibrin was made in saline to give a clear soclution
of crosslinked fibrin XL-Fn with a final concentration of
img/mL. 33 microlL of this fibrin antigen was used to
35 immunize the animals. The volume of the antigen solution
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guide to genetic standards for |aboratory animals. National Acadeny of
Sci'ences’, Washinton, D.C.). Conparable Conventional and Gnhotobiotic
Colonies. If it is desired to maintain both conventional and gnotobiotic
colonies for conparative purposes, thgs simlar genetic constitutions may
be" mai ntai ned by introducing cesarean-derived litters fromthe effective
breedi ng popul ati on of the conventional colony into the gnotobiotic col ony.
This appears to be the nethod of choice for those producers who place nost
enphasi s on the production of nongnotobiotic rats and mce but has the
di sadvant ages cid usseshtta gl hankexelh| v itinwtenilen salanshiandgram| tipeli gr ee
L hat woul fjeﬁi@iﬂ;é/d ruﬁpbnfg_t% Cc?ésé’MBéd)[)ﬂm@cégd cmitﬂ )beéfﬁ"i'oi} .ﬁmwb be done
y using litters om speci fic_ matings, as breedi png 0oC or e
convent i on%?°%%?’6n‘{}"ﬁ%f’c&?’nﬁnf Héeﬁ"e%d"fa’i”citsetre m &P%W’rﬁe"%ti ngs as
breedi ng stirée fweekde gsing cthetsanederel df drtiisgen doedreund’s ol | owed
every secofflogfnidtd AFRIFERL! ONrnd "By PN Y Su el Vdd Wil £Tadt h

5 prior to the fusion. The sanme level of antigen was used and

adjuvant was replaced with saline.

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 performed
using human fibrin immobilized onto a 96 well PVC plate
(Costar). The fibrin coated assay plates were prepared by
incubating 100 microl of a fibrinogen solution (Kabi, grade
L) (50 micrograms/mlL borate/saline buffer) overnight at 4°C.
Unbound 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
20 NIH units/ml) containing 2mMCaCl, for 1 hour at 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 in PBS
PH7.4. Antibody containing solutions (100 microl) were then
added and incubated at 37~C for 90 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
pHa.O.

10

15

25
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col onies should remain very simlar, provided, of course, that the sane
mating systemis used in each colony. Alternatively, litters fromthe

ef fective breeding popul ation of the gnotobiotic colony nay be used to
~establish or replenish the conventional colony. The genetic consequences
wi |l be identical, provided the sams-gm-ocedures are foll owed.

RECORD- KEEPI NG (See Wl ff, G L. 1967. Practical mating systens and

record-keeping in a breeding colony. p. 97-113 In the UFAW handbook on the
care and managenent of |aboratory animals, 3rd ed. E. and S Livingstone,

Ltd., London). Proper records should be ke t for the animals and for the
mai nt enance of the ﬁsélatorEBQEEEEEQHHEE_EEEBEPQMAShhnquﬂgﬁern1ne t he
efficiency of the opmietmide ardéré haacrificed by Co, 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
5 sgelection media in T flasks for 1 week. After this time the
cells were plated out intc 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, F452D8 (later
renamed MH1l), produced antibody which recognized the fibrin
10 antigen but did not cvrossreact 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
onteo a serum-free medium the cell line produces antibody at
the level of approximately 7.5 mg/liter.

15

5.4.4. PURIFICATION OF MONOCILONAL ANTIBODY
Before purification (4 Liter batches of) tissues

culture supernatants were centrifuged to remove cellular

20 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,

25 Buffer exchange to 20mM 2 (N-morpholine) ethane sulphonic
acid (MES), pH6é (Buffer A) was accomplished by diafiltration
according to the manufacturers instructions. After further
concentration to a final volume of 100 ml, the antibody
solution was filtered through a 0.451 micron nylon membrane

30 pefore further purification. The concentrated antibody
solution was purified by liquid chromatography on a Waters
HPLC chromatograph using a 7.75mm x 10cm ABxX column (J.T.
Baker, Phillipsburg, NJ). The column was equilibrated with
buffer A and the sample (100ml) was applied at a flow rate

35
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-21- biological performance of the animals. The isolator records should
mai ntain a chronol ogy of events related to the isolator to assist in

| ocating a breach of the barrier if contam nation occurs. 4.3. THE

ANTI GEN- FREE ANI MAL In a preferred enbodi nent of the subject invention, it
Is preferred that the gernfree ani+gd-be bred on a chemcally defined (CD),

| ow nol ecul ar wei ght, water-soluble, ultrafiltered diet. It is believed

that such a djet permts one to obtain conplete control of nutrient and

antigen intake by the animal. Such a diet is generally nmade up entirely of

I ngredients that are capable of chemcal definition, e.g., am no acids,

si nmpl e seFat OBH PARis, i%?%ﬁﬁ?ﬁ?%ﬂﬁ#Yﬁrﬂﬁ%ﬂ%ﬂgF¥#t¥H€uﬁg?ﬁo§etBF.the

subj ect AswRpédprwas CdRitéd | £ yonlethe ecolinth wDER! A S¢padient 8ebds, sinple

T T S A L

1 ml/nin. 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, pK7.4) and stored at -20°C

at concentrations > i1mg/ml. The ABx column was regenerated

by washing for 5 minutes with 100% buffer B, followed by

re-equilibration with 15 column volumes of buffer A.

10

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 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
20 recognize fibrinogen in solution.

The competition assay employed to ascertain the
fibrin specificity of the antibody was performed as
described for the ELISA assay hereinabove with preincubation
of the antibody with fibrinogen in solution. Briefly,

25 hybridoma supernatant was incubated at 37°C for 30 minutes
with solutions of fibrinogen at physiological concentrations
(4émg/ml) containing BSA (10mg/ml) to prevent non specific
binding of antibody to fibrinogen. The fibrinogen/antibody
solution was then transferred to wells of a microtiter plate

30 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 conventional

ELISA assay for antibody bound to an immobilized antigen.
35
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conponents of a CD diet are of |ow nolecular weight and are naturally
circulating nutrients in animals and, therefore, it is believed that such
conponents will not stinulate an inmune response. The recent literature

- refers to a gernfree aninal that has been bred on a CD diet as an

"antigen-free animal". Also, it is préferred to utilize a filter paper

. bedding, otherwi se the gernfree animal may eat the bedding, which results

in an i mmune response. It is believed that the eating of a filter paper
beddi ng does not result in an inmune response. The particular CD diet for a

O PPrr iR gD kU EnBHER CTRABELRG 34BLOROLLEONS S A0Ey WRTLAL: 8,50, 25

to ful fill ~Rndan n%P |ona requirements e conp05|t|on
and prepar antéhogy a ﬁPéPéﬁré@tGBQQWé$5PoFa§eFﬁﬁﬁeésn#cé°ﬂ§ra% f opPows:
crossreacts with fibrin and fibrinogen.

5.5.1. DETERMINATION OF CROSSREACTIVITY WITH FIBRINOGEN
5 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). In the same assay the antibody does not
10 recognize 1ibrinogen immobilized on the plate. As the data
on table 5 indicate, there is a dramatic increase in
immunoreactivity once fibrinogen is converted tec fibrin by
thrombin, indicating clearly the exposure or formation of a
neoepitope on the fibrin molecule. The control antibedy,
45J, however clearly recognizes an epitope which is
conserved when fibrinogen is converted to fibrin.

15

5.5.1.2. COMPETITION ASSAY WITH FIBRIN AND FIERINOGEN
The fibrin specificity of the antibody, MH1
20 antibody, was further demonstrated in a competition assay in
which hybridoma supernatant was preincubated with a
fibrinogen sclution (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
25 of the antibody concentration) BSA (10 mg/ml f£inal
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 dces not recognize
30 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

35 . e e e e e mme et [
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-22- Conmposition and preparation of chemically defined diet L489E14Se

| ngr edi ent Amount (grans/ 100 grans of
Ingredient) To 192 ml MIIli-Qwater at 70-c the foll ow ng are added:

Leuci ne 1.9 Phenyl al ani ne

0. 74 1sol euci ne -46- 1. 08 Met hi oni ne
1.06 Tryptophan : 0. 37 Vvaline

1. 23 Aspar agi ne 0.91 Arginine HG
0.81 Threoni ne 0.74 Lysine HCG

1.77

excess over the bound fibrin antigen. In addition it

represents a 400 fold excess ¢f the antibody level in the
tissue supernatant.

TABLE 5
5 Crossreactivity of MH1 Antibody with
Fibrinogen and Fibrin Antigen
MADb AdOSnH/:’O min.
10 Fibrin Fibrinogen
MH1 .90 .025
457 1.65 1.50
15
, TABLE 6
20
Crossreactivity of MH1 Antibody with Fibrin
in the Presence of Fibrinogen
. Mad : : A405nM/3° min.
25
+fibrinogen -fibrinogen
MH1 1.24 1.27
457 0.438 _ 1.74
30
5.5.2. DETERMINATION OF CROSSREACTIVITY
WITH FIBRIN(CGEN) DEGRADATION PRODUCTS
Fibrinogen degradation products (FDPs) were
prepared by incubating fibrinogen with plasmin at 37°C for
35 time periods ranging from 10 minutes to 3 hours. At the
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Hi stidine HA 0.74 The solution is
cooled to 45-c and the foll ow ng added: 4 ycine
- 0.59 Proline. 1.48 Serine

1.33 Al ani ne 0.59 Sodi um gl utamat e

- 3.40 L-tyrosine ethyl ester HC -47~ 0.62 Ferrous gl uconate
"0.05 Salts 35D 2 0. 105 Sodi um Sel enite
0.074 Solution cooled to 5-c and the foll owi ng added: Cal ci um
glycerophosphate 5. 22 Magnesi um gl ycer ophosphat e

3 cal hi 2 d hi d
- got assfhlrfﬁrqsgﬁ'l §FI e 'E'H,ﬁ;l]nogenslggts O SFYRRRPS Y ?ﬁf’%(l’)d tion % 8r8|6 ©

Vitam n Blﬂnasyle5(100 Kallikrein inhibitor unitgynIy and 20 mM
epsilon amino caproic acid (EACA).

Crosslinked fibrin degradation products (XLFDPs)
were prepared by the addition of thrombin (4NIE units/mL) to
a fibrinogen solution (5 mg/mL) in Tris buffered saline
(TBS, pR 7.4, 50 mM Tris HCl, 150 mM NaCl) containing 10 mM
CaClz, 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-
10 above for the FDPs.

To determine crossreactivity of the antibody with
fibrin degradation products and fibrinogen degradation
products .the appropriate degradation products were coated
ontoc microtiter plates and ELISAs were performed by

15 conventional methods. As the results in Table 7 indicate,
the MH1l antibody does not crossreact with any plasmin
generated fibrinogen degradation products. As table 8
indicates, the antibody does not react with XL-fibrin
degradation products. This observation also was made when

20 the antibody was tested 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

25 molecule, fibrinogen. The epitope is 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:

For the purpose of the subject invention a

fibrin-specific monoclonal antibody is a monoclonal antibody
that:

35
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Vitam n Bl12 1. 20nmg Choline chloride
0. 31 Pot assium acet ate 1.85 To 108m MI11i-Q

wat er at 70~C D-Dextrose, anhydrous was added 71.28
Sol utions cooled to 5-C and conbined both for ultrafiltration.

conposition of salts 35D m xture givenggdh table 3 [err] Added in addition to
sodiumselenate in Salts 35D [err] Conposition of vitamn B m x111E5 as
stated in Table 4 Added in addition to vitamn B-12 in vitamn B mx 111E5
(see EXAMPLE herei nbel ow) Such conposition is fed to mce or rats ad

libitum Conposition of |ipid supplenment LADEK 69E6 | ngredi ent
Anmount per Xai lin aaligempetition 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 fibrin,

2. in an assay to measure crossreactivity with crosslinked
fibrin and fibrin degradation products, as described
hereinabove, the reactivity of the moncclonal antibody
with the fibrin that has been dige=+=~4 with plasmin for

10  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 fibrincgen
and fibrinogen degradation products, as described
hereinabove, the reactivity of the monoclonal antibody
with fibrinogen that has been digested with plasmin for
about four hours is no greater than the reactivity of
the monoclonal antibody with fibrinogen at time zero.

The MH1 antibody has been further characterized by

20 determining its affinity for fibrin. The affinity was
determined by Scatchard analysis (Frankel et al., Molecular
Immunclogy, 16, 101-106(1979)) using 125I-labelled MH1
antibody. The value obtained for the dissociation constant

K, was 6.7 x 1072% M. such affinity is about 5,000 times

25 that of the affinity of t-PA for fibrin.

It has also been determined by Western
Immunoblotting analysis that the MH1 antibody does not
crossreact with the Az, BS 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 6f fibrinogen. (Thrombin treatment
of fibrinogen results in the release of fibrinopeptide A and

15
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dose*. (0.385m ) Purified soy triglycerides[err] 0. 33g Reti nyl

palmtate 6.45ng (11.7 1.U.) Chol ecalcifero

0.0288nmg (1.15 1.U.) 2 anbo-al pha-tocopherol 3.3ng 2

anbo- al pha-tocopherol acetate 6. 6mg Phyl | oqui none

72ng *Lacating mce receive twce theggqorml adult dose. [err] consisting
:of: 12% palmtate 1.5% stearate 24% ol eate 55% | i noleate 8% i nol enate

For a detailed description of CD diets see Pleasants, J.R, et al., J.

Nutr., 116, 1949-1964 (1986), Pleasants, J., et al., Gernfree Research:
Mcroflora Control and Its Application to the Bionedical Sciences, B.S.
Wost mann, Ekrinppaptide & Ixeny She Aq I8E)n agstBmmhaim s, |

respectively, therefore forming the a chain and 8 chain of

fibrin.)
TABLE 7
5 Crossreactivity of MH1 Antibody
with Fibrinogen Degradation Products
Plasmin Digestion Time
(mins) A405 nm/3J min
10
MH1 457
0 0.15 1.037
10 0.10 nn
15 20 0.11 1.02
40 0.11 : 0.410
60 0.10 - 0.330
240 0.09 0.300
20
TABLE 8
25
Crossreactivity of MH1 Antibody
with Fibrin Degradation Products
Plasmin Digestion Time
(hours) 2405 nm/30 min
30
MH1 45J
- R
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et al., J. Nutr., 112, 552 (1982); and Pleasants, J.R, et al., J. Nutr.,
100, 498 (1970), the disclosures of which are incorporated herein by
reference. 4.4 PRODUCTI ON OF MONOCLONAL ANTI BODY The gernfree aninmal is
then utilized for the production of ogpoclonal antibodies. The gernfree
system can be utilized to produce a nonoclonal antibody to any antigen that
the animal in a nongernfree state could produce. An -24- exanplary Ilist
of antigens appears in U S. 'Patent 3,935,074. However, it is believed that
the gernfree animal provides a nuch enhanced i nmmune response to the
antigen. Thus, one c@n increase the |ikelihdo890f |ocating a Bil4@phocyte
t hat produces an anti body that is capable of binding to a specific epitope
of the antigen. This3is a major advantage of-3d¢ 1.0

5 0.310 0.77

In addition, as the results in Table 7 indicate,
the control antibody, 457 antibody, binds to fibrinogen and
does not crossreact with fibrinogen degradation products.
Accordingly, such a monoclonal antibody is a fibrinogen-
specific monoclonal antibody and represents another aspect of
the subject invention. The fibrinogen-specific monoclonal
10 antibody can be utilized in any immunoassay that can be

utilized to determine plasma fibrinogen levels in vitro. The
45J antibody has been further characterized in that it has
been determined that the 45J epitope is on the Az chain of
fibrinogen in the region from about amino acid 206 to about
424 and most likely in the regicn from about aminoc acid 207
"to abeout 231. For the purpose of the 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,
20 the reactivity of the monoclonal antibody with fibrinogen
that has been digested with plasmin 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
25 techniques utilizing a conventicnal Balb/c mouse wherein the
mouse was immunized with fibrin. However, fibrinogen also
can be utilized as the antigen.

5.5.3. DETERMIKATION OF CROSS REACTIVITY

WITH NONCROSSLINKED FIBRIN AND
NONCROSSLINKED FIEBRIN CLOTS

It has been demonstrated by ELISA that the antibody
MH1 crossreacts with not only crosslinked fibrin (XLFn) but
also noncrosslinked fibrin (NONXLFn). The ELISA was
performed as follows:

15

35
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subject invention. In addition, it is believed that the gernfree systemis
particularly useful for generating a highly specific antibody for those
antigens with nunerous epitopes. The gernfree aninmal can be i muni zed by
standard techni ques. However, it is_p{eferred that the gernfree ani mal be

| mmuni zed at least three tines with at | east about three weeks between each
| mmuni zation, followed by a prefusion booster. It is believed that this

i ncreased | evel of inmunization may be necessary because it has been
observed that after two inmunizations, which is customary, there are stil

nostly | gM secretiny. B—Dgnpbmtymésroaiher assny tHla e fenreeddagiédsecr et i ng
B-1 ymphocyt &5 14om gﬁigﬁeﬁoaai ewﬁltmg/n;ﬂww#&%e ani mal

havi ng t he gotentlal or ant | %P n particul ar
| ynphocyt é8H8 g5 b ga%%as|e FSFr?ug oh’ Gi PYEEPHIR%Y | nyel omm Iine. Those
ant i body- produci ng gel | erbbatiakedi pibhin was formed in the fibrinogen

coated wells by incubation for 1 hour at 37°C with a thrombin

5 sgolution (10NIH units/ml) in Tris buffered saline (TBS, pH
7.4, SOmM Tris HCl, 150mM NaCl), containing 2mM Cacl2 and
10mM cysteine. _

3. Noncrosslinked fibrin was formed in the
fibrinogen coated wells by incubation for 1 hour at 37°C with

10 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

15 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 noncrosslinked

20 "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

25 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 (50mM, pH7.4)

30 saline, containing CaClz_(ZmM) 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 (pH6.1l) containing EDTA

to a final concentration of 0.0125M with a thrombin solution
35
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di vidi ng pl asmabl ast stage fuse preferentially. Somatic cells can be
deri-ved fromthe | ynph nodes, spleens and peripheral blood of prined
gernfree animals, and the |lynphatic cells of choice depend to a | arge
extent on their enplrlcal useful ness in the particular fusion system
However, somatic cells derived fromBRe spleen are generally preferred.
once prined or hyperimmuni zed, gernfree aninmals can be used as a source of
ant i body- produci ng | ynphocytes. Muse | ynphocytes give a hi gher percentage
of stable fusions with the nouse nyel oma |ines described herei nbel ow.

ani s | LG pResRi e SR AR ars o OReR e BRRECR o,

E Choce Sof va parti c ree
depends orcliots . tbieye welrea Waishes, aI”G‘r T’F%t@@seﬁt <E{ Ct Wath: 40 0ydr S e
ani mal havaq &gk lWIRRGGH eontaiining 125Todine-labelled MH1 antibody.

Small aliquots of solution were removed at different time
points and the amount of antibody uptake was determined by
5 counting the plasma in a gamma counter.
Table 10 shows the uptake of antibody by both the
noncrosslinked and crosslinked clots.

10
15
20

25
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repertoire of B-lynphocytes that can produce an anti body to such antigen.

4.6: | MMORTALI ZI NG CELLS Speci alized nyel oma cel
; fromlynphocyte tunors for use in hybridonma-producing fusion procedures (G

Kohl er and C. M stein, 6:511-519; M Schul nan et

al ., 1978, Nature 276:269-270).
| east three reasons.
fused nyel oma cells.
enzyne deficiencies that

own anti bodi es.

hybri donma.
5

10

15

20

25

35

To elimnate the

Antibody
Concentration

(ng./ml.)
100.000
50.000
25.000
12.500
6.250

1976, Bur.

The first
Usual |y,

J._# 1\
The ce€e I
reason is to facilitate the sel ecti on of

nol

| i nes have been devel oped

I nes have been devel oped for at

this is acconplished by using nyelomas with

o TR

al

render themincapable of growing in certain
sel ective nedia that support the growth of hybridonas.
arises fromthe inherent ability of

The purpose of usin

The second reason
iﬁ%e tunor cells to produce their

techniques is to obtain
imortal fused Gyosisdeasitiviityeoft Ml pndddbodyt W the Sirosd 1dinkgide agyseci fi c
anti body genetically directed byjohbgog8iPhkéd CRibrHoMPONENt Of the

Crosslinked Noncrosslinked
Fibrin Fibrin
(Absorbance at 405 nanometers)
0.764 0.409
0.460 0.319
0.305 0.154
0.174 0.074
0.069 0.000

and Noncrosslinked Fibrin Clots

TABLE 10
Crossreactivity of MH1 Antibody with Crosslinked

Fibrin Clot

$ Uptake of lLabelled Antibody After 8 Hours

Crosslinked 79%
Noncrosslinked 76%
5.6. DEPOSIT OF HYBRIDOMA

MH1 and 457 were déposited in the American Type
Culture Collection (ATCC) on June 9, 1988 and given accession

number HB 9739 and HB 9740, respectively.
located at 12301 Parklawn Drive, Rockville, MD.

The ATCC is
20852. MH1

antibody is an 1gG, antibody with a kappa light chain and it
has been observed that the MH1l antibody crossreacts with not
only human fibrin but also rabbit fibrin.

i
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production of tunor cell antibodies by the hybridomas, nyelonma cell |ines
I ncapabl e of producing light or heavy inmunogl obulin chains or those
deficient in antibody secretion nechanisns are used. A third reason for

sel ection of these cell lines is theggp_suitability and efficiency for
fusion. Sevéral myelonma cell |ines can be used for the production of fused
cell hybrids, including NS-1, X63-Ag8, N S-Ag4/1, MPCl1l-45.6TGL. 7,

X63- Ag8. 653, Sp2/ O Agf 14, FO and S194/5XX0O. Bu.l1l., all derived from m ce,
and 210-.RCY3.Agl.2.3 derived fromrats. (G J. Hammerling, U Hamrerling
and J.F. Kearnly, emite, siB§éctMinventieh astnbodistended hydrbveormsitea. L.

T et RaREAT o RECHRRES B MR e oL ey O LACLIRG e
a single illustration of hybridomas that produced a 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 competing with the MH1
antibody or 45J antibody in binding to the epitope of fibrin
to which the MH1l antibody binds or to the epitope of
10 fibrinogen to which the 45J antibody binds, respectively. In
addition, such term includes fibrin-specific monoclonal
antibodies and fibrinogen-specific monoclonal antibodies, as
defined herein, that bind to an epitope different from that
which the MH1 antibody binds and the 453 antibody binds,
15 respectively.

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

5.7.1. CLOT/VASCULAR DISEASE IOCALIZATION

20 The fibrin-specific monoclonal antibodies of this
invention are capable of targeting fibrin clots or
aggregation of fibrin in vivo. They can, therefore, be used
in humans for localization of possible tissue or vascular

25 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

30 permits one to more precisely localize the fibrin clot or
aggregation of fibrin.

For this applicition, it is preferable to use
purified monoclonal antibodies. Preferably, purification may
be accomplished by HPLC methods. Purification of monoclonal

25 antibodies for human administration may also be accomplished
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4.7. FUSI ON Met hods for generating hybrids of antibody- producing spleen or
| ynph node cells and immortalizing cells generally conprise m xing sonatic
cells with inmmortalizing cells in a proportion which can vary from about
20:1 to about 1:1 in the presence of ggn agent or agents (chemcal, viral or
el ectrical) that pronote the fusion of cell nenbranes. It is often
preferred that the sanme species of animl serve as the source of the
somatic and imortalizing cells used in the fusion procedure. Fusion

met hods have been described by Kohler and MIstein (1975, Nature

256: 495- 494 abhEmiumirsuliatemmmelodiGmSsh15a8e, pheclpitatioh fibliléwed7,

%ggty ' c 4%})2 &ngiﬁ usgI.@%an%%%m%ebxnéo%Q%rgs%ah ﬁt&%% L{I;JUHO' ogy

ronotin agents use ose | nves ators were
Sendai vi rh}stmtamw'hwwogl PEB}'C’“‘Pé?EEEPPVeF?‘T'hm‘@“EﬁnmaYso

utilize the nerantdy FgvayoRae EB\:&ocumaf anhtabbaiesechni que (Cole et al.
1985, Monocl onal The purified monoclonal antibodies can be labelled
5 with radicactive compounds, for example 123 1, 125 1, 131 ;|
99mTc, 111 In, and administered to a patient intravencusly.
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
10 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.

By way of illustration, the purified monoclonal

15 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

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
25 agents such as cytotoxic reagents and thrombolytic 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 reagent will be lost by binding
tc fibrinogen, fibrin degradation products or fibrinogen
degradation products. 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;
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Anti bodi es and Cancer Therapy, Alan R Lisa, Inc., pp. 77- 96). 4.8.

| SOLATI'ON OF CLONES AND ANTI BODY DETECTI ON Fusi on procedures usually
produce vi able hybrids at very |ow frequency, about 1 x 10 [err] to 1 x 10
8. Because of the |ow frequency of obtaining viable hybrids, it is
essential to have a means to sel ect=%&sed cell hybrids fromthe renaining
unfused cells, particularly the unfused nyeloma cells. A nmeans of detecting
t he desired anti body-produci ng hybri domas anong the other resulting fused
cell hybrids is also necessary. CGenerally, the fused cells are cultured in

sel ect | Ve (il &ad Al 1191720 atiivle Mofk 0Nl QAURLIRINPOAN I e

am nopterin fumpermts t proliferation of hybrid
cells an P Q¥1Q+r1R%y ?%I'%‘Fﬁi‘%qus athi.cH IRA nBeSERBUI d
conti nue Hesulits dandceleiRes L £ Y5 : 229+@38 £ri n -bl ocks de novo purine and

The methods used for binding these agents to the
monoclonal antibody molecule can involve either non-covalent
5 or covalent linkages. Since nen-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 carbeoxy groups
~%¥ th2 pharmaceutical agent and the amino groups of the
10 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 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. Additionally,

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

15
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-27- "pyrimdi ne synthesis by inhibiting the production of tetrahydrofol ate.
The addition of thym di ne bypasses the block in pyrimdine synthesis, while
hypoxanthine is included in the nmedia so that inhibited cells can

synthesize the nucl eoti de sal vage pat hway. The nyel oma cells
enpl oyed ar W‘! :ﬂm hypoxanthune _phosphori bosyl transferase (HPRT)
s

and t hus camotc Ul | vage pathway. In the surviving hybrid, the B
| ynphocyte supplies genetlc |n ormation for production of this enzyne.
Since B Iynphocytes thensel ves have a linited life span in culture

(appr oxi mat mo weeks), the only cells which can proliferate in HAT
nedia are h@ﬁrl §°r med fromnyel oma and spleen cells. To facilitate
screeni ng of antilbody 2seertéicet fipr tiee Iyheddstaod b prmumuchdnbhwdum

hybrids fr OHh‘E‘i%a&D‘Mon%n antigen comprising:

(2a) immunizing a antigen-free 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
antigen-free animal,

(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

(e) harvesting the monoclonal antibodies
produced by said hybridoma; with the proviso
that said monoclonal antibody is selectegd
from the grcup consisting of an IgG antibody
and an IgM antibody.

2. The method of claim 1 wherein said
immunizing step is carried out by injecting said

antigen-free animal with said antigen.

3. The method of claim 1 wherein said
antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pig,

poultry, a goat, a sheep, a primate and a rabbit.

4. The method of claim 3 wherein said

antigen-free animal is a mouse.

5. The method of claim 4 wherein said mouse is
a Balb/C mouse,.
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others, the m xture of fused myel oma and B-|ynphocytes is diluted in HAT
medi um and cultured in multiple wells of mcrotiter plates. In two to
three weeks, when hybrid clones becone visible nmcroscopi-cally, the
supernatant fluid of the individual wells containi ngwﬁ/ﬁrl d clones is

n

assayed for specific antibody productign. The assay Bw‘imuuwﬂn

sinple and rapid. Assay techni ques inctude radi oi mmu
| mmunoassays, cytotoxicity assays, and plaque assays. 4. 9 CELL" PROPAGATI ON
AND ANTI BODY PRODUCTI ON Once the desired fused cell hybrids have been

sel ected and cloned into individual antibody-producing cell |ines, each

cell line can be6propégaﬁgdimMQHQdﬁaaxﬁtQ\dptﬂnminedtMaypreéeﬁaeple of the

hybridoma cgp bg Lpj ddt 12 iH é&feogingéc f‘ssﬁ% p@%e&eﬁh& fype that

was used to provide the sonatlc an e orlglnal f usi on.
The i nj ect e@Nanfreofeve s %‘ﬂﬂ?ﬁ’r"?“&eé'& ETIIRF iHnG rep Pxingnber onal
anti body prediaednty dddsy fdisethtti®lddy derived from an antigen-free

animal.

7. The immunoassay of claim 6 wherein said

antibody is a monoclonal antibody.

8. The immunoassay of claim 6 wherein said
antibody is a polyclonal antibody in serum.

9. The method of claim 7 or 8 wherein said
antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pigqg,

poultry, a goat, a sheep, a primate and a rabbit.

10. The method of claim 9 wherein said

antigen-free animal is a mouse.

11. The method of claim 10 wherein said mouse is
a Balb/C mouse.

12. In a method for localizing an antigen in
vivo comprising administering a monoclonal antibody
with a suitable carrier to a human and detecting
localization of said monoclonal antibody, the
improvement comprising employing for said monoclonal
antibody a monoclonal antibody derived from an
antigen-free animal.

13. The method of claim 12 wherein said
antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pig,
poultry, a goat, a sheep, a primate and a rabbit.

This Sheet Has Been Repl

T




hybri.d. .The body fluids of the animal, such as serumor ascites fluid,

can

be tapped to provide nonocl onal antlbodies -28- in high concentration.

Al ternatively, the individual cell |lines can be propagated in vitro in

| abor at ory cuI e cul ture nedium containing high
concentration nmmgiﬂﬁ ﬂl cific pogoclonal antibody, can be harvested

by decantatlo *
ANTI BODY The nonocl onal

centrifugation. 4.10. USE OF THE MONOCLONAL
anti bodi es made by the nethod of the subject

i nvention can be utilized in any techni que known or to be devel oped in the

future that utiliges afh@oweh%a'ofar&hawyn ABlm Uses F monocl onal

antibodies is in an i Mmunoassay,

I's the neasurenent of the

anti gen- ant apsdgen—free animal is a mouse.

15. The method of claim 14 wherein said mouse is
a Balb/C mouse.

16. In a method for utilizing a monoclonal
antibody therapeutically comprising administering to a
human in need of therapy said monoclonal antibody, the
improvement comprising employing for said monoclonal
antibody a monoclonal antibody derived from an
antigen—-free animal.

17. The method of claim 16 wherein said
antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pig,
poultry, a goat, a sheep, a primate and a. rabbit.

18. The method of claim 17 wherein said
antigen-free animal is a mouse.

19. The method of clain 18 wherein said mouse is
a Balb/C mouse.
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i nt.eraction. Such assays are generally heterogeneous or honbgeneous. In a
honogeneous i mmunoassay the i munol ogi cal reaction usually involves the
specific antibody, a | abel ed anal yte, and the sanple of interest. The
signal arising fromthe label is nodified, directly or indirectly, upon the
bi nding of the antibody to the | abeled analyte. Both the inmunol ogi cal
reaction and detection of the extent thereof are carried out in a
honbgeneous sol ution. | mmunochem cal | abels which may be enpl oyed i ncl ude
free radicals, fluorescent dyes, enzynes, bacteriophages, coenzynes, and so
forth. The nmjor advantage of a honobgeneous inmmunoassay is that the
specific anti body need not be separated fromthe | abeled analyte. In a

heterogenM§E§QQHﬁﬂﬁxﬁﬁﬁnPRQ$ﬁﬁTé@@e@FSM@N@CBQEQLIQNTﬁEOQ§@§lﬂﬂiLIZENG

speci fi ¢ angeERedremRNI®ans for produci ng a detectabl e signal. The
specinmen is generally placed on a sgggort such as a plate or a slide, and

contacted with the antibody in a i %Tﬁﬁﬁ The support
The subject invention relates to 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 monoclonal antibodies, and
polyclonal antibodies derived from an immunized germfree
animal, for in vitro and in vivo clinical diagnostics and
therapeutics.
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is then separated fromthe liquid phase and either the support phase or the
|l i quid phase is exam ned for a detectabl e signal eﬂfLGW%+ﬁ}4ﬂﬁﬁﬁF41ﬂ“'
produci ng such signal. The signal is related to thel REPLAQEMINT SHt&Tahal yte
in the specimen. Means for producing a detectabl e sjgpat—inetude—— - p9-
the use of radioactive |abels, fluorescers, enzynes ANd, S0 f@pbha i

Exenpl ary of heterogeneous i mmunoassays are the rad 0|annosséy :

i.nmmunof | uor oescence net hods, enzyne-hinked innunoas5arsw*and~rhE“TTke For
a nore detail ed discussion of the above i mmunoassayjtechni ques, see-

"Enzynme- | munoassay, " by Edward T. Maggi o, CRC PreSsTtnCT, boca“Réfbn
Fla., 1980. See al 834; 3,791, 932;
5,817, 837; 3, 550, 57 pumae Ia GO RE s,

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 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.

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 fusinq
antibody-forming celis (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 the lymphocytes 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.

Antisera derived from vaccinated animals are :
variable mixtures of polyclonal antibodies which never can be
reproduced identically. Monoclonal antibodies are highly
specific immunoglobulins of a single type. The single type
of immunoélobulins 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




3,935,074; 3,984,533; 3,996, 345; and 4,098,876, which listing is not

-onal..ant i.bodi-es are
aREd bogiEsTCRRE ihe
rraeH-0act-i-ve--i-

ody can.aksa,be I
pi np®i nt-t fe’ apt iigen.

—the-—-ant+gep-€an be
and radi onucl ear scanni ng techni

I ntended to be exhaustive. Another major use of
in- vivo imagi ng and t herapeutics. The nonocl onal
| abel l ed wi th radi oactive conpounds, for instance
adm nistered to a patient intravenously. The anti
with a magnetic probe. NVR can then QF utilized t
After localization of the antibodies“at the antigén,
detected by em ssion tonographical
thereby pinpointing the location of the antigen.
the purified nonocl onal
e.g., saligag

e, and
bel | ed

ues,
Fustrat i on,
anti body is suspended in an'appropriate carrier,
g tlg‘et he@hdﬂdelaoqt;dmﬂ‘anlgl Bu7i amid amdrspri@pme@mhdoaage and .
is adm ni gtered i ti rna Laf usion i
over seve?&l 35 ' €11, plochdh. % ?&BQE' zﬁ%ﬁ%%? agnosi s

and Therappt@;ggpyptein 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 in vitro 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 in vitro diagnostics, for example, radioimmunoassays

and enzyme-linked immunoassays (ELISA), and in in vivo
diagnostics, e.g. in vive inaging with a radiolabeled

Also, a monoclonal antibody can be
utilized as a vehicle for drug delivery to such antibodies’

monoclonal antibody.

antigen.

However, before a monoclonal antibody can be

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

3. SUMMARY OF THE INVENTION

The subject invention provides a method for the

production of monoclonal antibodies to an antigen comprising:



i ncorporated herein by reference. The nonocl onal antibodi es of subject
I nvention can be used therapeutically. Antibodi es wt+h-t-he--proper
bi ol ogi cal properties are useful directly as therapbutiie 85enKS.SHEE
Alternatively, the antibodies can be bound to a tox| nyt-e-—fetm-an ..
i munotoxin or to a radioactive material or drug tolforma :rn ey |
radi ophar maceuti cal or pharnaceuti ecdl- -30- Methpds f-of produci ni
i-munot oxi ns and radi opharnaceuti cal s of anti bodies arewme++wkﬁewﬁw?s
for exanple, Cancer Treatnment Reports (1984) 68:317t328). It also is
bel i eved that pol yclonal antibodies derived froma gernfree-anrmat—atso can

be utilized in i noassays_and _provide an i nproved r | t conpared to
pol ycl onal antibggrﬁ dg Qazfpgnfagsﬁﬂggﬁfrgﬂg aﬁn?ﬁﬁ#.sag 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,

(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,

() propagatihg said hybridoma, and

(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 invention also
provides a fibrin-specific monoclonal antibody and methods
for utilizing such a monoclonal antibody.

4. DETAILED DESCRIPTION OF THE INVENTION
4.1. THE GERMFREE ANIMAL
The subject invention relates to the use of a
germfree animal for the production of monoclonal antibedies.
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, 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 continuocusly maintained with germfree
techniques under 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 nmice carry a latent leukemogenic virus and,



Pol ycl onal anti bodi es derived froma gernfree animal can be made by

utilizing a gernfree animal, as descri bed herei naboye,..and..lL.nmmuni.zatign
t echni ques, as descri bed herei nabove, followed by separatrfipgithespatyd¢l onal
anti bodies fromthe ani mal by conventional techniqués, -e-~g.-by-sepatating
the serumfromthe animal. 5. A FIBRI N SPECI FI C ONAL. ANTI1.BODY{ 5.4 1.
BACKGROUND The henostatic nmechanismi,s a conpl ex phys

s ilol 0gi ‘cal fespbnse
mechani sminvol ved in repairing danadé to a rupture
Henostasis is achieved through the co-operative int

BH-0oehve5S ek

ractions anong the¢ wall
of he damaged bl ood vessel, the platelets and the coagttattve-system— The
role of the coagul ation systemis to provide an extensive fibrin network to
stabilize,.

f&&f’ REELOT at HEuBbatRhLt wBLYE BBi gErRasel ol 2888 PhEH On the
subendot he |af strugture

i nsol ubl e1PPKPPRIRBLF YlF?‘fﬁnégfe’?ﬁgﬁgg? Eﬁgﬁﬁéﬁﬁoggﬁe{r@*ﬁé' Shia1' Bor

the purpose of the subject invention.)
The essence of a germfree system is the provision

of barriers against the entry of unwanted microbial invaders.
In addition to the physical barriers of plastic, metal,
rubber and glass which enclose the animals, the systenm
requires the operational barriers of air filtration, food and
water sterilization, manipulation by gloves, which form an
integral part of the barrier system. Also, the entry of

supplies to the isolator should be performed under sterile
conditions.

£ -
D)

It is believed that any germfree animal can be
utilized in the subject invention. The most common 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 ANIMALS

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
Laboratory 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.

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, D.C. describing the




result of a conplex sequence of reactions culmnating in the expl osive
production of thronmbin at the required site. Coagulation is an
anplification process involving a chain of enzymatic reagtions TH VAT CR. . |
proenzynmes (clotting factors) are activated sequentialIsfﬁﬁwéggﬁﬂtméﬁgyﬁés
There are a nunber of physiol ogi cal nechani sns control | i pgythe fibrii
pol yneri zati on process involved in thronbus formation. T1e%egj@cyggqg§me
thrombin inhibitor antithronbin Il «5= -31- (ATIIIl), proteiin C
prostacyclin and various conponents of the fibrinolytic syéfen1such as
ti'ssue plasm nogen activator (t-PA) and its fast acting iinhibitor (PAl),
The honeostasi s hypot hesis proposed by Astrup in 1956 AstTtip, T., Blood 11,
781-806 (1956& states than a eguilibriun1exists bet ween fibrin formation
(coagulatPBﬁ? ction, care and maintenance of germfree rats and mice.

It should be noted that such production, care and maintenance
is similar for other animals.

ROOM ENVIRONMENT

The facilities, equipment, and husbandry procedures
shall be designed and operated so as to 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, 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 the
isclators,

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

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

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

The room environment for maintaining gnotobiotic
isolagors'should meet the standards established for housing
conventional laboratory rodents. The 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
should be controlled as specified below.

Temperature. The generally accepted animal room
tenperature of 21'-27‘C(70'680'F) may need to be adjusted

downward to keep the isolator temperature between 22° and
26°C (72° and 78°F).




and fibrin dissolution (fibrinolysis). In the normal or healthy state
functions are evenly bal anced. However, when.the henosta Hgm@@35§§§7i3ﬁﬂﬂ"
i npai red, coagul ation and fibrinolysis are pathol ogi cal | y '&Xgr essed--as——
thronbosi s and henorrhage, respectively. The clinical nmapi estgtng%ggz 1

pat hol ogi cal thronbosis or thronbotic disease are extrengl \ i verse an !
i ncl ude di ssem nated intravascul ar ee@agul ation (D C), deqp lvei.n-t-h+ 's
(DVT), arterial and venous thronbosis. Thronmboenbolismand thronbotic
conplications of other vascul ar di sease (eg. atheroscl erasis)—cap—tesutt—Tn
occlusion of major arteries leading to organ ischem a and the attendant
life-threatening conditions such as cerebrovascul ar acci dent (stroke),
nyocardi al i nf ar ct HRiGYY . TR TRLaTIVR 389 {RHY & g
conver si epd &N tieadiumen Zgomfprt lEvedniofogo+60 Pperitent.ot duwevier enzynel

plasmn, oyah hﬁ{i‘cié Uedd A9 Vnt HARY thie UV Ad vators. The
nol ecul ar ‘mechani sm

0
percent RH is recommended.

Ventilation. The room-air changes should be
sufficient to remove rapidly any fumes generated during
chenical 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 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 Press, London;
Trexler, P.C. 1968. Equipment design and management: |
Transport 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) _

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 metal units are built to
withstand internal steam pressure of 20 psi (1.4069/cm2).
(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 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.).

The flexible-film isolator (See Trexler, P.C., and
L.I. Reynolds. 1957. Flexible film apparatus for the rearing

and use of germfree animals. Appl. Microbiol. 5:406) is now

the most widely used unit. It is usually made of flexible



physi ol ogical fibrinolysis is not fully understood, but it
during fibrin formation plasm nogen binds to fibrin whyere- =
activated by plasnminogen activators, e.g. t-PA. In thiisfrant tashiEnl |
generation proceeds wi thin the thrombus where it is priotgcted from 3
i nactivation by the main physiological inhibitor of pliaspagz atpha2s | |
antiplasmin. Upon exposure to plasmn, fibrinogen and #ijrin are brokdn
down to their degradation products. Fibrinogen breaks idowi™TRT G Tragmentis X
and Y, and upon further exposure to plasmn, fragnents D and E. Fibrin

br eaks down -32- to fragnents X, Y, D and E fromnon-crosslinked T1Dbrin
and crosslinked D-diner, DD E conplex, Y diner, Y-D-dinmer and X oligoner
from cr asmhindesst fvinyy, must 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.

I's known that
eT-e it_bd”"pcwﬂmre

(See Lev, M. 1962. An autoclavable plastic

unit for rearing animals under germfree conditions. J. Appl.
Bacteriol 25:30). Plexiglass isolators and disposable
flexible-£ilm 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.

' ' A special cylinder for sterilizing food and
supplies is generally used with the heat-gensitive isolators.
It should be designed with a large filtration area to
facilitate air removal in a high-vacuum autoclave (See
T;exler, P.C. 1963. An isolator system for control of
contamination. lLab. Anim. Care. 13:572). Alternatively, the
cylinder may be fitted with a drain tube vented to the
atmosphere for removal of air and condensation 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).

STERILIZATION

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
sterilization. It is particularly suitable for porous items
that are heat-stable. Every area that can conceivable harbor
microbes must be brought into direct contact with steam.
Exposure time is related to the temperature used. It is
recommended that the least accessible portion of the load
(the center of the packages) be exposed for a minimum period
of 15 minutes at 121°C (250°F). Higher temperatures and
shorter exposure periods may be used after careful testing to



Assays for markers of thronbotic disorders have been conducted unti l

quite
recently using polyclonal antibodies in both radioi mungassays anunlaigx"
aggl utination type assays. These assays have been denpnsit FaPecaiozibe vt

extrenely unreliable by Gaffney (Gaffney, P.J., Ann. N Y. #&cad:” Sc'if"ZQB,
407-423 (1983). More specific and sensitive innunoassays (bueh: as EEITFAS
usi ng nonocl onal anti bodi es are becom ng conmon practicejih cl'i ni cal
| aboratories. The limting factor in these diagnostic aspays 7§ the
specificity and affinity of the part+®ul ar nonocl onal anti body enpl oyed.
The generation of highly specific antibodies to any of thié potenti al
I ndi cators of inpaired henpstasis is hanpered by both | ow | evel s of

indicators and the antigenic relatedness of the particular marker with its.
precursor, which is

Exanpl es SR ?%ﬁ?ég IIy éﬁﬁﬁl 3;‘§aﬁhe qp639ﬁigf %ﬁ&ﬁﬁ?ﬂﬁ%t

i nhi bi t or pedding oxmd mm): tmmmiais |are @& ftinahp Haparianse o n,

assure that the steam penetration time will be constant and
predictable.

t-

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 acia (CH,COOOH) 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 germfree animals. Appl. Microbiol. 5:406). Other
chemicals can be used for special situations, e.g.,
hypochlorites, iocdophors, or quarternary ammonium compounds .
in the liquid trap to introduce newborns obtained by
hysterectomy, or HgCl2 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 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.



PA-PAl - 1. The nunber of new antigenic sites generated by su

formation is extremely small and makes the production of im
probes (such as nonocl onal antibodies) difficult. Likew se,
probl em associated with the acquisition of a nmonoclonal ant
has been'the structural and conformational simlarities bet
I ts physiological precursor fibrinogen. It has been estinmat heo.
conservation of coval ent structure ®Asn fibrinogen is converted to fibrin
is greater that 98% (Plow, E.F., et al., Semn. Throib. Haenostas —8;,—36
(1982) and, therefore, only a small percentage of the epitopes on the
fibrin nolecule are in fact neoantigens (and unique to fibrin). Many of the

approaches whi ch hqygneglle 2HPPEFELiOn of Piuids 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 106 rads.

INTERNAL ENVIRONMENT

Temperature. The internal isolatur temperature is

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 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 central source or from
individual blowers for each unit. A turbine-type air
compressor is recommended for a central air supply systen
because the ©il 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 equipment design, p. 23~
35 In M.E. Coates {ed]. The germfree animal in research.

Academic Press, lLondon) is not subject to loss of ventilation

in the event of 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.
Emergency Safeguards. Adequate provisions for the
maintenance of air pPressure 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.




acquire fibrin antibodi es have concentrated on inmunizing animals with
soluble fibrin fragnments and synthetic peptides which ning,
neoantigenic sites on fibrin. See Hui, K Y., et al., Scijef
(-1983), Scheefers-Borchel, V., et al., Proc. Natl. Acad.

ST TSR,
82, 7091-95(1985), Elnms, MJ., et al., Thronmb. Haenostas, 50,7 891-94%(32
and Kurdryk, B., et al., MIl. Imul., 21, 89-94 (1984). iHg

believed that the binding site of sua antibodies is cof

fibrin degradation process and therefore, such antibodi és_also can bind té¢

fibrin degradation products. The subject invention permts one to take a

conpletely different approach and utilizes the intact fibrin antigen in

conjunction with the enhanced innunolqgical sensitivity of the antigen free
f

(AF) ani riRe11aPSR R RnEUPPRFEed SHLEn 180IAMRKS AN SANWIRALY mRsuMe ¢
purpose ointéefsodgeiéni ofecthe ofnivals privut stieeidore el ntd datidgewdy

binds to IébéﬁgfaegengﬁiﬁgléiR£§n93e2b1£h@bfégﬁéﬁmﬁﬁﬁldamage film or
gloves. This may be prevented temporarily by plugging air
conduits with rubber stoppers. 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
is recommended. An audiovisual alarm system should be
incorporated in a centrai air system to be actuated by a drop
in line pressure in the event of either loss of power or
mechanical failure. Similar alarm systens should indicate
undesirable fluctuations in the temperature of the air
Bupply. For individual isolator air systems, continuous
graphic monitoring of the room environment is recommended.

RN
02983,
wever, it is i
iIserved during the

CAGING AND INTERIOR EQUIPMENT

Equipment. A basic list of equipment for an
isolator may include cages with secure lids, water bottles
and food hoppérs, 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 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. 2 (970cm2). In many circumstances more
space per animal may be needed.




degradation products or the fibrin degradation products. 5.2. MATERI ALS AND
METHODS 5.2.1. ANIMALS Gernfree BALB/ cAnN m ce were obt grmed rrom__I:n

gernfree (GF) colony maintained at the University of W sic Bagh :%:&wﬁhﬁl
were transported to our facility under GF conditions. T e pNtTgen-Free (JAR
colony was initiated by noving pregnant G- mice fed a natu

[ ab ¢ ngrediagnt
diet L-485 (See Pleasants, J.P., et al., J.Nutr. 116, 1949 1964 (1986)) ito
an AF isolator where the nmice were immediately transferried to the

chem cally defined (CD) AF diet. The% _of fspring, which %ad never dlrectl
contacted a Natural Ingredient (NI) diet, were weaned frommaternal mlk to
CD diet and were designated the first AF generation. The AF mce were nated

in pairs until the femal e was noticeably pregnant; then the mal e was
renoved to '

—vw

Table 1 lists the recommended floor space per
animal for mice and rats according to weight groupings.

TABLE 1 Amount of Floor Space Recommended per Animal for
Caged Mice and Rats
. Maximum

Category Spacs per, Animal Population
Number Weight(q) in. (cm?) Per Cage
MICE _

1 up to 10 6 ( 40) 40

2 10 - 15 8 ( 50) 30

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

5 200-300 29 (185) 30

6 over 300 40 (260) 25

MISCELLANEOUS RECOMMENDATIONS

Freon tests for minute leaks are recommended to
-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
sterilizead.

Such records are conveniently kept in metal
hospital-chart holders identified by the isolator number.
They should also contain notes for routine maintenance, e.g.,
glave'replacenent. Breeding-performance records may be kept
in the same chart holder.

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.



-34- ensure that the fermale would thereafter receive her _full daily. thld
suppl enent . Young were weaned at 24 days of age. 5.2.2.! HQU L NG A b, eeae;
were housed in pairs in one half of a standard polycarb iat € Abu
28x17.8x12. 7cm The bottom had been cut out and repl aced mnth a false
bottom of nmesh stainless steel.. Alongitudinal
steel was bolted to the ends of the_p|astic cage, proj ect ing. ennughmabo&e
and beyond the cage to hold in place lid of stainlessiwire. This recessegd

lid, which normally fits inside a cage, was inverted totprovide-—Npie =
adequat e head room above the false bottom Stainless steel collars of

appropriate size were welded to the top of the lid to hold 60l diet

bottles. Four stai i@sethéeesnéupd e eseg! feslid® dmeissIecop!bedluse
longi tudi pal A Videi ol (REn®B¥8tic sparks occur. Fluothane

(bromochlorotrifluoroethane)'is recommended as a volatile,
nonflammable anesthetic.

:l
-
ES

di vi der bf ]sﬁeet st arml ess'

DIETS, BEDDING AND WATER
GENERAL RECOMMENDATIONS

The complete formula for commercially produced
diets should be provided, listing all the ingredients and
their concentrations, including preservatives, 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 1imits of

. naturally occurring hormone activity.

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
statistically selected samples.

4. Free of rodent and vermin contamination.

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

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




hal f way between the false bottomand the top. (A picture of the cages
appears in Pleasants, J.R, The gernfree systemfor aglngfandwrnWUﬁwty Fﬁm
CRC Handbook of Innunology in Aging, (Kay, MM B.S. Nhklﬁe. e . L
pp. 257-297, CRC Press, Boca Raton, FI. (1981). The diet; bott+95"mere~o%'z
brown gl ass. Both diet and water bottles had pl astic Ildsé bh?h0+e3rﬁ7
drilled in their centers. The bottles were filled and |nVe ted in tHal'r
collars. The lipid suppl enent was-X¥asured daily into thp §tarﬁ1é§§“§r8€'
cups. A plastic pan was placed under each cage to receive wastes. The
filter paper which served both as bedding and as |ngest|ble FIrberWwas
What man ashl ess fllter paper No. 41, purchased as clippings (Sargent

Wel ch F I d u 0 ;S\t c res of the
paper)were acBgdhay. ! WWmW%§eQ indfH0 53 EhEEaﬁH@ Wbl

¢l ean I nsi de the isol atqr

er was aut ocl aved:
for 25 mﬁ?%ﬁnl&?{@??]c eXRBPLe, a&.%&@uu(gxgt,\;prgdy« 5, an

inexpensive diet that has been extensively tested (See
Kellogg, T.F., and B.S. Wostmann. 1969. Rat and mouse stock
diet L~485. Ladb. Anim. Care.) and can be commercially
produced (see Table 2). Supplementation with specific amino
acids rather than 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 excfetion of water,
causing humid conditions and thereby limiting the number of
animals that can be housed in an isolator of a given size.

TABLE 2 Composition of Diet 1-485 for Rats and Mice

Ingredient Amount per Kg
DIET
Ground yellow corn (maize) 590 g
Soybean oil meal (crude protein 50 percent) 300

Alfalfa meal (dehydrated; 17 percent protein) 35
Corn oil (once refined)

30
Nacl 10
caHPO4 2320 10
caco 5
Lysiﬂe {feed grade) 5
Methionine (feed grade) s
B.H.T. (butylated hydroxytoluene) 0.125
Trace mineral mix 0.25
VITAMIR MIX
A ' 26,000 IU
_ 1,000 1IU
E}a tocophercl acetate) 225 ng
(menadione) : - 90
Ribotlavin 30
Pantothenic acid _ 285
Niacin €5
Choline chloride 2,000
B (0.1 percent trituration in mannitol) 2
Tﬁinmine HCl - . 65
Pyridoxine HCl1 20
Folic acid . 10
Para-aminobenzoic acid



-35- in plastic bags. Al

m ce received enough paper to cover..one.end.-ef—
the cage. It was replaced when it became wet, yellow or dirty. L GagesT: |
were mai ntai ned inside a 1.37x0.6x0.6M flexible isolator ;of.the Trexker— !

e iy |
type (Trexler, P.C., Lab. Anim Care, 13, 572-581 (1963)), jusing-stapdard i
gnot obi otic technol ogy (see Wostmann, B.S., Ed., Gnhotobi gt s ‘St'andar s’ and i
Gui de Lines for the Breeding, Care and Managenent of Labdr atery-Ani-rat-s—
Nat i onal Research Council,

Nat i onal . Acadeny of Sciences,ﬁvashington, D.C):
The isolators were maintained in a f8om at 21[err] C on a *2h—tight—dark—"
schedule. A 2.5cm di aneter Tygon tube 7.55cm | ong 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. 5.2.3. .
DI ET TRACE MINERAL MIX (commercial £
_ MN as manganous oxide 65 mng
Fe as ferrous carbonate 20
Cu as copper oxides 2
Zn as zinc oxide 15
I as calcium iodate ' 1.5
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 gern-free animal in research. Academic Press, london)

Actual procedures will depend on the equipment

Three factors are of general importance:

l. A pre-sterilization vacuum, whenever possible,
. of at least 51 cm Hg (20 in. Hg) will assist steam penetration
of the diet in a clave or cylinder vented to the atmosphere.

A vacuum of 71 cm (28 in. Hg) or more is recommended when the
supply cylinder is not vented to the atmosphere.

2.

available.

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
Telatively shorter.

3. A post-sterilization vacuum will speed the
Teduction 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
hutritional damage caused by excessively prolonged heating.

Although some nutrient loss is unavoidable, quite acceptable
Tesults may be obtained by manipulation of:



Table 1 indicates both diet conposition and the sequence far—gdrssotv
ingredients in ultrafiltered MI11i-Q water

(M1lipore, M) . TRELAGRMENTGGHEET
and dextrose were Signa tissue culture grade. Vitam ns were o~ fTrom-Sigrg
except for pure retinyl palmtate, kindly supplied by befnan-H?ﬁRQQQEﬂg
Inc. (Nutley, NJ). The other reagents were Fisher certified or é&uf@ﬁlgﬁ
The conplete water soluble diet was filtered cold through 4 ;

. . an A conbrafto-
TGS ultrafilter using three Pml O meT?anes 150mmin di amet

_ r (Am con). The
ultrafilter nmenbranes had a nol ecul ar wei ght cut off of 10,000 dartons:

Tirer
assenbled ultrafilter apparatus was sterilized before use by passing a
0. 15% sodi um hypochl orite solution through it, followed by thorough

washing. Utrafilter, di t St ard ugh
needed. The di et Waéﬁf rekni@éat g{-séea&rés_cs\h&; A6 tEBpELHOUYO) M Eint i

Nas trod d he, | i 0.2 | I
(MBl) fil PEP‘Fﬁ-eEﬁlér&PgéF’gvgggpPég gﬁﬁeﬁﬁééﬂgﬁﬁ#\%ﬁﬂgﬁg B%ﬁn?/ ryotn ube

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 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 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. 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 laboratory animal diets using gamma radiation. Lab. Aninm.
3:221)

Techniques and dosimetry will depend on equipment
and type of radiation. Although, in general, radiation

sterilization is considered to result in 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
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

microbioclogically monitored. 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




-36- inserted into a No 6 Neoprene stopper. For this purpose, the upper
vi nyl stopper was renpoved fromthe Tygon tube sealed to hQ~$9p~9LJ¥W§va
isolator, and the interior of the tube was sprayed with a.%ﬁé#i&ﬁ%ﬁmgfﬁﬂ'
solution of 2% peracetic acid containing 0.1% al kyl -aryl sqrﬁﬁﬁﬁéfﬁfwTﬁﬁ
filter holder stopper was inserted in place of the upper stioppgri; Af€gr PO
m nutes the | ower stopper was renoved (inside the isolatoer) and diet or
water was filtered into the isol ated6éander 20 psi of nittkogén.” The"
conposition of the lipid supplement is given in Table 2. iThe soy
triglycerides were a preparation nade fromthose nethyl esters which vacuum

distilled over a tenperature range yielding the esters frompalmtate to
l'i nol enat g, d‘l;rle.se esters.,wer

Gui ines for e ﬁ%éggT%gt%%Q%e%E%rhfied el

anagement of Laboratory .r;
Animals, National Research Council, National Academy of

Sciences, Washington, D.C., 1970, pp. 28-39.

ESTIMATION OF NUTRIENT 1OSS DURING STERILIZATYON

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 generilly high cost of germfree
experimentation, extra care ghould 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, ané never for longer'than one month, and
that (b) storage time of sterilized diet inside the isolator
should be one week or iess and must never exceed ten days.

BEDDING

Bedding should be changed at least once a week. It
is recommended thit 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 poplar shavings or crushed corn
cobs. are acteptable. Diatomaceous products, cedar, resinous
woods, and hardwoods are not recommended. Ethylene oxide
sterilizacion should not be used until the question of
possibl.: formation of harmful compounds has been clarified.



glycerol to formthe mxed triglycerides. (Nu-Chek Prep, Elysian, M). The
fat-soluble vitanmins were added to the triglyceride mxtute-bef.p .

filtration into the isolator at which time it was warnmed to 50~
fiiltered into the isolator by the sane procedure used for: the mater-soluﬁ}
portion of the diet. The lipid intake was a neasured O. 375ni/6é9 [an o
Increasing the lipid supplement has greatly decreased thelnDrLajlty rmw__pf
mewborn mce. The average litter siLgg.has al so increased to that of '
conventionally reared aninmals. Lactating fenmal es recei ved-twi.ce. the nornma
amount of |ipid supplenment. TABLE 1 Conposition and preparation of

chem cally defined diet L489E1Se Anpunt (grans/ 100 grans | ngredient
of I ngredient)

WATER

o

Drinking water must be sterilized. 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, and 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 eﬁvironment 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 disinfection of
the operative site. Anesthesia is accomplished -
preferentially by dislocation of the cervical vertebrae in
rats and mice, although an abdominal midline local anesthetic
or general anesthesia may also be used without incurring
serious levels of fetal depression and mortality. WwWith

guinea pigs, surgery is generally performed after prior
sedation and under local anesthesia.



To 192 Ml MIli-Q water 70-C the follow ng were added: g q@, HEE

1.9 Phenyl al ani ne Q. A PS&PGUbl%

1. 08 Met hi oni ne 1. UG“Tryptophan
0.37 valine 1. 1237 Asparagifie

0. 91 Arginine HCL 0.81 Threonine
0.74 Lysine HCl -18- 1. 77 H stidine MC1
0.74 The solution was cooled to 45~& and the foll ow ng added; Q. ycine

0.59 Proline

1.48

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 film to maintain the integrity of the upper
compartment. The female, prepared for surgery, is placed in
the lower compartment with the abdomen pressed against the
mylar. All surgical instruments are in the uppér
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 bowel. 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 young removed. The fetal membranes
are removed, and the umbilical cord is clamped and cut. The
young are gently dried and massaged to stimulate respiration.
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 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. Following the



Serine ' 1.33 Alanine .
0.59 Sodi um gl utamat e 3..40 L- tyrosTﬁEj

et hyl ester HC 0. 62 Ferrous gluconate
0.05 Salts 35D1 0.;105 Sodlum

Sel eni te2 0.074 Solutlon cooted 1o 8¢
and the follow ng added: Cal ci um gl ycerophosphate

5.22 Magnesi um gl ycer ophosphat e -19- 1343 Cal ci um
chloride 2Herr]0 0. 185 Sodi 4m

chl ori de-Pot assi um | odi de (KI) m x ' 0. 086 (containing 680nmy Xl)
Vitamn B mx |1 E5[err]

0.09 Vitam n Bl124
1.20ng Cho"é?iéi%gréhe slit in the plastic barrier can be %f%ged with
sterile tape and the surgical procedure repeated on
additional gravid females.

Delivery of the young by hysterotomy is more 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 transferred into the germfree unit
thrchgh 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 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. 1In guinea pigs, however, hysterotomy is
preferred, since a high mortality occurs if as much as two
minutes elapses between the severance from the maternal blood
supply and delivery inside the isolator.

BREEDING SYSTEMS IN GNOTOBIOTIC COLONIES
INBRED STRAINS

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.
minimal inbreeding can be used.

Any system of
(See Falconer, D.C. 1967.
Genetic aspects of breeding methods. p. 72-96 In The UFAQ

handbook on the care and managenment of laboratory animals,



-38- Potassium acet at e 1

8
MIli-Qwater at 70[err]C D Dextrose, anhydrous was added é%#%zﬁewsweéﬁﬁgﬁ
to 5[err]C and conbined both for ultrafiltration. Conposifi¢n of salts 35Pp

m xture given in Table 3 2Added in addition to sbdiun1se|nn t e d e Saliesy 36D
[err] Conposition of vitamn B mx 111E5 (see Table 4) [er']Added in

addition to vitamn B-12 in vitam n.gp4i x 111E5 TABLE 2 Qan05|t|on of
I-i pi d suppl emrent LADEK 69E6 | ngredi ent unt per daily

dose* (0.375nl) Purified soy triglycerides[err] 0. 33¢g Retlnyl
palmtate 6.45mg (11.7 1.U.) Cholecalcifero
. 0288ny (1 15 U.) 2 anbo-al pha-tocopher ol

ed. E and S Livingstone, LTd., London; National aéléi?%n .
cOuncil, Institute for lLaboratory Animal Resources. 1969. A i
guide to genetic standards for laboratory animals. National
Acadenmy of Sciences, Washinton, D.C.).

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
. nongnotobictic rats and mice but has the disadvantage of
preventing the establishment of a microbiological pedigree
that would simplify microbiological monitoring. Ideally,
this could be done by using litters from specific matings 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 coleny. The genetic

consequencees will be identical, provided the same procedures
are followed.

RECORD-KEEPING (See Wolff, G.L. 1967. Practical
mating systems and record-Xeeping 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



2 anbo- al pha-tocopherol acetate
72mg *Lactating mce received twice the nornmal adult dose. kgbt%ﬁﬂﬂéﬁ

12% pal mtate 1.5% stearate 24% ol eate 55% | i nol eatle %I :
-39- TABLE 3 Conposition of the 35D Salts M xture Salt

Amount (per 300nl of diet) (nmg) Mi(acetate)2 4Herr]0 {28 Mn g7
55.4 ZuSo[err] Herr]O

of :

Herr]O

6. 6ng Phyl | oqui ngne

Trot'e

%@%T

%
%

40. § Qu(acetate)[err]

3.4~

biological performance of the animals. The isoclator records
should maintain 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 ANIMAL

In a preferred embodiment of the subject invention,
it is preferred that the germfree animal be bred on a
chenmically defined (CD), low molecular weight, water-soluble,
ultrafiltered diet. It is believed that such a diet pernits
one to obtain complete control of nutrient and antigen intake
by the 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 minerals.
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 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 "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 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.

compoSition and preparation of a preferred CD diet for
germfree mice is as follows:

The




Cr(acetate)3 Herr]O0

2.1 SnSO err] 2H err]O0

(NH err])[err] MJIerr]o[err]4H err]0
NiCl[err] 3Herr]O

AH err] O

0.22 Na[err] Seof[err] -22~
Conposition of the Vitamn B M xture 111E5 | ngredient

0.11 Na[err]VCIerr]

Amount (ng)/300m Diet) Thiam ne HCl

0. 37 Cb(acetate)z

8RNI ang

0. 9P TABLE 4"

1.23
Pyri doxi ne HC 1.54 Biotin _ '
0.25 Folic Acid 0.37 Vitam n B12
0.37 Ribofl avin cOmpositzon and preparatiqmy of
chemically defined diet 1L489El4Se £y
Ingredient Amount
(grams/100
grams of
Ingredient)
To 192 ml Milli-Q water at 70-c the following are added:
Leucine 1.9
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
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
Serine 1.33
Alanine 0.59
Sodium glutamate 3.40
L-tyrosine ethyl ester HCl 0.62
Ferrous-g}uconate 0.05
Salts 35D 2 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,O 0.185
Sodium chloride - pPétassium Iodide (KI) mix 0.086
scontazning 680 mg KI) 0.086
Vitamin B m}x 111ES5 0.09
Vitanmin 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

Solutions cooled to 5~C and combined both for
ultrafilctration.




Ni aci nam de ' 9.2 i-inositol
61. 9 Cal ci um pant at henat e 12. 3 Water

ultrafiltered grade and was filtered into the isolator ip thé“Sa Hp

as the diet. 5.2.4. M CROBIOLOd CAL MONI TORI NG The aptigen-free” sy§fbn
was tested for microbial contamination according to guidglifnes:sétadeg?ih
Wst mann, B.S. ed. (1970) Gnhotobi otpgs Standards and gui flefi nes for the i

breedi ng care and managenent of |aboratory animals, Natipnal Research

Council, National Acadeny of Sciences, Washington, D.C. Briefl

V. swabs

wetted with diet and water frominside the isolator were used

to obtain

fecal smgars obtained fresh fromthe nouse and fromthe accunul ated waste

under ea itdan of &alEs, 380 pApdnrer giveRe ifjatabler 3
3Added in addition to sodium selenate in Salts 35D

4COmpcsition of vitamin B mix111E5 as stated in Table
(see EXAMPLE hereinbelow)

¢ -
.1

4

Added in addition to vitamin B-12 in vitamin B mix 111ES

Such composition is fed to mice or rats ad libitum.

Composition of lipid supplement LADEK 69E6

Ingredient Anmount per daily adult

dose* (0.385ml)

Purified soy triglyce.rides1 0.33g

Retinyl palmitate 6.45mg (11.7 I.U.)

Cholecalciferol ' 0.0288mg (1.15 I.U.)

2 ambo-alpha-tocopherol 3.3ng

2 ambo~-alpha-tocopherol acetate 6.6ng

Phylloquinone 72nmg

*Lacating mice receive twice the normal adult dose

1COnsisting 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 (19
Pleasants, J., et al., Germfree Research: Microflora
and Its Agglicatién to the Biomedical Sciences, B.S.

86),
Control

Wostwmann, Ed., p. 87, Liss, New York (1985): Wostmann, B.S.,
et al., J. Nutr., 112, 552 (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 antibody to any antigen

that the animal in a nongermfree state could produce.

An



the isolator particularly around the entry ports. Dupllcate snears
al ways taken. One set was tested by direct m croscope exanlnat1on f
bacteria and fungi, using a gramstain. The second set of S bs Was used

f-or detection of m croorgani sns. Three weeks were all owed QO]ePaﬁse beﬁarei
a culture was considered to be negative. M crobiological tegstjjng was i
performed approxi mately every two weeks or a few days aftef a new entry Yy To"

the isol ator had been made. 5.3. T#E PRODUCTI ON OF MONOCLONAL ANTI BODI ES
USI NG ANTI GEN- FREE M CE The antigen-free m ce descri bed herei nabove were

used as the |ynphocyte donor in the production of nonocl onal anti bodies.
Solutions of all antigens were prepared under sterile conditions in a

l'am nar fhappha e? 1ike bel hawganarabgaakswﬁ @d@pt 9s!téﬂ£ § @35 Nyl zation
of Lhe AL Cer Mg 301 157 (25" $0u0 £h GbriBRed SRELLF pLO RhEL L0 71 7e

e85 a
much enhanced immune response to the antigen. Thus, one can
increase the 1ikelihood of locating a B-lymphocyte that
produces an antibody that is capable of binding to a specific
epitope of the antigen. This 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
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.

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 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
enmpirical usefulness in the particular fusion system.
However, somatic cells derived from the spleen are generally
preferred. Once primed or hyperimmunized, germfree animals
can be used as a source of antibody-producing lymphocytes.
Mouse lymphocytes give a higher percentage of stable fusions
with the mouse myeloma lines described hereinbelow. However,
the use of antibody-producing cells from other germfree



wi th an equal volunme of Freund's Conpl ete Adjuvant (FCA)
units) was added to the solution of antigen prior to the,
enul sion. Sterile syringes and needl es were used for all
syringes were transferred to the AF isolator via the entnr
were sterilized by spraying with a solution of
Boost er

repl acenent of FCA with Freund's |Inednplete Adjuvant. A

lnterferon. (1000

-41- pé
I njections were given using the sanme anount of anti
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otal of three
booster inmunizations were given each at intervals of three-weeks—Fhe
final boost (w thout adjuvant) was given 4-7 days prior to fusion. A

I mruni zations were given intraperitoneally. The mce were renoved fromthe
i sol at or 221
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gé%ﬁéree animal depends on the choice of antigen, for it is
essential that the germfree animal have a B-lymphocyte in its

repertoire of B-lymphocytes that can produce an antibody to
such antigen.

4.6. IMMORTALIZING CELLS

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 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
nyelomas with enzyme deficiencies that render them.incapable
of growing in certain selective media 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
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 those deficient in antibody

secretion mechanisms are 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
production of fused cell hybrids, including NS-1, X63~-Ag8,
NIS-Ag4/1, MPC11-45.6TGl.7, X63-Ag8.653, Sp2/0-Agfl4, FO, and
S194/5XX0.Bu.1., all derived frcm mice, and 210-.RCY3.Agl.2.3
derived from rats. (G.J. Hammerling, U. Hammerling and J.F.
Kearnly, eds., 1981, Monoclonal antibodies and hybridomas In

J.L. Turk, eds. Research Monographs in Immunology, Vol. 3,
Elsevier/North Holland Biomedical Press, New York).

‘.
DAY



The spl eens were renoved and the spl enocytes fused with nouse nyel oma cells
(NS1) using standard hybridoma technology. 5.4. USE OF THE “CENFREE————

ANI MAL SYSTEM FOR THE PRODUCTI ON OF A FI BRI N- SPECI FI C MONOCLERARC i BADWET
The antigen-free systemwas used to generate a fibrin-specjf{c Hwonoctonat—
antibody. The antibody is highly specific and does not recpghi zg 722 a7

fibrinogen, fibrin degradation produggs or fibrinogen degradatlon brodths.
The hybridoma cell line was produced by fusion of splenocy

free BALB/c nmice, imunized with human fibrin, and NSI nydloma cells.
| MMUNI ZATI ON SCHEDULE Three ei ght week old female antigen tTree mce

5.4. 1.

t es from antigen

were i nmuni zed with 33 mcrograns of a human fibrin preparation. The
preparation was a freeze fracture $ahpl FUSION bri n which was prepared as

foll ows:

f .
DY

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 agent or agents (chemiéal, 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 described by
Koﬁiet 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
invest;gators were Sendai virus and polyethylene glycol

(PEG), respectively.

- One can also utilize the recently develobed EBV-
transformation technique (Cole et al., 1985, Monoclonal

Antibodies and Cancer Therapy, Alan R. liss, Inc;, PP. 77~
96) .

4.8.. ISOLATION OF CLONES AND ANTIBODY DETECTION

Fusion procedures usually produce viable hybrids at
very low frequency, about 1 x 10~° to 1 x 10”%. Because of

the low frequency 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.

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



Human fi bri nogen was converted to fibrin by thronmbin and Factor Xlilla. The

fibrin clot was then frozen in liquid nitrogen and reduced g an-extrenely. ...
fine powder by nechanical disruption. A dispersion of the fﬁé%féﬁﬁiéétﬁﬁeﬁgy
fi-brin was made in saline to give a clear solution of crosslijked-fibrtn .,
XL-Fn with a final concentration of Ing/nm. 33 mcroL of t isgfﬁﬁrg&a.mﬂv !
antigen was used to i mmuni ze the ankgaks. The volune of th ntigen = ¥ f

sol ution -42- was adjusted to 100 microL with sterile Si|iﬁ§mﬁﬁﬁ“mﬁsmw
then enulsified with FCA as described in the | ast section. iTwo booster

i muni zations were administered, at intervals of three weeks, UGSIAg the———-

sane | evel of antigen in Freund's Inconplete Adjuvant. The final booster
was gi ven pYrimigime synthesié Dysishibitdngakbe| pyeAusriant Pfen was used .
and tetrahydrofolate. The addition of thymidine bypasses the i
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. 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 weesks), the only cells which can

proliferate in HAT media are hybrids formed from hyeloma and
spleen cells.

To facilitate screening of antibody secreted by the
hiybrids and to prevent individual hybrids from overgrowing
others, the mixture of fused myeloma and B-lymphocytes is
diluted in HAT medium and cultured in multiple wells of
microtiter plates. In two to three weeks, when hybrid clones
become visible microscopically, the supernatant fluid of the
individual wells containing hybrid clones is assayed for
specific antibody production.

The assay must be sensitive, simple and rapid.
Assay techniques include radioimmunoassays, enzyme
immunoassays, cytotoxicity assays, and plague assays.

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 of two
standard ways. A sanmple 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 produced by the fused cell
hybrid. The body fluids of the animal, such as serum or
ascites fluid, can be tapped tc provide monoclonal antibodies




adj uvant was replaced with saline. 5.4.2. DETECTI ON AND DETERM.NATL.ON OF
ANTI BODY Qualitative and quantitative determ nations of nong

i , , : Jvn@# gt ishaey
were perforned using an enzyne |inked inmunosorbent assay F e
ELI SAs were perfornmed using human fibrin i nmobilized onto yQ T
plate (Costar). The fibrin coated assay plates were preparfed b ncu a{unq
100 mcroL of a fibrinogen solutiop,gKabi, grade L) (50 mcr o' I
borat e/ saline buffer) overni ght at iferr]c Unbound fi brinpgen was renoved
by washing with PBS containing 0.05% Tween 80 (PBS-Tween).*%+

coated onto each plastic well was converted to fibrin by incubation with
100 mcroliters of a thronmbin solution (10 NIH units/m) containing
2mVCadl [ afy highr concentratistn.er Al€CerSatidely, cehebindividaalveellior t he
ant i body p akLo o] h was
hormogene &‘gg, s %g%s é&%ﬁ%’%&'&% qn WE% kh EFBE::E%E? E’:ih\?ﬁ&:%

e fibrin coated
vessels. The culture nediun, con aining high concentrations

of a single specific monoclonal antibody, can be harvested by
decantation, filtration or centrifugation.

4.10. USE OF THE MONOCLONAL 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.

A major use of monoclonal antibodies is in an
immunoassay, which is the measurement of the antigen-antibody
interaction. Such assays are generally heterogeneous or
homogeneous. In a homogeneous immunoassay the immunoclogical
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 homogeneocus solution. Immunochemical
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 immunocassay, 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 enmploying 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



pl ates were incubated with a 1% solution of BSA in PBS p
containing solutions (100 mcroL) were then added and in¢
90 minutes. After each step in the procedure the wells wprgméxrensrvety

washed wi th PBS- Tween. Bound anti body was detected by th
1000 fold dilution of

rabbit anti-nouse antibody conj ugaj e

phosphat ase (Sigma) diluted in PBS,__1% BSA pH8. 0 -4 B- 5.473.
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mice were sacrlflced by CJerr]

asphyxi ation and a splenectony performed i mediately. The spleen celTS 170

the i muni zed mce were fused with the fusagent pol yethyl ene glyco
(3000-3700) .

forth. Exemplary of heterogenecus immunoassays are 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., 1980. See
also, for example, U.S. Pat. Nos. 3,690,834; 3,791,932;
3,817,837; 3,850,578; 3,853,987; 3,867,517; 3,901,654;

4000
The cells were incubated in HAT selection nedia in T fl asks

for 1 weekheMab@rorhradibsetive labels, fluorescers, enzymes, and so

3,935,074; 3, 984 533; 3,996,345; and 4,098,876, which listlng

is not intended to be exhaustive.

Another major use of monoclonal antibodies are in-
vivo imaging and therapeutics. The monoclonal antibodies can

be labelled with radiocactive compounds, for instance,
radicactive iodine, and administered to a patient
intravenously. The antibody can also be 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 of 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, e.g., 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 can

be used therapeutically. Antibodies with the proper
bioclogical 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 radiopharmaceutical or pharmaceutical.

m



cells were plated out into 5 X 96 well plates from which 9 AEh s rﬂhgﬁgﬁmET
gromh. O these, 19 wells were positive for the fibrin anfi

-genw- of -

t hese cl ones, F492D8 (later renaned MM ), produced anti bod % ]
recogni zed the fibrin antigen but did not crossreact with fip nbéen« ﬁﬂ|§
particular clone, MH, was recloned three tinmes by limting d++ﬂ%%@anLIDJ
the tertiary cloning phase perforned at 1 cell per well. ce the cell line

was stabilized it was weaned onto a-gerFum free nedi umt he ctett—t+i-ne

produces anti body at the |evel of approximately 7.5 ng/liter. 5.4.4.
PURI FI CATI ON OF MONOCLONAL ANTI BODY Before purification (4 Liter batches

of ) tissues culture supernatants were centrifuged to renove cellular debris
and filtered through a 0.8m croM nyl on nenbrane to renove any, residual
parti cul atMethads ifgar and Fadicphagmaceutdcalss- C t 6t
a vol une &f AHYibodHidy sreé e Xl -knouwd (Weler,alfiort eXdampl esy TariBedpl Oyi Nng a
YM t ype nef@éa@]neer{ﬁa‘rﬂ.e(i?&tw H’bml oG -Al _%iaght cut of 30,000.
It also is believed that polyclonal antibodies

derzved from a germfree animal also can be utilized in

inmmunoassays and provide an improved result as compared to

polyclonal antibodies derived from a conventional animal.

Polyclonal antibodies derived from a germfree animal can be

made by utilizing a 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.

S. A FIBRIN=-SPECIFIC MONOCLONAL ANTIBODY

' $.1. BACKGROUND

The hemostatic mechanism is a complex
physiological response mechanism involved in repairing
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 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 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 physiological mechanisms controlling the f£ibrin
polymerization process involved in thrombus formation.
These include the thrombin inhibitor antithrombin III




Y= oorgm

Buf f er exchange to 20nM 2( N- nor phol i ne) et hane sul phoni ¢ actari@VESE T pHE=E;
(Buffer A) was acconplished by diafiltration according to th@”nanuﬁac%upefs
instructions. After further concentration to a final vol ufe oh 00~ ﬂhsmﬁh
anti body solution was filtered through a 0.451 micron nyl pn ménbraiie béfore
further purification. The concentrated anti body sol uti on has purtfted—by-—

| i quid chromat ography on a Waters HRJC chromatograph using a 7. 75mm x 10cm

ABx columm (J.T. Baker, Phillipsburg, NJ). The colum was equilTbrated-wtt
buffer A and the sanple (10OM) was applied at a flow rate -44- of
1.0m / mn.

After extensive washing with buffer A the antibody was el uted

fromthe colum wth a gradient fron1buffer A to 100% buffer B (1M sodi um
acet at e pkATIEL) 1 RYPReRN € RIPIHHACYSIAN aARd YaiGiQus (RBRANENYHRE

the fibrinolytic system such as tissue plasminogen activator i
(t-PA) and its fast acting inhibitor (PAI).

The homeostasis hypothesis proposed by Astrup in
1956 Astrup, T., Blood 11, 781-806 (1956) states than an
equilibrium exists between fibrin formation (coagulation)
and fibrin dissolution (fibrinolysis). 1In 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, 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. Thromboembolism and thrombotic complications of
other vascular disease (eg. atherosclerosis) can result in
occlusion of major arteries leadihg to organ ischemia and
the attendant life-threatening conditions such as
cerebrovascular accident (stroke), myocardial 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 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 thrombus where it is protected from inactivation
by the main physiological inhibitor of plasmin, alphaz-
antiplasmin.

Upon exposure to plasmin, fibrinogen and f£ibrin
are broken down to their degradation products. Fibrinogen
breaks down into fragments X and Y, and upon further
exposure to plasmin, fragments D and E. Fibrin breaks down




containing MAb (as determ ned by ELI SA) were pool ed and dimghysed agaidsET
phosphat e buffer saline (PBS) (20mM sodi um phosphate, 150m |

M-s.odbtm- ...
chloride, pH7.4) and stored at -20[err]C at concentrati ons

> ln"ng/ﬂ‘ml 'a;".?%h%
ABx col um was regenerated by washing for 5 minutes with 1p0%hdFfer H. |
foll owed by re-equilibration wth 15 col umm vol unes of buf tet~Ab-5: !
DETERM NATION OF FIBRIN SPECIFICITY Initial determnation of fibrin

specificity was achi eved by screenidmp-ybri doma super nat apt-s—separat-et-y—on
fibrin and fibrinogen coated mcrotiter plates. Only those cell lines
produci ng anti body that did not crossreact with fibrinogen were accepted.
Further confirmation of fibrin.specificity was determned utilizing a _
conpetition assay with fibrinogen in_solution, therehQy confirmng that the

ant i body t@ecETagRents ¥nive PR B gEFPT PAYTCRITTHInkRE Jkrkn ah assay’
enpl oyed &PossIEnkéd DidEmés Pro+Dpecotpleky Vidiner aAnt4ibahmersamery or ned
as cligomer from crosslinked fibrin.

Assays for markers of thrombotic disorders have
been conducted until quite recently using polyclonal
antibodies in both radioimmunoassays and latex agglutination
type assays. These assays have been demonstrated to be
extremely unreliable by Gaffney (Gaffney, P.J., Ann. N.Y.
Acad. Sci., 408, 407-423 (1983). More gpecific and
sensitive immunoassays (such as ELISAs) using mohoc;onal
antibodies are becoming common practice in clinical
laboratories. 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
indicators and the antigenic relatedness oé 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 III, plasmin-élphaz-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 fibrin
and its physiological precursor fibrinogen. It has been
estimated that the conservation of covalent structure when
fibrinogen is converted to £ibrin is greater that 98% (Plow,
E.F., 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 unigque to
fibrin). Many of the approaches which have been adopted to



described for the ELISA assay hereinabove w th preincubati

dhe-,
antibody with fibrinogen in solution. Briefly, hybridoma su EQ?LE%QWQ?QEiFFT
i ncubated at 37[err]C for 30 nminutes with solutions of filbr “”?

ogen at
physi ol ogi cal concentrations (4ng/m) containing BSA (I Org/ nj)Z o iprevEdt |
non specific binding of antibody to fibrinogen. The fibriro gE

n/antibody
solution was then transferred to wells of a mcrotiter plgte which had been

coated with fibrin. GyProArgPro (G33R) was added to the beu.mgan._,-m____w_-_ﬁé
i nhibitor to prevent possible polymerization of fibrinogen by residual

thronbin in the fibrin wells. The assay is then perfornmed as a conventi onal
ELI SA assay for antibody bound to an immobilized anti gen. In al

experinments to test the fibrin specificity of the MHL anti body a second .
anti body aéquiwe fitmrimsantikedies havsd connentratied wint Hiimumdizdngnd

fibrinogegnimals with' soluble fibrin fragments and synthetic peptides
which mimic exposed neocantigenic sites on fibrin. See Hui,
K.Y., et al., 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. Immul., 21, 89-94 (1984).
However, it is believed that the binding site 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 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 £ibrin and not to fibrinogen, the fibrinogen
degradation products or Ehe £ibrin degradation products.

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 Aﬁtigen-?tee (AF) colony was
initiated by moving pregnant GF mice fed a natural

: ingredieht diet 1L-485 (See Pleasants, J.P., et al., J.Nutr.
116, 1949-1964 (1986)) to an AF isolator where the mice
were immediately transferred to the chemically defined (CD)
AF diet. Their offspring, which had never directly
contacted a Natural 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



5.5.1. DETERM NATI ON OF CROSSREACTI VI TY W TH FI BRI NOGEN 5.i5FEraAns -;fﬁh
| MMOBI LI ZED FI BRIN AND FI BRI NOGEN The cell line MHL producesAa«nuF+ne oy
monocl onal antibody which crossreacts with fibrin when it jis |nnDbLL4zaQ dn
the surface of a PVC microtiter assay plate (table 5). In {the same assay |

t he anti body does not recogni ze fibrinogen i mobilized on it h ﬁ

e—pt-ate-—As~ttie
data on table 5 indicate, there is a dramatic increase in fi munoreactivity

once fibrinogen is converted to fibL'p_by t hr onbi n, i ndi catinmg—ctearty-tte
exposure or formation of. a neoepito%e on the fibrin nolecule. The control
anti body. 45J, however clearly recognizes an epitope which is conserved

when fibrinogen is converted to fibrin. 5.5.1.2. COVPETI TI ON ASSAY W TH

FI BRIN AND FI BRI NOGEN The fibrin specificity of the antibody, antlbody
was furthensigedthatathe ifemaleowpaldt thereaftyri pevkiok hpbr edoom

Super Al A 9° 18P SR el olhl LBSE°UeRRbY' b€ 24" bBFE of

concentra
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5.2.2. HOUSING .

AF breeders were housed,in pairs in one half of a
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 piastic cage,
projecting enough above and beyond the cage to hold in place
a 1id of stainless wire. This recessed 1lid, 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 1id to
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: CRC Handbook of Immunology in
Aging, (Kay, M.M. B.S. Makinodan, T., eds.), pp. 257-297, |
CRC Press, ﬁoca 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
filled and inverted in their collars. The lipid supplement
was measured daily into the stainless steel cups. A plastic
pan was placed under each cage to receive wastes.

The filter paper which served both as bedding and
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'1nside'the'isolator. The paper was
autoclaved for 25 min at 121'C, or was irradiated (4.5 Mrad)



to an ELISA on fibrin coated wells. Since such a high | eve
was used in this conpetition assay (x500 that of the antijbBayis

I'\I L
T o1

concentration) BSA (10 ng/m final concentration) was adcedftowfhé~ﬂfx

The peptide GPRP was added to prevent fibrin polynerizati
thronbin on the fibrin coated wells. The results of this ias
that the MHL anti body does not recognize fibrinogen in sdlu
Assumi ng 400 ng. of fibrin binds to &388n well of the micrlotiter

ony by ar esi-duab
say “i ndicaté

t-tye.

rom—(Tabt-e

6.

assay
pl ate, then the fibrinogen |evel used in this particul ar ToMpetitron assay
represents a 1,000 fold -46- excess over the bound fibrin antigen. In

addition it represents a 400 fold excess of the antibody | evel

in the

tissue S”pﬁ%P%&%Ekic bags. All mice received enough paper to cover

one end of the cage. It was replaced when it became wet,
vyellow or dirty.
The cages were maintained inside a 1.37x0.6x0.6M

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 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.

5.2.3. DIET
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 retinyl palmitate, kindly supplied by

Hoffman-La Roche, Inc. (Nutley, KJ). The other reagents

were Fisher certified or equivalent. The complete water
soluble diet was filtered cold through an Amicon Diaflo TC3
ultrafilter using three Pm10 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




TABLE 5 Crossreactivity of MHL Anti body with Fibrinogen and_Fibrin Antigen

I\/Ab A405nM 30 m n. Fl bl’ | n ':‘.:;»}5 ,=: {:;_{;V:_
Fi br i nogen ML .90 . 025] 4h1 o EHT SHEET
165 1.50 TABLE 6 Crossreactivity of MHL}An [bggximnthg
Fibrin in tthe Presence of Fibrinogen Mab A40SNM 0B ni'n’ 1357 i
+fi bri nogen -fibrinogen M@i 1.24 - j
1.27 45J _ 0.438 - 1.74 5.5.2.{ DETERM NATI ON
OF CROSSREACTI VITY W TH FI BRI N(OGEN) DEGRADATI ON PRODUCTS Ei-bri-nogen

degradati on products (FDPs) were prepared by incubating fibrinogen with
plasmn at 37[err]C for

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 uppér 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 digtilled 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
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 procgdure used for the water-soluble
portion of the diet.

The lipid intake was a measured 0.375ml/day.
Increasing: the -1ipid supplement has greatly decreased 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.

TABLE 1
-Composition and preparation of chemically defined diet
L4B9E1Se )
Amount
(grams/100 grams
Ingredient

of Ingredient)




time periods ranging from10 mnutes to 3 hours. At the

time fibrinogenolysis was stopped by the addition of Trasylafei(zkO8FHT St
Kallikrein inhibitor units/nm) and 20 mM epsil on am no cafg
Crosslinked fibrin degradation products (XLFDPs) were prepahed Ry - 1.h€ennm
addition of thrombin (4NIH units/nL) to a fibrinogen sol utji
Tris buffered saline (TBS, pH 7.4, 50 nM Tris HCl, 150 nM

10 nM Cad [err], plasm nogen (0.25 7TL) and uroki nase

m xture was incubated at 37[err]C and the plasmn digesti

different tine intervals as descri bed herei n- above for

-47-_desired

HEET
rOLCmaGJd A-EAGAY). .

| n(SIm/MJ 7iy
NalGh-)—e-ent-ai-nt-ng
(530 TU ). The
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the FDPs. To

determ ne crossreactivity of the antibody with fibrin degradation products
and fibri®ggep20ayrRiaiieg water 70~C the following were added:

Leucine
Phenylalanine
Isoleucine
Methionine
Tryptophan
Valine
Asparagine
Arginine HC1
Threonine
Lysine HCl
Histidine HCl

1.9

0.74
1.08
1.06
0.37
1.23
0.91
0.81
.74
1.77
0.74

Tpe solution was cooled to 45~C and the following added:

Glycine

Proline

Serine

Alanine

Sodium glutamate
L-tyrosine ethyl ester HCI

Ferrous gluconate
salts 3sp!

Sodiunm Selenite?

Solution cooled to 5~C and the following added:

Calcium glycerophosphate

Magnesium glycerophosphate

Calcium chloride 21,0

Sodium chloride-Potassium Iodide (KI) mix

(containing 680mg KI)
Vitamin B mix 111E5°
vitamin 312

Choline chloride

0.59
1.48
1.33
0.59
3.40
0.62
0.05
0.105
0.074

5.22
1.43
0.185
0.086

0.09
1.20mg
0.31



products the appropriate degradation products were coated onto mcrotiter
pl ates and ELI SAs were perfornmed by conventional methods. A@ chg-diesut BEFED
Table 7 indicate, the MHL anti body does not crossreact witih ahywplasmnmws
generated fibrinogen degradation products. As table 8 indiicajes, i
anti body does not react with XL-fibrin degradation products. i Thi 5t R ;
observation al so was nmade when the anti body was tested for CfOSQrParT1unfw
by Western blotting anal ysis. The copgcl usion can be drawn }hat the antibody
recogni zes an epitope of the intact 1ibrin nmol ecul e which [.s. not present—or—
exposed on the surface of the precursor nolecule, fibrinogen. The epitope

i s apparently destroyed by plasm n digestion of crosslinked fibrin as the
data in table 8 suggest. Accordingly, the MHL antibody is a fibrin- speC|f|c

nmonocl onal papksb9ay MBeehtean be defined as foll ows: For theipsspose of t'He
subj ect invention a

To 108ml Milli-Q water at 70°C
D-Dextrose, anhydrous was added

Sclutions cooled to 5°C and combined both for
ultrafiltration.

1CQmposition of salts 35D mixture given in Table 3

2pdded in addition to sodium selenite in Salts 35D
_3composition of vitamin B mix 111E5 (see Table 4)

4pdded in addition to vitamin B-12 in vitamin B mix 111ES

TABLE 2

Composition of lipid supplement LADEK 69E6

Ingredient Amount per daily dose* (0.375ml)
Purified soy triglycerides1 : 0.33g

Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalciferol .0288mg (1.15 I.U.)
2 ambo-alpha~tocopherol 3.3ng

2 ambo-alpha=-tocopherol acetate 6.6mg
Phyllogquinone 72mg

*Lactating mice received twice the normal adult dose.

1Consisting of: 12% palmitate
1.5% stearate

~ 24% oleate
55% linoleate

8% linolenate




fibrin-specific nonoclonal antibody is a nonoclonal antibody that: -48-
1. in a conpetition assay to measure crossreactivity wth fLBE] e-apdsyr curer |
fibrinogen, as described herei nabove, the nonocl onal antlﬁoﬂ';h SS.
about 75% and preferably |less than about 10% crossreactlwlty Wth
fibrinogen when fibrinogen is utilized in a quantity of a i1, D0B fol.d ex@eﬁs
as conpared to fibrin, 2. in an assay to neasure crossreac i Uity wi.th !
crosslinked fibrin and fibrin degradaf¢on products, as desgribed 3
her ei nabove, the reactivity of the nonoclonal antibody with the fibrin thaLw}
has been digested with plasmn for about three hours is |ess than about

50% and preferably | ess than about 40% of the reactivity of the
nonocl onal

TABLE 3 73

Composition of the 35D Salts Mixture

Salt Amount (per 300ml of diet) (mg)

Hn(acetate)2 4320 55.4

Zuso4 Hzo ' 40.6
Cu(acetate)2 Bzo 3.7
Cr(acetate)3 Hz° 2.5
NaF 2.1
SnSO4 ZHZO ' ' 0.37
(NH,) o Mo,0,, 4H,0 _ 0.37
N1C12 3820 0.37
cQ(acetate)2 4320 0.11
Na3v04 0.22
Na25e03 . 0.096
TABLE 4
Composition of the Vitamin B Mixture 111E5

Ingredient’

Amount (mg)/300ml Diet)

Thiamine HCl

1.23
Pyridoxine HCl 1.54
Biotin 0.25
Folic Acia 0.37
Vitamin B12 0.37
Riboflavin 1.85
Niacinamide 9.2
i-inositol 61.9
Calcium pantathenate 12.3

Water was Milli-Q ultrafiltered grade and was
filtered into the isolator in the same manner as the diet.



antibody with fibrin at tinme zero, and 3. in an assay to neasure

crossreactivity with fibrinogen and fibrinogen degradatloﬁ pE-Q
descri bed herei nabove, the reactivity of the nonocl onal antlm
fibrinogen that has been digested with plasmin for about fput
greater than the reactivity of the nonoclonal antibody mntp
time zero. The HHL anti body has been further characterized

its affinity for fibrin. The affini t-#0mas determ ned by Sc
(Frankel et al., Molecular Imunology, 16, 101-106(1979)) Lsing

hours |s no;
i Brii nogen &t §
F | :
i |

t chard analy5|s

1251 -1 abel l ed MH1L anti body. The val ue obtained for the di ssoci ati on
constant [err] was 6.7 x 10[err] M Such affinity is about 5,000 tines

that of the affinity of ts %fﬁm %lmdeterrﬁned by _
West ern | mmunobl otting ahd1y3| oS does not crossreact':
with the Alerr], B[ &¥h¢ antigenrmiremspstan (Was | | fQnmigrolid been

determ nedc&utw@n&@f@n NEEOE Pig X6t gifidelines set out in Wostmann,

B.S. ed. (1970) Gnotobiotics Standards and guidelines for
the breeding care and management of laboratory animals,
National Research Council, National Acadeny of éciences,
Washington, D.C. Briefly, swabs wetted with diet and water
from inside the isclator 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 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.

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 hereinabove 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.

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 to the preparation of the emulsion. Sterile syringes
and needles were used for all immunizations. The syringes
were transferred to the AF isolator via the entry port where
they were sterilized by sprayfng with a solution of




that the MHL antibody does not crossreact with thronmbin treated Alerrl..or,

Blerr] chains of fibrinogen. (Thronbin treatnment of fibrlimegen:ueguld:igrm
the rel ease of fibrinopeptide A and fibrinopeptide B Fﬁﬁﬁliﬁéfﬁ¢erx}i
chain and B[err] chain, respectively, therefore form nglt e(@ﬂcga;qﬁgyd;
[err] chain of fibrin.) TABLE 7 Crossreactivity of MHL Antii kody -w th-? §
Fi bri nogen Degradation Products Plasm n Digestion Tinme ¢mlns) -
A405 nn 33 mn VHL 4330 0. 15

1.037 10 0. 10 nm 20 o3
0.11 1.02 -

peracetic acid (2%). Booster injections were given using 3

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 given 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 gplenocytes fused with

mouse myeloma cells (NS1) using standard hybridoma
technology.

5.4. USE OF THE ANTIGEN~-FREE ANIMAL SYSTEM

FOR THE PRODUCTION OF A FIBRIN-SPECIFIC
MONOCLONAL ANTIBODY

The antigen-free system was used to genefate a
fibrin-specific monoclonal antibody. The antibody is highly
specific and does not recogniie 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 ﬁyeloma cells.

5.4.1. IMMUNIZATION SCHEDULE

Three eight week old female antigen free mice were
immunized with 33 micrograms of a human £ibrin 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 the freeze
fractured fibrin was made in saline to give a clear solution
of crosslinked fibrin XL-Fn with a final concentration of

img/mL. 33 microlL of this fibrin antigen was used to

immunize the animals. The volume of the antigen solution



40 0.11 0. 410 60
0.10 0. 330 240 0.09

0. 300 TABLE 8 Crossreactivity of MHL Antibody with Fibrin qeéﬁé oo
Products Plasm n Digestion Tinme (hours)

A405 nni 30 |
mn MHL 45] -50- 0 8p0z & 1771 Y7
1.40 3 0. 354 1.0 5 ;
0.-310

0.77 In additions4zs the results in Tabi e 7 indicate,
the control antibody, 45J anti body, binds to fibrinogen and

was adjusted to 100 microl with sterile saline and was then
enulsified with FCA as described in the last section. Two
booster immunizations were administered, at intervals 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.

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 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 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 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 in PBS
PH7.4. Antibody containing solutions (100 microl) were then
added and incubated at 37~C for 90 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
pHsoo.



does not crossreact with fibrinogen degradati on products. *@pqng&ﬁ@ryﬁ Slaich
a nonocl onal antibody is a fibrinogen- specific nonocl onal ti-body -and —
represents another aspect of the subject invention. The filr anganaspe&hﬁlc
monocl onal anti body can be utilized in any-inmunoassay t hat arn- be' utiiized
to determine plasma fibrinogen levels in vitro. The 45J anti has—been—
further characterized in that it hagakeen determ ned that tihe 45J epitope
i's on the Alerr] chain of fibrinogen in the region from abouwt—amtrmo—acid

206 to about 424 and nost likely in the region fromabout am no acid 207 to
about 231. For the purpose of the subject invention., a fibrinogen-specific
nonocl onal antibody is an antlbody that I n an assay to nmeasur e
crossreactivity w Bh4ftBhri ERGBE N e N pr oduct's, as

descri bed herei nabopge dive eeed I%éﬂﬂcd&mmdﬁiﬁ]lyﬁuﬂﬂaﬁdin‘@ tah
fibrinogen at _has been_di W q% about tes Is |less
t han aboufP {5?)‘3 ° '%ep?ﬁﬁ f‘??/? %“57 #5‘1 &rﬁf;noc %aﬁP‘a’rﬁ'f ‘W I?‘\‘l bri nogen
at tine Zche. 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 MHl), 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 serun~free medium the cell line produces antibody at

the level of approximately 7.5 mg/liter.

S.4.4. PURIFICATION OF MONOCLONAL 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 S00nL
using a spiral wound ultrafiltration system employing a YM
typre membrane (Amicon) with molecular weight cut of 30,000.
Buffer exchange to 20mM 2(N-morpholine) ethane sulphonic
acid (MES), pH6 (Buffer A) was accomplished by diafiltration
according to the manufacturers instructions. After further
concentration to a final volume of 100 ml, the antibody
solution was filtered through a 0.451 micron nylon membrane
before further purification. The concentrated antibody
solution was purified by liquid chromatography on a Waters
HPLC chromatograph using a 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
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of a fibrinogen

solution (SQug/nL in borate (pH3.5) saline buffer) at 4[err]C overni ght.
Crosslinked fibrin was fornmed in the fibrinogen

of 1.0ml/min. After extensive washing with buffer A the
antibody was eluted from the column with a gradient 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) and stored at ~20°C

at concentrations_> img/ml. The ABx column was regenerated

by washing for 5 minutes with 100% buffer B, followed by
re-equilibration with 15 column volumes of buffer A.

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 did not crossreact with
fibrincgen 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
fibrin specificity of the antibody was performed as
described for the ELISA assay hereinabove with preincubation
of the antibody with fibrinogen in solution. Briefly,
hybridoma supernatant was 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 wells 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 conventional
ELISA assay for antibody bound to an immobilized antigen.

2.




was formed in the fibrinogen coated wells by incubation fofd 1 Kour ' at ! f
37[err]Cwith a thronbin solution (10 NIH units/m) in phosphat & bBuffer—{p
6.1) containing EDTA to a final concentration of 0.0125M 4. The bound
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(I1ONIH units/m) in Tris buffered saline (TBS, pH 7.4, 50nM TrisHCL; 150wM
NaCl), containing 2mM CaCl [err] and 10nM cysteine. 3. Nonctogsld aked- hh@fln
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$.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). In the same assay the antibody does not
recognize xibrinogen immobilized on the plate. As 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
neoepitope on the £ibrin molecule. The control antibody,
45J, however clearly recognizes an epitope which is
conserved when fibrinogen is converted to fibrin.

5.5.1.2. COMPETITION ASSAY WITH FIBRIN AND FIBRINOGEN
The fibrin specificity of the antibody, MH1

antibody, was further demonstrated in a competition assay in
which hybridoma supernatant was preincubated with a
fibrinogen solution (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 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
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

Bound conj ugate was determ ned by the addition of an

The results of the assay

, .
DY
L



serves to lock or freeze the conformation which the antlbodyxnﬁqqgny% sukbay

t he noncrosslinked species the conformation, although it id farmed, . it Jsm1
not stabilized by coval ent bondi ng of the polyner It has als bq@n " 109 i
demonstrated that the antibody crossreacts with both crosslfin ed “and " 17
noncrosslinked clots, formed in vitro. Crosslinked fibrin S ar-ed-py....

I ncubating a fibrinogen solution (lrggeis (50 pH7.4) salline, containing
CaCl[err] (2mM and cysteine (IOM)) with thronbin (10Nl H uRit-siid)—mf-or—3mmm
hours at 37[err]C. The non- crosslined fibrin was formed by incubating a
fibrinogen solution (3ng/m ) in phosphate buffer (pH6.1) containing EDTA to.
a final concentration of 0.0125M w th a thronbin sol uti,on -52- (10Nl H

uni ts/ nl ) eXsess QYeYs the Paund fdbrin antigemat i dn addifdon it

represents a 400 fold excess of the antibody level in the £
tissue supernatant.

TABLE 5

Crossreactivity of MH1 Antibody with’
Fibrinogen and Fibrin Antigen

MAb A o5ne/30 nin.

Fibrin Fibrihggen
MH1 .90 . 025
4537 1.65 1.50

TABLE 6
Crossreactivity of MH1 Antibody with Fibrin
: in the Presence of Fibrinogen

MAb A o5/ 30 min.

+fibrinogen -fibrinogen
MH1 1.24 | 1.27
457 0.438 1.74

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

Fibrinogen degradation prodécts (FDPs) were
Prepared by incubating fibrinogen with plasmin at 37°C for
time periods ranging from 10 minutes to 3 hours. At the



clots, they were washed and incubated at 37[err]C with 400ul pREXLAGEBIA SH
solution containing [err]lodine-|abelled HKL anti body. Small Rl rquots--of-- 7
solution were renoved at different tinme points and the anount}{ o anilbodym7 i
upt ake was determ ned by counting the plasma in a ganma countger Tabl'e 107 i
shows t he uptake of antibody by both the noncrosslinked and cyosSstirmked———-* 1
cl ots. TABLE 9 Crossreactivity of MHL Antibody with Crossljnked and
Noncrossl i nked Fibrin Antibody Crossl i nked Noncr oSST1T nkéd
Concentration Fibrin P4d-in (ng./m.) (Absor bance at

405 nanoneters) 100. 000 0.764 0. 409 50. 000

0. 460 0. 319

desired time fibrinogenclysis was stopped by the addition of
Trasylol (100 Kallikrein inhibitor units/mL) and 20 mM
epsilon amino caproic acid (EAcCA).

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 NaCl) containing 10 mM
Cac12, 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.

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 b&
conventional methods. As the results in Table 7 indicate,
the MH1 antibody does not crossreact with any plasmin
generated fibrinogen degradation 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 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 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:

For the purpose of the subject invention a

fibrin-specific monoclonal antibody is a monoclonal antibody
that:
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the MHL anti body crossreacts with not only human fibrin but also rabbit

fibrin. 3.

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 fibrin,

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 dige=t+«d with plasmin for
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 monoclonal

antibody

with fibrinogen that has been digested with plasmin for

about four hours is no greater than the reactivity of

‘the monoclonal antibody with fibrinogen at time zero.
The MH1 antibody has been further characterized by

determining its affinity for fibrin.
determined by Scatchard analysis (Frankel et al.,

The affinity was

Molecular

Immunoloqgy, 16, 101-106(1979)) using 125I-labelled MH1

antibody.
Ky was 6.7 x 10730 .
that of the affinity of t-PA for fibrin.

It has also been determined by Western

The value obtained for the dissociation constant
Such affinity is about 5,000 times

Immunoblotting analysis that the MH1 antibody does not
crossreact with the Aa, B 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 fibrinogen.

(Thrombin treatment

of fibrinogen results in the release of fibrinopeptide A and




54- The subject invention is not intended to be limted in_scope to the
hybri domas deposited but they are intended as a single il; u&hﬁa%+@ﬁwﬁﬁ
hybri domas that produced a fibrin- specific nonoclonal antilbody and a”
fibrinogen-specific nonoclonal antibody, as defined hereipn.:Any cel

that is functionally equivalent is within the scope of thg >uﬁject BT
I nvention. By the term"functionally equivalent” it is nmeant__that.an i
anti body is capable of conpeting with the MH1 anti body orj 45J antij bod
binding to the epitope of fibrin tc4®ich the 11H1L anti boty-bi-hds.or-t

_Ilna

<
.

epi tope of fibrinogen to which the 45J anti body bi nds, resgéctively. I
addition, such termincludes fibrin-specific nonoclonal antibodies and
fibrinogen-specific nmonoclonal antibodies, as defined herein, that bind to

ant ?E'ofjﬁp d'”oeﬁeep'\:u{é W 4 Hd Gk ' VB P REK 4R, NdS and the 451

respect;vely, therefore forming the o« chain and g chain of
fibrin.)

TABLE 7

Crossreactivity of MH1 Antibody
with Fibrinogen Degradation Products

Plasmin Digestion Time

(mins) A405 nm/32 min

MiH1 453
0 0.15 1.037
10 0.10 " nm
20 0.11 1.02
40 ' 0.11 . 0.410
60 0.10 0.330
240 0.09 0.300
TABLE 8

Crossreactivity of MH1 Antibody
with Fibrin Degradation Products

Plasmin Digestion Time

(hours) 2405 nm/30 min




respectively. 5.7. I'N VIVO DI AGNOSTI C AND THERAPEUTI C USES FOR
FI BRI N- SPECI FI C MONOCLONAL ANTI BODIES 5.7.1. CLOT/ VASCULAR
LOCALI ZATI ON The fi brin-specific nonoclonal antibodies of ; tiig-
are capable of targeting fibrin clots or aggregation of fibfin
They can, therefore, be used in humans for |ocalization o
or vascul ar damage and for nonitoring of vascul ar dlseasq . i
speci fic nonoclonal antibody is par#s@slarly preferred fof this use because
such nmonocl onal antibody will not bind to fibrinogen, fibfin degradation
products and fibrinogen degradation products, thereby reducing background,
which permts one to nore precisely localize the fibrin clot or aggregation
of fibrin. For this_application, it is preferable to use purified

monocl onal antibodi 8s. Preferably, purificlt®8® may be acconptiéfed by HPLGC
met hods. Purificatign of nonocl onal 0.354 1.0

VERT i BHEET
fviver™
pogst bi*en g

192

i

AT b

5 0.310 . 0.77

In addition, as the results in Table 7 indicate,
the control antibody, 45J antibody, binds to fibrinogen and
does not crossreact with fibrinogen degradation products.
Accordingly, such a monoclonal antibody is a fibrinogen-
specific monoclonal antibody and represents another aspect of
the subject invention. The fibrinogen-specific monoclonal
antibody can be utilized in any immunoassay that can be
utilized to determine plasma fibrinogen levels in vitro. The
453 antibody has been further characterized in that it has
been determined that the 45J epitope is on the Az 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 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 antibedy with fibrinogen
that has been digested with plasmin for about 40 minutes is
less than about 50% of the reactivity of the monoclonal
antibody with fibrinogen at time zero.

The 453 hybridoma was made by conventional
techniques utilizing a conventional Balb/c mouse wherein the
mouse was 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 CLOTS

It has been demonstrated by ELISA that the antibody

MH1 crossreacts with not only crosslinked fibrin (XLFn) but

also noncrosslinked fibrin (NONXLFn). The ELISA was
performed as follows: '




anti bodi es for

amoni um sul fate or sodium sulfate precipitation followed by
against saline and filtration sterilization. Alternativel
chr omat ogr aphy techni ques may be used to purify the nnnoqlmnal
The purified nonocl onal antibodies can be labelled with

conpoynds, for exanple err]l, [err]odgy-[err] I, [err]nic, [lerr]

human adm nistration nmay al so be acconplished

“ant i bodi€s

T

adi oadét Ve 5 g
3

ln, _and_j

adm nistered to a patient intravenously. The anti body al 4
with a magnetic probe. NVR can then be utilized to pinpoitat

o can be | abelled;
the clot. Aften

| ocal i zation of the antibodies at the clot or fibrin aggregation they can

be detected by em ssion tonographical

and radi onucl ear scanni ng techni ques
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encapsul a{;¢¢h 100ul of a fibrinogen solution (50ug/mL in borate

(pH8.5) 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 (10NIH units/ml) in Tris buffered saline (TBS, pH
7.4, SOmM Tris HCl1l, 150mM NaCl), containing 2mM Cac.'l.2 and
i10mM cysteine.

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 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
phosphatase substrate and the resultant colorimetric reaction
monitored at 405SnM 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 noncrosslinked
"£ibrin. The simplest explanation being that the covalent
crosslinking present in the crosslinked polymeric structure
serves to lock or freeze tlie 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 (50mM, pH7.4)
saline, containing CaCIz.(ZmH) and cysteine (10mM)) with
thrombin (1O0NIH 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.l1) containing EDTA
to a final concentration of 0.0125M with a thrombin solution



tunor. By way of illustration, the purified nonoclonal anti-body is
suspended in an appropriate carrier, e.g., saline, wth orit?k
al bumin, at an appropriate dosage and is adninistered tojappati.
noncl onal antibodies are preferably adm nistered intravepously, e. ;
conti nuous intravenous infusion over several hours. 5.7.2.1 TREATMENTST |
VASCULAR DI SEASES W TH MONOCLONAL ANTI BODY CONJUGATES TQG‘ﬁBﬂocLonaL i
anti bodies of this invention can be used in conjunctionwth a broad rangq
of pharmaceutical agents such as cyti?xic reagents and tThrombelytic
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 nonoclonal antibodies of the subject invention pernmt a
very efficient_use of such [eagents because none qé t he, reagent will be ¢
55t by bi kEPREH CeREERARE AT F THOYRF A 1T o AS AT LR 1B o

clots, they were washed and incubated at 37°C with 400ul of a

1% BSA solution containing 12510dine-1abelled MH1 antibody.

Small aliquots of solution were removed at different time

points and the amount of antibody uptake was determined by

counting the plasma in a gamma counter.

Table 10 shows the uptake of antibody by both the

noncrosslinked and crosslinked clots.




degradati on products. For various reviews on the subject, sgefBaiei
1980, Cancer Research, 40:2965-297; Chose and Blair, 1978,

Inst., 61(3):657-676; Gregoriadis, 1977, Nature, 265:4(7 i

-Gregoriadis, 1980 Pharmac. Ther., 10:103-108; and Troust at ah'§ 1980““7
Recent Results Cancer Res., 75:229-235. The nethods used fori_bindi ng thesé

agents to the nonoclonal antibody nol ecul e can invol ve ei fther non-coval ent

or coval ent |inkages. Since non-cowfi3ent bonds are nore |ikely to he broken

before the anti body conpl ex reaches the target site, coval ent |inkages are
preferred. For instance, a carbodiimde bond can be forned between the

- carboxy groups of the pharmaceutical agent and the am no groups of the

anti body nol ecule. Bifunctional agents such as dial dehydes or im doesters.
can be used to link the am no group of a drug Tt

TABLE 9
Crossreactivity of MH1 Antibody with Crosslinked and
Noncrosslinked Fibrin

411

Antibody Crosslinked Noncrossl inked
Concentration Fibrin Fibrin
(ng./ml.) (Absorbance at 405 nanometers)
100.000 0.764 0.409
50.000 0.460 0.319
25.000 0.305 0.154
12.500 0.174 0.074
6.250 0.069 " 0.000
TABLE 10

Crossreactivity of MH1 Antibody with Crosslinked
and Noncrosslinked Fibrin Clots

Fibrin Clot $ Uptake of labelled Antibody After B8 Hours
Crosslinked 79%
Nongrosslinked : 76%

5.6. DEPOSIT OF HYBRIDOMA

MH1 and 457 were deposited in the American Type
Culture Collection (ATCC) on June 9, 1988 and given accession
number HB 9739 and HB 9740, respectively. The ATCC is
located at 12301 Parklawn Drive, Rockville, MD. 20852. MH1
antibody is an 1gG, antibody with a kappa light chain and it
has been observed that the MH1l antibody crossreacts with not
only human f£ibrin but also rabbit fibrin.




to am no groups of the antibody nolecule. The Schiff base rBéﬁt&f
used to link drugs to anti body nol ecul es. This net hod invqlv -
periodate oxidation of a drug or cytotoxic agent that contai cal.
-hydroxy group, thus formng an al dehyde which is then r eadt gd With th&d

antibody nol ecule. Attachnent occurs via formation of a S¢ hi‘ffFbase-—wi-t-h

am no groups of the antibody nolecule. Additionally, drug$ with reactive
sul fhydryl groups have been coupl ed54® anti body nol ecul es.” ™ We—Crai#t

A method for the production of a nonoclonal antibody to an antigen

conprising: (a) 1inmunizing a antigen-free animal with said antigen to

permt anti body-producing cells to produce antibodies to said antigen,

The subject invention is not intended to be limited 1
in scope to the hybridomas deposited but they are intended as
a single illustration of hybridomas that produced a fibrin-
specific monoclonal antibody and a fibrinogen-specitic
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 f£ibrin
to which the IMH1l 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-specific monocleonal antibodies, as
defined herein, that bind to an epitope different from that

which the MH1 antibody binds and the 457 antibedy binds,
respectively.

- ma

5.7. 1IN VIVO DIAGNOSTIC AND THERAPEUTIC USES
FOR_FIBRIN~SPECIFIC MONOCLONAL ANTIBODIES

5.7.1. CLOT ASCULAR DISEASE ILOCALIZATION

The fibrin-specific monoclonal antibodies of this
invention are capable of targeting fibrin clots or
aggregation of f£ibrin in vivo. 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, f£ibrin degradation products and fibrinogen
degradation products, thereby reducing background, which

" permits one to moré precisely localize the fibrin clot or
aggregation of fibrin. _

For this applic&tion, it is preferable to use
purified monoclonal antibodies. Preferably, purification may
be accomplished by HPILC methods. Purification of monoclonal
antibodies for human administration may alsoc be accomplished




(b) renoving at |least a portion of said antibody-producin
antigen-free animal, (c) formng a hybridoma by fusing on
ant i body- produci ng cells with an inmortalizing cell wherei $a|d“ﬁybr|do ]
i_s capabl e of producing a monocl onal antibody to said anti gen, (@)”’“‘”'7

propagating said hybridoma, and (e) harvesting the nonocl opal

produced by said hybridoma; with the proviso that said nongclonal aﬁf]body
is selected fromthe group con5|st|nﬁgof an 1gG anti body apd_an_|gM.

anti body. 2. The method of claim 1 wherein said imunizing step is carried

out by injecting said antigen-free animal with said antigen. 3. The
nmet hod of claim 1 wherein said

by ammonium sulfate or sodium sulfate precipitation followed.
by dialysis against saline and filtration sterilization.
Alternatively, immunocaffinity chromatography techniques may

~ be used to purify the monoclonal antibodies.

The purified monoclonal antibodies can be labelled

with radioactive compounds, for example 123 I, 125 I, 131 I,
9gm'rc, 11 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.

1%;?3'; AL %[ I%n %ﬁ‘iﬁj
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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 to a patient. The monclonal
antibodies are preferably administered intravenously, e.g.,
by continuous intravenous infusion over several hours.

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 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 reagent will be lost by binding
to fibrinogen, fibrin degradation products or fibrinogen

degradation products. 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;




antigen-free animal is selected fromthe group consistingj “““““*‘Z%”

rat, a pig, a guinea pig, poultry, a goat, a sheep, a pri;“ Yo AT b
4. The method of claim3 wherein said antlgen free anindl }i s a nouse. 5i
.The nmethod of claim4 wherein said nouse is a Balb/C nousé. | 78 SgR-¥67 |
In a nmethod for inmunoassay to determ ne the presence of fant i gen i
conprising contacting said antigen with an anti body, the |nprovenent
conprising enploying for said antibody an antibody derived. from an

ot g

antigen-free animl. 7. The met he®é~or i munoassay of claim6 wherein
said anti body is a nonocl onal anti body.

Gregoriadis, 1977, Nature, 265:407-411; Gregoriadis, 1980
Pharmac. Theyr., 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-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 amino groups of the
“antiﬁgdy 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 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. Additionally,

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



8. The method for imunoassay of claim®6 wherein said antjbody.is-a

pol ycl onal antibody in serum 9. The nethod of claim?7 or} &z NS SHEET
antigen-free aninal "is sel’'ected fromthe group consisting o gggggﬁggg;amlug

rat, a pig, ' g ultry, a goat, a sheep, a pri ejand, g,rabhit.i
10. The mt'jﬁﬂiﬁmmm(mﬁerei n said antigen-free animl }s a?rﬁ)usé‘?1 R
The net hod L in said no8de-is a Bal b/ C nouse} 12.--.se-of—a-

monocl onal anti body derived froman antigen-free aninmal in the manufacture

of a conposition for localizing an antigen in vivo. 13. The use of clai mt2—
wherein said antigen-free animal is selected fromthe group consisting of a
nouse, a rawWe Ll@igw: a guinea pig, poultry, a goat, a sheep, a primate and

a rabbit. 1. A method for the production of a monoclonal

‘.

antibody to an antigen comprising: ot

(a) immunizing a antigen-free 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
antigen-free animal,

(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

(e) harvesting the monoclonal antibodies -
produced by said hybridoma; with the proviso
that said monoclonal antibody is selected
from the group consisting of an IgG antibody
and an IgM antibody.

2. . The method of claim 1 wherein said
immunizing step is carried out by injecting said
antigen-free animal with said antigen.

3. The method of claim 1 wherein said
antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pig,

poultry, a goat, a sheep, a primate and a rabbit.

4. The method of claim 3 wherein said
antigen-free animal is a mouse.

5. The method of claim 4 wherein said mouse is
a Balb/C mouse.




- 59 - 14. The use of claim 13 wherein said antigen-free-ani-mBl—is—a--FRHSE;
15. The use of claim 14 mherf"ﬁ ' ay 2 Bal b/ C nﬁqﬁﬁiﬁ@ﬂﬁﬁﬂ%éﬂ&ETa
monocl onal antibody derived mﬁﬂ"jmﬂm’mnr ee ani mal | npthe—ranut-actyr e
of a medication for treating & sbbject® i ¥ need of therapy. |17 , Thenusg; of
claim 16 wherein said antigen-free animal is selected fr mit Ke* gricap=’

consisting of a nouse, a rat, a pig. ggguinea pig, poultiy, &
sheep, a primate and a rabbit. 18. The use of claim 17

antigen-free aninmal is a nouse. 19. The use of claim18
I's a Bal b/ C nouse.

6.

L - e
a—goat;

erein said

In an immunoassay to determine the presence
of an antigen comprising contacting said antigen with
an antibody, the improvement comprising employing for

said antibody an antibody derived from an antigen-free
animal.

7. The
antibody is a

immunoassay of claim 6 wherein said

monoclonal antibody.

8. The immunoassay of claim 6 wherein said

antibody is a polyclonal antibody in

9. The method of claim 7 or 8

antigen-free animal is selected from

serumn.

wherein said
the group

consisting of a mouse, a rat, a pig, a guinea pig,
poultry, a goat, a sheep, a primate and a rabbit.

10. The method of claim 9 wherein said
antigen-free animal is a mouse.

11. The method of claim 10 wherein said mouse is
a Balb/C mouse.

12. In a method for localizing an antigen in

vivo comprising administering a monoclonal antibody
with a suitable carrier to a human and detecting
localization of said monoclonal antibody, the
improvement comprising employing for said monoclonal
antibody a monoclonal antibody derived from an
antigen—-free animal.

13. The method of claim 12 wherein said

antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pig,
poultry, a goat, a sheep, a primate and a rabbit.
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14. The method of claim 13 wherein said
antigen-free animal is a mouse.

15. The method of claim 14 wherein said mouse is
a Balb/C mouse.

16. In a method for utilizing a monoclonal
antibody therapeutically comprising administering to a
human in need of therapy said monoclonal antibody, the
improvement comprising employing for said monoclonal
antibody a monoclonal antibody derlved from an
antigen-free animal.

17. The method of claim 16 wherein said
antigen-free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pig,
poultry, a goat, a sheep, a primate and a. rabbit.

18. The method of claim 17 wherein said
antigen-free animal is a mouse.

19. The method of claim 18 wherein said mouse is
a Balb/C mouse.
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METHOD FOR THE PRODUCTION OF MONOCLONAL ANTIBODIES UTILIZING
A GERMFREE ANIMAL

_ ABSTRACT

The subject invention relates to a method for the
production of monoclonal antibodies. The methoé utilizes an
immunized germfree animal. The invention also provides a
method 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. '
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6. In a method for immunocassay to determine the
presence of an antigen comprising contacting said antigen
with an antibody, the improvement comprising employing for
said antibody an antibody derived from an antigen-free

animal.

7. The method for immunocassay of claim 6 wherein

said antibody is a monoclonal antibody.

8. The method for immuncassay of claim 6 wherein

said antibody is a polyclonal antibody in serum.

9. The method of claim 7 or 8 wherein said
antigen—free animal is selected from the group
consisting of a mouse, a rat, a pig, a guinea pigqg,

poultry, a goat, a sheep, a primate and a rabbit.

10. The method of claim 9 wherein said
antigen-free animel! is a mouse.

11.  The method of claim 10 wherein said mouse is
a Balb/C mouse.

12. Use of a monoclonal antibody derived from an
antigen-free animal in the manufacture of a composition for

localizing an antigen in vivo.

13. The use of claim 12 wherein said antigen-free
animal is selected from the group consisting of a mouse, a
rat, a pig, a guinea pig, poultry, a goat, a sheep, a

primate and a rabbit.
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14. The use of claim 13 wherein said antigen-free

animal is a mouse.

15. The use of claim 14 wherein said mouse is a

Balb/C mouse.

1l6. Use of a monoclonal antibody derived from an
antigen-free animal in the manufacture of a medication for

treating a subject in need of therapy.

17. The use of claim 16 wherein said antigen-free
animal is selected from the group consisting of a mouse, a
rat, a pig, a guinea pig, poultry, a goat, a sheep, a

primate and a rabbit.

18. The use of claim 17 wherein said antigen-free

animal is a mouse.

19. The use of claim 18 wherein said mouse is a

Balb/C mouse.



