
~o $9112690 PCTIUS89/0254S 

'5 

10 

15 

-I-
t· 

METH01' FOR TH! PROOOC'?lON Of MONOCLONAL 
ANTIBODIES UTILIZING A t-~E ANIMAL 

1. FI!.U> OF THE tWmfTtON 

The •~ject invention relate• a method for the 
~roduction of monoclonal antibodiea. Th• method uti~izes an 
immunized fermfr•• animal. The inv•ntion aiao provides a 
methCd for t.h• u•e ot •ucb monoclonal antitiodies, anct 
polyclonal ant~~odi•• d•rivad from ah ia:muniz•d germ.tr•• 
animal, tor !!l ~tiro and !!! !!!! clinical dia;no•tic• and 
therapt1utics. Alao, 1:.h• 11.1.bject invention provid•• a 
fibrin-•pecitic monoclonal antibody. 

2. BACKGROUND OF TKt xNVENT:roN 
Kehler and Milstein are 9tinerally ereditad with 

• < 
having d.eviaed th• tecbniqu•• that llucc•••iully reeu.lted in 
the formation of th• f ir•t monoclonal antibody-producing 
hyb~idoma1 (G. Xobler and c. Mil•tein, 1975, Nature 256, 
495-497; 1976, Eur. J. 1 Immunol. 6, 511•519)~ By fusin; 
anti~cdy-fcrmin9 cells (aplaan B•lyephoeyt.s) with myeloma 
cells (malignant c•lls cf bone marrow pr~ry tW!lors) they 
.~reated a hybrid cell line, arisinq from a single fused cell 

20 hybrid (called a hybridcma or clone). The· hybridoma had 
inheri~e4 certain Charactari•tics of beth th• lymphoc:ytes and 
th• myeloma call .lin•s. Li.Jc• the lymphoc~es, the hybridoma 
secreted a •ingl• type or i11111W11:19lobulin: •oreover, lik• the 
myeloma calla, th• hybridoaa ha4 the potential for indefinite 

·25 cell division. 'l'h• combination ct tb••• two features offered 
distinct adva.ntaCJ•• over convantional anti.era. 

Anti••ra 4•rived from vac~inated animal• are 
variable aixeur•• of polyclonal antibOdi•• which never can be 
reproduced identically. Monoclonal antibOdies are hi~hly 

30 specific immunoqlobulins of a ain9le ~ypa. Th• single type 
of i111mun09lobulins·secre~ed by a hybridoma is specific to one 
and only on• antigenic determinant, or epiiope, on th• 
anti;en, a complex molecule having a multi~licity of 
anti9enie determinants. For instance, if the an~iqen is a 

35 protein, an anti9enic deter111inant may be onli of the·many 
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peptide ••quence1 (9enerally 6-7 amino acids in len~: M.z. 
Atassi, 1980, Molec. Cell. Biocham. 32, 21•43) within the 
entire protein •olecule. Hence, acnoclonal antibodies raised 
aqainst a •in9le antiqen may be di1tinct from •ach other 
depending on tb• dateZ21inant that induced their formationi 

5 but for any given hybridoma, all ot th• antibo4i•• it 
produce• are identical. Furthermore, th• hybri4oma cell line 
i• aaaily propagated J:!! vitro or !n ~, and yield• 
monoclonal antibodies in •~ly bi9h concentration. 

A monoclonal antibody can b• utilized •• a probe to 
10 detect it1 .antigen. Thus, monoclonal antibodi•• have been 

used in in vitro diaqno1tic1, for example, radioimmunoa•says 
and enzyme-linked immunoa•••Y• (ELISA), and in!!! !.!!2 
d~agno~tics, •·9· in ~ imaginq with a radiolabel•d 

·monoclonal antibody. Al10, a monoclonal anti~ody can be 
15 utiliz•d •• a v•hicl• for clrUg delivery to auch antiaodies' 

antigen. 
How~ver, before a monoclonal an~ibody can b• 

utilized for.such purpo1e, it i• ~·••ntial that 1:h• 
monoclonal antibody be capable of binding to th• anti9en of 

20 interest; i.e., the tarv•t anti9en. Thia procedure ia 
carried out by acreening th• hyoridoma• that are formed to 
4eter.min• which hybridomas, if any, produce a monoclonal 
antibody t:hat i• ca~l• of ~indin9 to th• tar;•~ anti9en. 
This scr••ni~~ procedure can btl very tedious in tha~ 

25 nwaroua, for·· tiXUpl•, perhaps aeveral thou~and, monoclonal 
antibodies uy have to b• •c:ra•n•d before a hybridoma tbat 
prodlicita an antibody that ia capable of bindima th• tarvet 
antigen 1• identified. AccordiDCJly, th•~• i• tb• need for a 
method for the production of monoclonal ant:lbodie• that 

30 incraasaa th• likelihood that th• hybridama will produce an 
antibody to th• t•rv•t antigen. 

3 • StJMMM.Y OF THE INVENTION 

Th• aubjact invention provide• a method tor the 
35 ~reduction of monoclonal anti~odies to an antiqen comprisini: 

---·-·-·-------

SUBSTlTUTE SHEET 



WO 89/12690 PCT/US89/02S45 

5 

-3-

(a) immunizin9.a 9ermfree animal with said antigen 
to permit antibody-producing cells to produce antibcdi•• tc 
said antiqan, 

Cb) removinq at leaat a portion af aaid 
antibody-producing cell• from said qermfr•• animal, 

(c) formin9 a bybridoma by fuainq on• of aaid 
antibody-producinq cell• with an immcrtalii!nq ~ell Wherein 
•aid hybridoaa i• capable of producing a monoclonal antibody 
to •aid anti9en, 

(4) propaqatinq said hybridama, and 
10 (•) harvesting the monoclonal antibodi•• produced 

by said hybridoma. 
The •Ul:>ject invention also provides methods for 

utilizing a aono=lonal antibody or a polyclonal antiboCy 
derived froa a ;ermfr•• animal. Th• aUbj•ct inven~ion also 

15 provides a fibrin-specific monoclonal antibody and sethods 
for utilizin9 such a monoclonal antibody. 

4 • DETAILED DESCR.tP'l'ION or THE INVENTION 
4.1. TH!: GERMFREE ANIMAL 

20 The au.bjact invention relates to the use cf a 
9armfree animal for th• production of monoclonal an~ibodies. 
Ge:mfr•• animals were first developed in the-latter part of 
the 19th century and hav• been utilized extensively since 
such time. 

25 A CJev.in.fr- animal i• a CJDCtobiot• that is tree t:rozn 
all dmnonstrabl• •••ociated forms of life, including 
bacteria, virumea, fungi, protozoa, and o~ar aaprophytic or 
parasitic fo~. A CJDOtobiot• i• an animal or •train derived 
by aseptic eaaar•an ••c:tion or sterile batehift9 of •g;a that 

30 is reare~ and. continuoualy main:tained with 9ermtr•• 
t•chniquea under isolator conditions an4 in which th• 

composition of any aasociated fauna and flora, if present, is 
fully detinad·by accepted currant methcdoloqy. (It should be 
no~a~ 1:hat all mic• carry a latent leukemo;enic virus and, 

31S 
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therefore, • mouse 'that would be 9•rmtree but for •uch 
leukemoc;enic vi~• llhall be con•id~r•d a qermtr•• animal fer 
the·purpo•e of the •ubjeet invention.) 

Th• •••enc• ot a 9armfre• ayatem ia 1:.h• provision 
of barri•r• a;ainat ~· entry of unwan~•d microbial invaders. 

6 In addition to th• phy•ical barrier• ot pla•tic, ••tal,· 
nll:lbar an4 gla•• which enclo•• th• animal•, 'the •Y•tn 
r•"1ir•• tb• operational barri•r• of air filtration, food and 
vater ateril.ization, unipulation by 91ov .. , vbiCb torm an 
int.eqral part of the barrier •Y•tUL. Alaa, U&e u~ry of 

10 suppli•• to t.h• i1olatar ahould be perfoZ'lled und•r •terile 
conditions. 

It is beli•v•4 that any germ.tr•• animal can ~· 
utiliz~d in the aubjaC:t: invention. 'l'h• aoat comJDon germfree 
animals are mouae, pi;, rat, rabbit, quinea pig, 9oat, sheep, 

15 primat• and poultry with a •ousa being preferred, especially 
a _Balb/C: moue. 

20 

4 • 2. PRODUCTION, CUI!: AND MAINTENANCE 
OF GEIMFRIE ANIMALS 

There have been numeroua publications concerniri9 
the production, car• and maintenance ot 9ermtr•• animala. 
For example, Wostmann, B. s. .• Ed. , Gnotobiot .. : Standards and 
Guidelines tor the Br.eadin;, care and Management ot 
Laboratory Animals, National Research Council, National . . 

25 Academy of Sci~ncaa, waahin;tan, D.c. 19,~; coat••, M.E., e~ 

al., Th• Qermfr•• AniJlal in Research, Acadaic Pr•••, London, 
196&: and Pl•••anta, 3.R., Gnotabiotica, in Handbook of 
Laboratory Animal Science, Vol._, 1, M•~, E.C., et al., 
Eds., CRC Pr•••, Boca Raton; Fla., 117, (1974) the disclosure 

, 30 of which i• incorporated herein by referace. 
What tollov• i• a •mmury derived from th• article 

Wostmann, a.s. ed., (1970) Gnotobiot•• Standards and 
Guidelines for th• Breadin9, care and Mana9emant ct 
taborat.ory·Animal,s, National Research council, National 

35 Academy ot Sciences, Wa•hinqton, D.C. deacribinq the 
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production, care and maintenance of germfree rat• and mice. 
It should be not-4 that auch production, care and maintenance 
is similar for ether anillala. 

ROOM ENVIRONM!RT 
S Th• tacilitiea, equipment, and hu•ban4ry proc:e4ures 

•hall be deaign•4 and operated •o aa to afford maxi&WD 
environmental control and cptillal comfort and welfare for the 
ania&l•. Th• cagea, feeders and vater•ns aball be •o 
dasiqn•d and fabricated a• 1:0 afford aaximua coafor:t for the 

10 animals, to make t.b• food and wa~er readily available, and tc 

make cleaning and •t•rilization practicaJ:)l• and efficient. 
A d~airabl• floor plan for exten•ive qermfree work 

should conais~ of: 
1.· a work area for •••emblin; and sterilizing the 

15 isolators, 
2. an area tor maintaininq th• iaolatora with 

animal&, and .. 
3. a laboratory area for the routine monitorin; cf 

the gnoto~iotic environment. 
20 An off ic• and di•t-preparation area may be 

incorpora~ed in th• floor plan. 
Th• room environment for maintainin9 gnotabiotie 

isolators should ... ~ th• atandards ••~li•h•d for housing 
conventional laboratory rodents. Th• struc~ur• •hould be 

25 insect-proof, .~d th• wall• and floor should be moiature­
proot. Liqhtinci ahould be uniform, with th• ••• ligbt-dar>c 
cycle throughout th• year. Ventilation •hauld rapidly remove 
any fume• cauaad ~ chaical st•rili:r.ation, and th• climate 
should be controlled •• speciti•d below. 

30 Temperature.· Th• c;en•rally accepted aniul . room 

35 

temperature cf 21·-21·cc10·-ao·F> may need to bta adju•t•d 
do11tn~•rd to k••P th• ieolator temperature between 22· and 
2&•c (72• and 78.F). 
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Humidity. The relative humidity (RH) should btl 
kept at the huan comfort level ot.40-60 percant.. However, 
vhan ~oom air i• uae4 to ventilate the isolator, 40-50 

p.rcent RH ia re~omaiend&d. 
vantilation. 'l'h• rooa•air cha~·· abculd be 

5 •utticient to remove rapidly any tum•• ;enaratad during 
cheaical aterili~atian. Tan to titteen air chan.9•• per hour 
are reeammendad. K•ad aaak8 with trellh•air ventilation 
ahould be avail&bl• to protect. peraonne1 axpo••d to dan9erous 
level• of chaiCi.\l tum••· 

10 GERHFREE EQUIPM!NT (S•• Sacquiet, E. 11&8, 
Equipm~nt d••itn and manaqement: General technique ot 
ma1ntainin9 qara-tr•• animals, p. 1-22 In K.E. Coates (ed]. 
the qermfr•• animal in r••earch. Academic Pru•, London: 

·Trexler, P.c. 1968. Equipment d••iqn_ and management: 
15 Tranaport ot qezm-tr•• animal• and current development• in 

equipment desi;n, p. 2l-35 In M.E. Coates [•d]. The germtrae 
animal in research. Academic Presa, London) 

ccmplet• excluaicn of environmental microbes 
requires an &baolute barrier. The succeaatul operation of 

20 -~e isolator depend• on the maintenance of that barrier at 
all times. Tl]•r• ar• two 9eneral typ•• of isolator• 
available, ma~al and plastic. Some aatal unit• are built tc 
Withstand internal steam pressure of 20 P•i (1,406q/c:m2). 
(See Reyni•r•, J.A. 1959. Deaiqn and operation of apparatus 

2& for r•arinq form-tr•• aniaals. Ann. N.Y. ACad. Sci. 7B:4?; 
Miyakawa, H. 1159. Th• Miyakawa remot•-control gel'llfr•• 
rearin9 unit. Ann. H.Y. Acad. Sci. 78:37). Other. are 
g•nerally placac.\ ~ a large aut~lave for initial 
sterilization (S .. Gu•tafsaon, B.Z. 1959. Lightwaiqht 

30 stainl••• at••l ayatama tor raarin9 gera-tr•• animals. Ann. 
N.Y. Acad. Sci; 78:17.). 

Th• flex1~1••film iaolator (S•• Trexler, P.c., and 
L.I. ·Reynold•· 1957. Flexible film apparatus for the rearinq 
and use of 9erafree animals. Appl. Microbial. 5:406) is now 

35 the most widely used unit. It is usually made cf flexi~le 
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laminated vinyl, must b• chemically st,rilized, and is 
readily adap~ed to •pecific needs. Another type, made from a 
larqe tUbe of nylon, tied at eac:h end, can be sterilized in 
an aueoclave. (See Lav, M. 1962. An autoclavabl• plastic 
unit tor rearing animal• under qerafr•• conditions. J. Appl. 

5 ·sacteriol 25:30), Plaxigla•• i•olatora and 4i•PC•abl• 
flexible-film unit• al•o have been davaloJ)9d. Many of these 
are li9ht enouqh tc be •tacked tvo or three hiqh on a rack, a 
feature that conserves floor apace. 

' A special cylinder for •t•rilizin9 food and 
10 supplies is 9anerallj used wit!\ th• h••~·••naitive iaolators. 

It ahould be de•i;ned with a lar;e filtration area to 
facilitet~ air removal in a high-vacuwa autoclave (See 
T~exler, P.C. 1963. An i•olator •Y•ttllD for control of 
·eontamina~ion. Lab. Ani~. care. 13:512). Alternatively, the 

15 cylinder may ba fitted with a drain tube vented to the 
atmosph•re for removal ot'air and condensation durinq 
sterilization wi~out tba benefit of a vacuum. (S•• ·Jaworski, 
N.E., and C.E. Miller. 19&l. Refinement ct the cylinder 
technique for aupplyin9 9ar11tr•• iacla~crs. Lab. Anim. care. 

20 ll:S91). 

STERILIZATION 
All equipment, food, bedding, wa~er, and air uaed 

in tli• isolator auat be aJ:tsolutely sterile. The methods and 
25 conditions employed are determined by c:haracteristi~a of the 

individual items. 
S'tan under praaaura ia th• best-Jcnovn method ot 

•~•rilization. t~ i• particularly auita))le fer porous it•=s 
that are heat-stal:ll•. IV•ry area that can :onceivabl• harbor 

30 mi~robes must be brought into direct contact with ataam. 
Expo•ure time ia r•l•~•d to th• temp•rature uaed. It is 
recommended tha't th• least accessible portion of th• load 
(the center of the packa9ea) be exposed for a minimum period 
of 15 minutes at 121•c (250•F). Higher temperatures and 

3S shorter exposure pariOds may be us•d after careful testing to 
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ensure aterility. Standard package aize and density cf diet, 
beddini, and oth•r materials are Of primary importance to 
assure that th• •team penetration ti•• will ba constant and 
pradietable. 

Dey heat baa been uaed tor aterilization ct tb• air 
S supply for the i•olator (S•• MiyaJcava, K. 1959. The Miyakawa 

reaot•-control 9e2:'2Rfraa rearing unit. Ann. H.Y. Ac:ad. Sci. 
78:3?: cua~afa•on, 8.E. 19!9. Li;htwai9ht •tainl••• •t••l 
•Y•t::as tor raarin; gera-tn• aniul•· Ann. H.Y. Acad. sci. 
78:17) .. 

to Paracetic acid (CH3COOOH) i• vidaly uaed on heat-
••nai tive, non-poroua aat•rials, especially th• flexible-film 
unit&. Thi• acid i• used in a 2 percent aolution with a 
vettinq aqent (date:rqant) (S•• Trexler, P.c., and L.I. 
Reynold•. 1957. Flexible film apparatu1 for tbe rearin9 and 

15 uae o~ germ.fr•• animal•. Appl. Mic:obiol. 5:406). Other 
chemicals can be u••d for •p•cial aituation., e.g., 
hypoehloritas, icdophora, or quarternary ammonium cQmpounds 
in·the liquid trap to in~roduca newborn• obtain•d ~y 
hysterec:tcmy, or H9c12 to introduce •99• under ateril• 

20 conditions prier to hatching. 
Ethylene oxide (ZTO) may be uattd to aterilize 

nonwettabl• beat•aenaitiv• iteaa. sterilization time.is 
dependent en the temperat~•. humidity, pr•••u.r•, and 
concentration of rro. ETO aay react chemically with baddin; 

25 and dietary ee11ponen~ to pr04UCe toxic or unda•irabla 
compounds. Beeau•• of it• flnmability_and toxic bazards, 
routine u1e of E'1'0 tor •t•rilization •hould be restrict•d to 
the co1D1Dercially avail~l• 9a• mixtures, which contain not 
11or• than 20 p•rc•nt ftO. 

30 Fiberqla•• filters ara commonly u••d for 

35 

sterilization cf th• air supply. They ahould fUnc:ticn as 
absolute filters. 
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kmsmrane filtration of liquids can ba used to avoid 
exposure to baat, provided th••• a.mbrane1 are absolute 
fil~arc, for example, & filter that excludes particles 
9rea~er than 0.22 •icromatara in diameter. 

Irradiation by gamma raya or •l•ctron-baam sources 
s Goy be used to •t•riliz• di•t• or other special item&. 

Doso9•• employed vary frca 2.s to & X 10' rads. 

INT!RNU.. INVIROHMEN'T 
Temperature. Th• int•rn•l i•olat~r t911Peratur• is 

10 a function of th• room anvironaent and ahould be maintained 
between 22" and 26"C (72• - 7&•F). 

Humidity. Th• iaolator i• subject to ~ond•n•a~ion 
of moiature in ca••• of overloadinq, inadequate ventilation, 
or ~o'th. Air •n~erinq the i•olator ahould be below 50 

15 percent RH and preferably above 40 percent u. 
Air Supply. The i•olator Should have 12 to 20 air 

chan9es per bour and a positive preasur• ot l-5 in. (B-13 cm) 
of wa~er. Air may ~e •upplied from a central aource er from 
individual ~lover• tor each unit. A turbine•type air 

20 compr•••or is recommended for a central air supply system 
~•cause the oil piston type tends to atomize oil into the 
air-supply lin••· 

An air diffusion isolator CS•• Trexler, P.c. 1968. 
'··· Equipment d••i.9" and una9aant: Tranapcrt of 9erm-free 

25 animal• and cvrren.t clevalopmanta in equipment deai;n, p. 23• 
35 In K.E. Coate• C•dJ. Tb• gemtre• anilla1 in r•••areh. 
Academic Prea•, Lendon) ia not •ubject ~o loss ot ven~ilation 
in tl\e •vent of power failure. However, thi1 typa bas the 
disadvanta9a of f awer air cb&ftfl•• per bour and lacks th• 

30 protective po•itiv• pressure that could help prev911t 
contamination abould ... 11 b~•llk• oc~ in th• barrier. 

Emergency Safeguards. Adequate provisions for the 
maintanance of air pres•ure within th• isolator in the event 
of power failure or mechanical failure must b• provided with 

35 net more than a few minutes' interruption in th• air supply. 
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Ccllapae ot unsupported fil• i•olator• may eventually result 
in autfocation of the aniaals, but the more iDl11ladiate danger 
is that the animal• may be ebl• to reach and damaqe film or 
gloves. Thi• may be prevented temporarily by plu99in9 air 
conclui~• with rubber •toppen. Tb• operation of inc1ivid.ual 

5 isolator air aupplie• require• only an emergency power 
aupply. A central air •Y•tea •hould have a ••cond turbine 
compr•••or for •~and})y air •upply. 

craphic record.inf ot th• temperature and prea•ure 
is r•comaended •. An audiovi•ual alara aystn •bould btr 

10 incorporatad 1n a central air ayat .. to be actuated by a drop 
in lin• pr•••ure in th• ev911t of either lo•• ot power or 
mechanical failqre. Similar alarm mystea. should indicate 
undesirable fluctuation• in th• temperature ot th• air 
aupply. For individual i•olator air •Y•tama, continuous 

15 qraphic monitorin; of th• room anvironm•nt 1a recommended. 

~GING AND INTERIOR '!QotPMEHT 
Equipmen~. A baaic li•t o: equipment for an 

isolator may include caq•• with ••Cur• lida, water bottles 
20 and tood hopp•ra, protactiV• cloth 9love• for the rubl:.ier 

gloves, an extra door 9a•k•t or cap clo•inq rinq, lonq 
rubber-tipped fcrcepa, h .. oat.ata, •ciaaor•, a towel, ;auze 
sponges, a tvo-«1U&rt can for holding instruments, a covered 
four-quart diet. can, •poon, culture tube•, paper bags, and 

25 moisture•r .. i•t:ant ba9• !or dirty addin9. 
Ca9u abould b9 f &bricated cf a amooth corrosion.;. 

r••i•tant material. 'they •hould be ~rviou• to liquids and 

eaaily ster1liaed.. Mat:ariala canaider•4 ac;ceptabl• include 
plastics, atainl••• ateel, and ;la••· Galvanized metal 

30 becomes corroded and i• not r•commended because ~race-metal 
contamination .. Y intlu.nce experimental results. 

cage di•an•ioftll are usually limited by th• sia• cf 
th• entry port. 'l'h• minillwn area tor a female mou•• and 
litter i• !O in. 2 (97ocm2). ln many circumstances more 

35 space per animal may·b• needed. 

-------------·-------
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Tattle 1 lists the recommended f lcor apace per 
animal for sice and rats according to wei;bt qroupinqa. 

TABLE 1 Amount cf Floor Space Recommended per Anim&l 
caged Mic• ancl Rat• 

tor 

5 Maxliu 
Category spac! per2Aniul Population 
Nwaber Weight Cg) in. (Cll l P•r cage 

Mli2 up t:o 10 6 ( 40) 40 
2 10 .. 15 8 ( 50) lO 

10 3 15 - 25 12 ( 75) 20 
4 over 2! 1! ( 95) 16 

RATS - up to !50 l 15 ( 95) 50 
2 50-100 17 (110) 50 
3 100•1!0 19 (125) 40 
4 150-200 23' (150) 40 ,s 5 200•300 29 (185) 30 
6 ever 300 40 (260) 25 

MISCELt.ANEOUS REC:OMMENDATlONS 
Freon tests tor minute leaks are recommended to 

20 .ensure the int1gri~y of the barrier system. 
Eaeh unit should be equ.ipped with its ow.n operation 

log to maintain • chronol09ical record of •very procedure 
involvin9 th• unit. from th• time it i• ••••ablad. and 
sterilized. such records are conveniently kept in metal 

25 hospital-chart.holder• identified by th• isolator number. 
They •hould also contain note• for routin• maintenance, e.q., 
glove replaemnent. Br•edin9•pertormanc• record• aay be kep~ 

in th• aam• cbart hold•r. 
Dae to th• limit•d apace available inside the 

30 iaolatara, paper and folding containers are recomaend•d tor 
diet.• and beclding, and for tba transport of animal• betvean 
isolat.ors linked by a sterile passage. 

35 
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No ether abculd be uaed inaide an isolator because 
it may explod• when •tatic aparka occur. P'luothane 
(br011ochlorotritluoroethane) i• recommended •• a volatile, 
nonflaJD11abl• anesthetic. 

5 DIETS, BEDDING ~ WA'l"Eil 
GENERAL RECOMKENDA'l'IORS 

The complete formula for commercially produca4 
-diet• •hculd be providad, li•ting all th• ingredient• and 
their concentration•, including preaerva~ivas, antioxidants, 

10 and other •d4itiona. Th• date of production ahould be 
clearly indicated. The manufacturer ahould guarantee that 
the diet ia: 

l. Within the normal acceptable limit• of 
naturally occurring hormone activity. 

15 2. Pree ct additives cont~inin; dru9s, hormones, 
anti~iotics, or any other •~•tanca tha~ may create abnormal 
pbysioloqical condition• or interfere vith inves~i9ative 
procedures. 

3. Fr•• ct •&lmanella on th• basis of 
20 statistically ••lected aampl••· 

4. Fr•• ot rod.•nt and vermin contamination. 
5. Fr•• af all unr•nd•r•d maat scraps or fish meal 

~at may contain pathogens. 

25 FORTIFICATION OF DIETS 
Dieta of t•rmfr•• animal• must contain more than 

normal re~iramenta af certain nutrient• to comp~ata tor 
t.b• beat••t•rilization lo•• of vitamin• <••pecially certain B 
vitamin• and vitamins A and D) and ot th• nytritiva value of 

30 protein (raduc:tion in available ly•ine, me~ionine, ar;inine 
and tryptophan). They must •l•o provide required nutrients, 
which in conventional animal• would be availa})le through 
microbial aynth••i• in th• 9astra1ntestinal tract (S•• Reddy, 
B.S., B.S. Wostmann, and J.R. Pleasants. 1968 Nutritionally 

35 adequate diets for g•l:'.m-free animals, p. 87-111.In M. E. 
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coate• [ed] •• ~• 9•rm-tr•• animal in research. Academic 
Preas, tondon). Ail example of auch a diet i• li-'B5, an 
inexpenaive diet that has been extensively tested (S•• 
K•llcqq, T.F., and a.s. Wost=ann. 1969. Rat and mou•• stock 
4iet Jr•as. i:,u,. Ania. Care.) and can be cmmDet-cially 

5 produced(••• Table 2). Sup~lementation with apecific llllino 
acid• rat:h•r than increaaed total protein content ahould be 

considered as a .. anti to compensate tor lo•• in protein 
quality. Incraaain; th• total protein content of tlaa diet 
will reault in a fjTaatar consumption and excretion of water, 

10 causing hWDid eon4itiona and 'therel:ly liai~ing tbe n\'lmber cf 
animals that can be bou•ed in an iaolacor of a qiven size. 

15 

20 

25 

30 

35 

TABLE 2 eompoaition ot Diet L-485. for Rat• and Mice 

Ingredient Amount per kg 

DIET 
Graund yellow corn (maize) 
Soybean oil meal (crude protein so percent) 
Alfalfa meal Cdehydra~•d: 17 percent protein) 
corn oil (once refined) 
NaCl 
CAHP04 2H20 
ca co 
Lysifte (feed vrade) 
Methionine (faed qrad•) 
S.H.T. (butylated hyclrcxyt.oluane) 
Trace mineral mix 

VITAMIN KtX 
A 
D Eta toc:opherol acetate) 
~l (unacUone) 
iubof lavin 
Pantothenic acid 
Niacin 
Choline chloride 
312 (0.1 percent tri~uration in mannitol) 
'l'zu.amin• HC1 
Pyridoxin• HC1 
fclic acid 
Para-aminobenzoic acid 

!590 q 
300 

35 
JO 
10 
10 

5 
5 
5 

0.125 
0.25 

26,ooo tu 
1,000 IU 

225 mg 
90 
30 

285 
65 

2,000 
2 

65 
20 
10 
50 

_;_ ________________ _ 
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TRACE MINERAL MIX (commercial 
KN a• aan9anou• oxide 
Fe a• zarr-oua carbonate 
cu a• copper oxides 
Zn a• zin.; oxi4• 
I a• calcium lod•t• 
co as cobalt carbonate 

65 mq 
20 

2 
15 
1.s 
0.6 

Steaa •t•rilization (Sea Reddy, B.S., B.S. 
woatmann, and. -'·•· Pluaanta. 1968 Nutritionally adequate 
diet• for 9era-rr•• animal•, p. 87•111 In M. I. coat•• [ad]. 
th• germ-free aniaal in reaeareh. Aeadaic Prua, tondon) 

10 Actual procadur•• will depend cm the equipment 
available. Thi'•• factor• are of 9enaral illportanoe: 

l. A pre-1terilization vacuum, whenever poaai»le, 
of et l•••t 20 in. H9 vill •••i•t steam penetration ot tb• 

diet in a clava or cylind•r vented to the atmoaphera. A 
15 vacuum of 28 in. HCJ er more ia recommanded when th• aupply 

cylinder is not vented to th• ataoaphera. 
2. uaa of th• abort.est •~•rilization ph••• that 

will ensure total sterility, with an added aafety mar;in 
dictated by eqi.iipm•nt and •kill. Temperatures measured at 

20 the inner core of th• diet should reach at least l21•C 

(250-F). At th•~ temperature tb• actual sterilization phase 
should laat a minimWD of 15 minutes. With bigher 
sterilization temperatures, sterilization times will be 

relatively aborter. 
25 3. A post••t•rilization vac:u\DI will speed the 

. 30 

red\lction of tapenture_of th• diet. 'l'his will avoid 
unnecesaary beat deatruction ot nutrient•. Bowevar, th• 

desi9n and performance of th• apparatus aust be adequate to 
avcid leaks during 1:.hi• sta9e of th• operation • 

In •team. •~•rilization ot di•~. the goal i• to 
avoid bath incompl•t• sterilization and unnecesaary 
nutritional daaage cau••d by excessively prolang•d heatinq. 
Although some nutrient lo•• ia unavoidable, quite acceptable 
results may b• obtained by manipulation of: 

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

SUBSTITUTE SHEET 

THIS SHEET HAS BEEN 
REPLACED 



·----------------------- ..... 

WO 89/12690 PCT/US89/0l545 

-15-

(a) Technical procedures auch aa temperature, ti~e 
pre•atarilization and poat•aterili~ation vacuum, and pellet 
size. 

(b) Th• wat•r content ct th• diet. An increa•• in 
water content leads to batter recovery ct 8 vitamin• after 

& aterili:ation (S•• Zimmerman, n.R., and s.s. Wo•taann. l96J. 
Vitamin ata.bili~y in di•t• atarilia•d ~or ge:r:m!r•• animals. 
:J. Hutr. 79:318). For aolid dieta,. • water content up to 25 
percent, or aa high a• prove• to be compatible with th• 

storaqe quality of the diet, i• recommended. A c:han9• in 
10 water content of the di•t •hould b• followed by a new test of 

the rate at which the diet reachea starilizinq taaperature. 
RADIATION STEllil.IZATION (S•• Raddy, a.s., B.S. Woatmann, and 
J~R. Pl•&•ants. 1968, Nutritionally adecauate diets for verm­
free aniaals, p. 11-111 In M.E. coat•• [ed). Tb• 9er11-rree 

15 animal in research. Academic Pr•••· London: Lay. F.J., 
J.Bleby, M.E. coatea, and J.s. Pataraon. 1169. Sterilization 
of laboratory animal diets u1inq 91U11Jta radiation. Lal'). Anim. 
3: 221) 

Technique• and dosimetry will depend en equipment 
20 and type cf ra4ia~ion. Although, in 9aneral, ra41aticn 

sterilization i• considered to result in less·d•struction of 
nutrients, it· ia at praaent racommend•4 that diet• be 
sterilized with steam. 

25 T!ST FOR STWJr.'T.'l'Y 
To monitor sterility achieved with any apecific 

sterilization pfoc•due, th• ua of Bacillus 
stearotheraophllua apore atripa i• recomaendad. ~h• •trips 
should be embedded in th• care of the diet. Also, th• 

30 isolator and its animal• 1bould be periodically 
microbiologic:allY monitored. such moni~oring is necessary to 
test for accidental contaminations resulting from breaks in 
tbe isolator barriers or frcm inadequate sterilization of ~he 
isolator or its conten~s. This c&l\ })e aeccmplished as 

35 described in Wostmann, B.S., Ed., Gnotobiotes: Standards and 
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Guidalin•• tor the lreedinq care and Manaqament of Laboratory 
Animals, National Research council, National Academy of 
scienc:aa, Washington, n.c., 1970, pp. 28-39. 

ESTIMATION OF HtlTR!EN'I' LOSS DURIHC STERILIZATION 
S All a usaful c:beck on th• lo•• o! vi~al nutrients, 

detaiiaination cf acid•extractabl•· thiaJDine as an in4icator of 
the recovery of thiamine acldad to th• diet 1• recommended 
(Sae wcstaann, s.s. and P.t.. Knight. 1160. ft• affect ot 
methyl alcobol on the conver•ion of thiamine to thioehrome. 

10 Experiant.ia l.6:500). A raccvery of le•• than 25 percent 
indicates ••v•r• impairment of qeneral nutritional quali~y of 
the diet. With adequate equipment and care, recoveries of so 

_percent or more ahould l)e achieved. 

15 STORAGE or SOLID DIET 

Becauae of th• qanarally hi;h ~o•t of ;ermtree 
experimentation, extra car• ahoul4 J:>a taken neve~ to uae diet 
that bas decreaaed significantly in nutritional value. lt is 
reco1m•nded that (a) nonaterilized diet alway• be stored 

20 ·under refrigeration, and never for longer than one month, and 
that (b) storage time of at•rilized 41•t inside th• isolator 
should b• one vaek or l••• and must never exceed ten days. 

BEDDING 
2S Becttl~u; sbould b~ changed at least once a veak. It 

ia recommended that bedding material b• easy to sterilise and 
not readily eaten by th• animals. It •hould not yield toxic 
compounda •• a r••ult ot 'the •terilization procedure. 
DU.sttr•• Whi~• pine cbipa (aawduat) an4 ahav1~9• ar. 

30 racommend•d. Basawood and poplar •bavint• or crushed corn 
coba are accep~le. Diatomaceoua·producta, cedar, raainous 
woods, and hardwood• ar• not recommended. Ethylene oxide 
sterilization •hould not be usad until th• question of 
possible formation of harmful compounds has bean clarified. 

35 
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WATER 
Drinking water must b• aterilized. It may be 

autoclaved in square pack flaaktl, Ma•on jara, or tanks 
attached to th• unit. A amall air space •hould ))e left 
in1id• aach contain•r. 

PRINCIPLES OF CllARDN Dg.IYATlON OF GNOTOBIOTES 
'l'b• aucc••• af any ceaarean operation is keyed in 

part to tuiving t.be pr9g'nancy advance to f\lll term. Thi• is 
particularly true of animal• with •hort 9eatation parioda, 

10 where th• fetus may gain 20 percent of it• weight in the 
final 24 hours before parturition. Tilled matinq• are 
reaaonably succ•••fUl, but with animal• yielding larqe 
litters (rat.a and mice) it may be h•lptul to wait for the 

. female to delivar th• first oftsprinq before proceedin; with 
15 the operation. In quinea pi9a, th• moat satiafectory method 

is to ••l•~t female• tor aurqary by meaauring th• spread of 
the p\Jl)ic bon•• (S•• Philip•, B.P., P.A. Wolfe, and. H.A. 
Gordon. 1959. Stud~•• on· rearing th• guinea piq germfree. 
Ann. H.Y. Acad. Sci. 78:113). 

20 Th• c••arean-deriv•d youn; auat ca d•liverad into a 
qermtrea environment before they take their first ~reath of 
air. They may be taken direct.ly from the ao'tbar by 
hyaterotomy, tl)rou;b an incised sta:il• barrier 1D91111rane into 
a steril• isolator, or by hysterectomy, thrcu9h a germicidal 

25 trap into a •~hP:il• .taolator. Tb• waual •urqical pz:aparation 
of th• female p~ior to the ceaarean operation inclUd•• 
.removal of al:Mlaainal bair and cleanin9 and 4i•infaction of 
the opara'tive aite. An••th•sia 1• accomplished 
preferentially by dislocation of tb• cervical vertebra• in 

30 rats and mice, althoufh an al)dominal midline loc:al anesthetic 
or 9anaral ane•~••i• may alao be uaad without inc:urrinq 
serious level• ot fatal depr•••ion and mortality. With 
quin•• pigs, •uzvary is venerally pertorm•d after prior 
sedatian an4 und•r local anesthesia. 

35 
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Delivery of tb• younq ~y hysterotomy throuqh a 
barri•r 11embrana requir•• apecial isolator equ.ipm•nt. The 
Reyniere •tainl•a•·•eeel aurvical unit (See Rayniera, J.A. 
1965. Garmtree life ••thcdol09f (qnotcbioti~•> and 
experiuntal nutrition. p. 458-456 In Proc. 3rd Int.arnat. 

5 congr. Biochem., Brwtell••> baa a built•in horizontal metal 
divider that ••parat•• t:h• upper and lover compartments of 
the unit. 'l'h• divider contain• a circular port covered with 
a mylar plaatic f il• to maintain th• in~ity of th• upper 
eompartaant. Th• female, prepared tor •urqary, i• placed in 

10 the lower compartment with the il.b<loaen pr••••d a9ainst t.h• 

mylar. All sur;ioal instrument• are in t.h• upper 
compartment, and th• survery i• performed in thi• sterile 
area. An incision is made ~rough the pla•tic and •kin with 
an •l•c:trocaute:ry or scalpel. The aelf-atarilizing 

15 el•ctrocautery blad• i• prat•rr•d for akin incision. The 
edge• of the skin and mylar are clam.Ped together and 
reflected. A ateril• drape is placed ov•r the a!xlo:nan to 
cover the cut ad;•• of th• akin, and wa:nn diainf•etant 
(benzalkonium chloride 1:1,000) is appli•d to th• exposed 

20 f11.aeia before openin; th• Gdominal cavity. Extreme caution 
must be exerciaed t.o avoid cuttin; into the bowel. 'l'h• 

insertion of a pair ot torcepa or baos~at..s betvaen the 
peritoneal wall and 't.be viscera may ba balptul. Th• uterus 
is then 01>9nad·and th• young re.moved. Th• fetal 111.mbranes 

25 are removed, and. th• Wll:'li1ical cord is clamped and cut. 'l'h• 
young are gen~ly dried and maasaged to stimulate respiration. 
Th•Y are i:han tran11terred to a rearing unit to l:le foatar• 
nurnd or hand•fed. Anotber •h••t ot mylar may be ••cured. 
over th• •ur;ical port uic! th• procedure repeated with as 

30 many as s or e ramal•• without ••riou• risk at contaa1na~ion. 
cesaraan delivery may also be ac=ompliah•d uaint a pla1tic 
isolator or ;love ba9 aa a surgical unit. Th• exterior 
surtace. of th• isolator floor is presterilized and ~rouqht 
into con~act vith the animal's abdomen, thus aervin9 th• same 

35 purpose as th• mylar sheet described above. Followinq the 
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0 perat1on the •lit in the pla•tic barrier can be closed vith 
sterile tape and th• aurqical procedure repeated on 
additional qravid females. 

·Delivery at th• youn; by hystarotomy·ia more common 
when pla•tic iaolatora are used (Se• Fo•t•r, H. 1959. A 

5 procedure for oJ:)tainin9 nuclaua stock tor a pathoqan-trae 
aniaal colony. Lal:>. Anim. care 9:135). Th• uterus i• 
aseptically expo••d and cl~ jut1t IU\tarior to th• c•rvix. 
Th• ueiaad utarua i• tr&n•f•rr•d into the CJerafr•• unit 
thrau9h a liquid 9ermicidal trap. Once inaid• tb• iaolatcr, 

10 the you.nq ar• cSelive:--ed •• rapi4ly aa poaa~l• to prevent 
aspiration ot fatal fluids. Normally they ara dri•d and 
br•athinq wall bator• t:he wtl:l11ical cord i• clamped and cut. 
The infant• are th•~ ;ivan tc the toat•r act.bar ar hand 
reared. 

15 

20 

Hyaterotomy may b• uaad aucceastully for mica, 
rats, and .wine. In quinaa pig•, however, hy•~•rDtomy is 
preferred, sine• a high mortality occur• if as much as t~o 
minutes elapses betw••n th• ••v•ranca from the maternal blogd 
supply and d•livery inside th• i1olator. 

BRZED?NC SYS'l'EMS IN GNOTOBIOT?C COLONIES 
D!BRED STRAINS 

Th• usual brother X •i•ter -.ting •Y•tam employed 
in conventional bree4inq colonies can also be usad in 

25 qnotobiotic caloni-. 

NOH%NaUD S'l'OCU 
TrU• rand011 breeding inclws.. •om• matings cf 

aiblin;• an4 of f irat couaina. Althou9b auch zatin;s are 
30 noZ"Jllally avoided in noninbred br••din~ colonies, th• 

resulting matinc, •Y•ta do•• no·t deer•••• th• rate of 
inbreedin9 tc th• maximum extent poasible. Any system of 
min·imal inbreeding can be U•ad. CS•• Falconer, D.C. 19ti1. 
Genetic aspects of breedinq methods. p. 12•96 In Th• UFAQ 

35 handbook on th• car• and mana9ement ct labora~ory animals, 
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3rd ad. E ands Livinggtone, LTd., London; National aeaearch 
council, Institut• ror z..baratory Animal R••ourc••· 1969. A 
;uide to genetic atandard• for labora~ory animals. National 
Academy of Science•, waahinton, D.C.). 

cogaral:>l• Conventional an4 Cnotobiotie colonies. 
S If it is desired to aaintain both conventian&l and 

gnotobiotic coloni•• for compara~ive pu:rpoaas, their similar 
genetic constitutions aay be maintained by in~roducing 

ceaarean•deriv•d litter• from th• affective breedint 
population of th• conventional colony into th• vnotobiotic 

10 colony. -?hi• appean to b• th• ••tllod of choice for t:hoae 
producers who place moat amphaai1 on th• production of 
non9no~obiotic· rats an4 mica but ha• th• diaadVantaga ot 
preventinq th• astablisbJaent cf a aicrobiolc9ical pedigree 
'that would aimplity.microbiologi~al aonitorin9. Ideally, 

15 this could b9 don• by u•in9 litter. from •pacitic matinqs as 
breeding stock f cr tb• conventional colony an4 usinq the next 
litter trom each ot th••• ma.tin;• aa br•edinq atock tor the 
qnctio~iotie colony. If thi• proeadur• is followed evary 
second or third generation, th• genetic constitutions of both 

20 colonies should remain vary similar, provided, of ccurae, 
that th• same mating •Y•~em ia uaa4 in ea~ colony. 

Alternatively, li~tars frca the aftactiva br••dinq 
population of 'th• 9notobictic colony may .,_ used tc ••tal.ilish 
or replenish th• conventional colony. Th• 9anetic 

2S eonsaqu•n~•• will be identical, provided th• aaa• procedures 
ar• follovacl. 

RECORD-KEEPING (S•• Wolff, G.L. 1967. Pra~ical 
mating •Y•t• .. and racord·k•eping in a braediDCJ colony. p. 

30 97•113 In the UFAW handbook on the care ancl manag ... nt ct 
laboratory animals, 3rd ad. E. ands Livingatone, Ltd., 
tondcn). 

Proper record• •hould be kept for the animals and 
for the maintenance ot the isolator. Th•· animal•' records 

35 should determine the •ff icieney ct th• ope.ration and the 
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biclcqical performance of th• aniDala. The isolator reco~ds 
should maintain a chronology of events r•latad to the 
i•olator to a••i•t in locating a breach of the barrier if 
contaminaticn occurs. 

4.3. THE ANT?CEN•FR!! ANIMAL 
ln a preferred embodim•n~ of tb• •u.bjact invention, 

1t i• prefarrad. that th• 9ermfrae animal be brad on a 
chuically d•tin•d. (CD), low molecular veipt, vat•r-•oluble, 
ultratilterad diet. It i• believed that •ucb a d.i•t p•rmita 

10 one to obtain complete control of nutrient. and antigen intake 
by th• animal. Sueh a diet ia 9anerally made up entirely of 
inqredi•nts that are capatll• ot chamical definition, e.9., 
amino aeida, •imple sugara, lipids, vitamin• and. minerals. 
For 1:.he purpo•• cf th• •Ul)ject invention a ehmnically detined 

15 diet compriaaa amino acids, 1imple •uqars, lipids, vitamins 
and mineral• and nc other component having a molecular wei9ht 
9reatar than about 10,000 daltons. Tbus, all of ·th• 
gomponents of a en diet are of low molecular vei;ht and are 
naturally circulating nutrients in animal• ~nd, therefore, it 

2D ·is believed that •uch components will not atimulata an immune 
response. The recent literatu~• refers to a 9ermrre• animal 
that has been bred on a CD diet•• an "anti9en-fr•• animal". 

Alac, it is preferred to utilize a filter paper 
bedding, oth•rwi•e th• 9arafree animal may eat th• beddin;, 

25 which ruult• 1u. an iaun• reapon••· It ia believed that the 
eating of a filter-paper bedding does not re•ult in An immun• 
r••ponae. 

The.particular en diet tor a ;iven •pecies would 
u•e such compontant• in proportion• and quantitie• •o as to 

30 fultill known nutritional requiraant• tor •ucb •P•Ci••· The 
composition and preparation of a preferred CD diet for 
q•rmtr•• mica i• aa follov1: 

3S 
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composition and preparation of 
eheaica!lY detine~diet L489!14!• 

PCTIUS89/0l545 

Amount 
(CJ2:'US/l00 
grau cf 
Inqredient) 

To 192 1111 xl11I-Q water at 70-c th• follovinv are added: 

10 

1& 

Leu~ine 
Phenylalanine 
I•oleuci.ne 
Methionine 
Tryptophan 
Valin• 
A•paragine 
~in1n• HCl 
Threonine 
Lysine HCl 
Histidine HCl 

1.9 
0.74 
l.OB 
l.06 
0.37 
1.23 
0.91 
o.s1 
0.1, 
1.77 
0.74 

Th• solution is coaled to 45-c and th• following added: 

20 

2& 

30 

Glyc:ine 
Proline 
serine 
Alanine 
Sodium glutamate 
~-tyroaine ethyl ester HCl 
Ferroua 91uconate 
Salts JSD 
Sodium S•lanite2 

Solution cooled to s-c and the following added: 

Calcima glyoerophosphate 
Kagn••iua vlyoeropbosphat• 
Calcium chloride 28 o 
SodiWD chloride - Pitasaium Iodide CKI> aix 

. · ~containin9 680 •9 ICI) 
Vitamin I m4x 111E5 
Vitamin 812 
Choline· chloride 
Pota•aium acetate 

To ioaml M11li•Q water a~ 10-c 

D-Dextroae. anhydrous was added 

. 35 Solutions cooled to s-c and coml:lined both fer · 
ultrafiltration. 
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0.59 
l.48 
l.33 
0.59 
3.40 
0.62 
o.os 
0.105 
0.074 

5.22 
l.4l 
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0.086 
0.086 
0.09 
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0.31 
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iccmposition·ot salt• lSD mixture qiv•n in table 3 
Added in addition to aodium selenate in Salt& 350 3composition of vitamin B •iXlllES aa atated in Tal>le 4 4Addad in addition to vitamin a-12 in vitlllin B mix lllES 

C••• EXAMPLE h•r•inbtllov) 

Such compo•ition i• fed to mice or rat• ad libitwa. _......., ......... -...,;.;;; 

Com29sition ot lipid •upplement LlDEK G9E6 

PUrif ied soy triqlyceride•1 
Re~inyl palmitate 
C!holeC4lCif arol 
2 IUlbo•alpha•tocopheral 

Amount per daily adult 
doae• (0.385111} 

0.339 
6.45&9 (11.7 I.U.) 
o.02aamq (1.15 I.U.) 
3.3mg 

2 ambo•alpba-tocopherol acatate 
15 Phylloquinone 

G.6mq 
72mg 

20 

•Lacatinq mice receive twice the normal adult dose. 
1eonsistinq of:. l2t palmitat• 

l.s• atearata 
24' oleat• 
S5t linolaate 
St linolenate 

For a detailed de•cription of CO diets ••e 
Pleasants, J.R., et al., 3. Nutr., 116, 1949-1964 (1986), 
Pleasan~s, 3.,.-~~ al., G•rmtr•• Research: Mic:rctlora control 

25 and It• Applicit,ion to th• Biomedical sciences, a.s. 
wostmann, Ed., p. 81, t.iaa, H•w. York (1985): Wostmann, s.s., 
et al., J. Nu~., 112, 552 (1982): and Pleasants, J.R., et 
al., J. Nutr., 100, •98 (1970), the diaclo1ures of Which are 
incorporated herein by reference. 

30 

4.4 PRODUCTION OF MONOCtDHAL ANTIBODY 
Th• ;ermfr•• animal 1• then utilized for the 

production cf ·monoclonal antibodies. Th• germ.free syst11m can 
~e ut;lized to produce a monoclonal antibody to any anti9en 

35 'that the animal in a nongenntree state could produce. An 

---------------;p~aced 
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8Xamplary li•t of antigens appears in u.s. Pat•nt 3,935,074. 
However, it is believed that i:he gar.mfr .. animal provides a 
mu=h enhanced illllun• responaa to tba anti;en. Thus, one can 
incr•••• th• likelihood of locatin9 a B•lymphocyta that 
produ~•• an antil)ody that 1• capable of bin4in9 to a •pecif ic 

5 epitope of th• ~nti9en. Thi• i• a aajor advantaqe of the 
subject invantion. tn addition, it; i• believed that the 
9ermtr•• •Y•tem i• parl:icular1y uaetul for generating a 
hi;hly •pe~if ic antibody for tho•• anti9an. vitb nw:aeroua 
apitope.a. 

10 Th• 9•J:'llfrea animal can be illmuniaecS by •tandard 
techniquas. However, it ia preferred that th• ;armtr•• 
animal be immunized at laa•t thr•• tiaaa vi~ at least a.bout 
th.r•• waaks between aach ilmauni2ation, followed by a 
prefuaion booatar. It i• believed that tbi• increa••d level 

15 of immunization may b• naeaaaary becauae it ha• bean ob••rved 
that after two immunization•, which i• customary, there arc 
still mostly ICJM ••c:retinq·B-lymphocyt•• rather than th• 

20 

preferr•d IqG ••cret1ng B•lympboc:yt••· 

4 • S. SOMATIC C!LtS 

Somatic cell• ot th• ;arm.fr•• animal havinq th• 
potential for producing antibody and, in particular B 
lymphocytes, are auit&bl• for fu•ion W1tb a B•cell myeloma 
line. Tho•• antil:aody-productng cell• that are in th• 

. 25 dividing pla~hlaat stag• fuse praferentially. somatic 
cell• can be cserived from th• lymph nodea, spleens anct 
peripharal blood of primed 9enfne aniaala, and the 
lymphatic call• of choice depend to a large extent on their 
empirical uaefuln••• in tb• particular fu•ion syatea. 

30 However, somatic call• derived from th• •plean are generally 
preferred. One:• priaed or hyperimlunizd, 9ermfr•• animal• 
can be used •• a aourc:e of antibody-produein9 lymphocytes. 
Mou•• 1)'1Dphocytes qive a higher parc:enta9• of stable tu•ions . . 
with the mouse myeloma lines described hereinbalow. However, 

35 th• use of antibody-producing Cella from other qermrree 
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animal• i• al•o poasi~le. 'l'he choice of a particular 
9ermfree animal depend• on th• Choice cf antigen, for it is 
·essential that th• germ.free aniaal have a B•lympbocyta in its 
repertoire cf 8-lymphocyt•• that can produce an antibody to 
such antigen. 

4.6. IMMORTALIZING CEU.S 
Specialised myelaaa cell line• have bean developed 

from lyaphoc:yte tumor• tor u•• in hybridoaa•prOducin; fusion 
procedure• (C. •ohler and c. Kil•t•in, 1916, Bur. J. lmmunol. 

ta 6:511-519: M. Schulman et al., 1978, Nature 276:2&9•270). 
The cell lines have been developed for at least 'thr•• 
reasons. Th• first reaaon i• to facilitate th• selection of 
fused myeloma calla. Uaually, thi• ia acce11pliahed by u1in; 
myelomas with enzyme deficienci•• that render tham incapable 

t!i of growing in certain aalactiv• media tha~ aupport tb• growth 
of hy~r!domas~ '?he aecond reason ari••• from th• inheren~ 

a~ility of lymphocy1:e tumor cell• to produce their own 
antibodies. Th• purpose of uain9 monoclonal techniques i& to 
o~t~in immortal fuaed hybrid call lines tha~ produce 'the 

20 desired single specific antibody 9•netically directed by the 
somatic cell component of the hybridoma. To eliminate th• 

production of tumor cell antibodi•• by th• hybridomas, 
myeloma call line• incapable of producing li;ht or heavy 
immuno9lobulin chain• or tho•• def iciant in antibady 

26 eecretion mec:haniau are used. A third raa•on for •election 
of th••• cell lin•• ia tb•ir suitability and efficiancy for 
fusion. 

several lDY•lama cell lines can be uaed for th• 

produc~ion of fuaad ce11·bybricts, including HS-1, X6l•Ag8, 

30 NIS-A94/1, MPC11••5.6TG1.7, X&3•A98.653, Sp2/0•Aqtl4, FO, and 
Sl94/5XX0.au.1., ·a11 d•riv•d from mica, and 210-.RCY3.A91.2.J 
derived tr011 rata. (G • .J. Haaarlingo, u. Kammerlin; and J.7. 
Xearnly, •ds., 1911, Monoclonal antibodies and hy~ridoma• In 
J.L. TUrk, ecla. Research Hcno9rapha in Immunology, Vol. 3, 

35 Elsevier/North Holland Biomedical Press, New York). 

-------
Thi~ Sheet Has B~n Replaced 

IBlllWllll 



W089/12690 PCT /US89/02S45 

4.7. FUSION 
Methocla for generating hybrid• of antibody• 

producing aplaan or lymph nod• cell• and immortalizing cells 
gen•rally coapri•• mixing aoaatic cell• with ilaloztalizin9 
cells·in a proportion which c:an vary fram about 20:1 to about 

5 1:1 in the pr••ence of an aqent er a;ents (chemical, viral er 
electrical) tba~ promote th• fusion of cell membranes. It is 
often pr•f •rr•4 tb&t th• aaae •pecia• of animal ••rv• •• the 
aource of th• •cm&tie and immortalizing call• uaa4 in 'the 
fusion procedure. Fuaion method• have been descrit.d by 

10 Kohler and Milstein (1175, Nature 256:495•491~ 1975, EUr. J. -
lmunol. 6:.!511•519), by Getter at al. (1977, somatic cell 
Genet. 3:231•23&) and by Roz~or et al., 1983, Immunoloqy 
Today, 4, 72. Th• fusion•promotint aqenta u•ed by tho•e 
·1nvesti9•tara wer• Sendai virus ancS polyethylene glycol 

15 (PEG), reapectivaly. 

20 

One can alao Qtilize the racen~ly developed IBV­
transformation technique (Col• et al., 1985, Moncclonal 
Antibodies and cancer Therapy, Alan R. Lias, Inc., pp. 77-
96) • 

4.8. ISOLA'l'ION OF CLONES AND ANTIBODY QETECTION 
Fu•ion procedure• usually produca viable hy~rida at 

very low freczuency, about l x io-6 to l x io-8• B•~uae of 
the lov frequency of obtainin; viable hybrids, it i• 

25 essential to b~ve a .. ans to a•l•ct fused call hybrids from 
the reaainin9 unfuaed. cell1, particularly th• untu••d myeloma 
cells. A ••an. of detac:tinq ~· desired antib0dy-producin9 
hybridoma• aaong tb• other result~nq fused cell hybrid• is 
alsc nec:u•ary. 

30 Generally, the fuaed cells are cultured in 
sele~ive media, for instance HAT medium, which contains 
bypoxanthin•, aaincptarin and thymidine. HAT medium permits 
the proliferation of hybrid calla and pravents growth of 
unfused myeloma call• which normally would continue to divide 

35 indefinitely. Aminoptarin blocks ~ ~ purine and 

--------~------.--~ 
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pyrimidine synthasia by inhibitin; th• production of 
tetr&hydrofolate. The addition of thyaidine bypaaa•• the 
block in pyrimidine •yntheail, while hypoxanthine is included 
in the aedia ao 'that inhi~i~•d cell• can aynth••iz• purine 
uaing the nucleotide •alvaqe pathway. The myeloma cell• 

S employed are mutant• lacking hypoxanthina pho1phoriboayl 
tran•farase (HPRT) and thU• cannot utilize tha aalvage 
pathway. !n 'th• aw:viv1NJ. hybrid, the B lymphocyte supplies 
9anetic information for production ot thi• enzyme. Sine• B 
lymphocyte• tb•aa•lv•• have a limit•d lit• apan in culture 

10 (approximately two weeta), the only cell• Which can 
proliferate in HAT media are hybrid• for11ed from myeloma and 
spleen cells. 

To facilitate •cr•ening of antibody aecr•ted by the 
·hybrid• and to prevent individual hybricla from o\rariJrowin9 

·1s cthars, th• mixture cf fusad myeloma and a-lymphocytes iSJ 
diluted in HAT medium and cultured in multiple wells of 
microtiter plates. In two ~o three weeks, when hybrid clones 
become visible microscopically, th• supernatant fluid of the 
individual wells ccntaininq hy~rid clon•• ia aaaayed for 

20 specific·anti~ody production. 

25 

The aa•ay must be aensitive, •impl• and rDpid. 
Assay techniques include radioimmunoassays, enzyme 
im.munoassays, c:ytotoxicity a•aaya, and plaque a&aays. 

, 
4 • 9 • ''f:);.1. PROPAGATION AND ANTIBODY PRODUCTION . . 
. one• th• d••ired fused cell hybrids have been 

selected and cloned into individual antibody-producing cell 
lines, each cell lin• can be propaqated in either of two 
standard waya. A sample of th• bybridoma can be injected 

30 into a histoc:ompatibl• animal of th• type that va• uaad to 
provide th• somatic and •Y•loma calla for th• ori;inal 
fuaion. Th• injected ani11al develop• tumor• 1ecretin9 the 
specific monoclonai antibody produced by ~· fused call 
hybrid. Th• body fluid• cf the animal, S\Jc:h aa serum or 

35 aseites fluid, can be tapped to provide monoclonal antibodies 
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in high concentration. Alternatively, th• individual cell 
lin•• can be propagated in vitro in la1'oratory cultur• 
ve•••l•. The culture medium, containing hiqh concentrmticns 
of a ainqle •pee1fic aonoclonal antil:tcdy, can be harve•ted ~Y 
decantation, filtration or centrifugation. 

4.10. USE 07 THI MONOCLONAL AH'l'IBODY 
The monoclonal ant.ibodi•• made by th• ll•thocl of the 

•Ubject invention can be utilized in any tacbnit;U• Jcnown or 
to be devalopad in th• future that utilises a aonoclonal 

10 antibOdy. 

A major uae of aonoclonal anti~o41•• i• in an 
immunoaasay, whieh 1• the ••••ur-...nt of t:.h• antigen-antibody 
interaction. Such a•••Y• are generally beteroqenaou• or 
homoqeneou&. In a homogeneous iaunoaasay tb• imUnolo;ical 

16 reaction usually involve• the &pacific antibody, a labeled 
analyte, and th• •ample ot intaraat. Th• aignal ariain; from 
the label i• modified, directly or indirectly, upcn the 
bindinq of th• antibody to th• labeled analyte. Both th• 

immunoloqical r•aetion and detection ot th• extent thereof 
20 are carried out in a homogeneous solution. 1msunocb91lical 

labels which may be employed include fr•• radicals, 
fluorescent dyes, enzymes, bat:teriopbaqes, coenzymea, and so 

forth. '?ha maj~r.advanta.9• of a homogeneous iaunoaaaay is 
that th• spec+tic antibody need not be aeparated from the 

25 labeled analyt•~ 

In a h~terogeneous i.maun~•Ay, ~· rea;ent• are 
usually 1:h• aptaeiaen, th• apacitic anti.body, and mean• for 
producing a d•t•ctabl• ~ignal. Th• specimen ia qenarally 
placed on a •upport, •uch a1 a plat• or a •~id•, and 

30 contacted with 1:h• antibody in a liquid phase. Tb• •upport 
is tban separated from the liquid pbasa and either th• 

support phase or the liquid phase ia examined tor a 
detectable aiqnal amplcyin9 mean• for producing such aiqnal. 
The signal is related to th• presence of th• analyt• in the 

35 specimen. Means for producing a detectable •ignal include 

SUBSTITUTE 8He&T 



WO 89/1269() PCT/US8910254S 

-29-

the u•e of radioactive label•, tluoreacers, enzyme•, and so 
forth. Exemplary ot heterogeneoua iuunoeaaay1 are the 
radioimmunoaaay, im:munotluaroeac91\C• methods, enzyme•linkad 
immunoaaaaya, and th• like. 

For a more d•tail•d di•cu••ion of the above 
5 imiaunoa•••Y tac:hniquea, ••• •Enzyma-I:mmunoaaaay,• ~y Edvard 

T. Ha9vio, t;:ac Pr•••• Inc., Boca Raton, Fla., 1180. See 
also, for example, u.s. Pat. Noa. 3,690,834r 3,791,932; 
3,817,837: 3,850,578: 3,853,987; 3,867,!171 3,I01,654J 
3,935,074; 3,984,533; 3,99&,345: and 4,0tl,875, which li1tinq 

10 i• not in~andad to be exhau1tiva. 
Another major u•• of monoclonal antibadi•• are l.!!= 

~ ima;ing and therapeutics. Th• monoclonal an~ibodies can 
b• labelled vith radioactive cCSDpounda, tor instance, 
radioactive iodine, and administered to a patient 

15 intrav•nously. Th• anti~ody can also be labelled with a 
maqnetic probe. NMR can then be utilized to pinpoint the 
antiqen. After lccal1zation of 1:.he ant11'odi•• at the 
anti9en, th• antiq•n can b• detected by emiaaion 
tomoqraphical and radionuclear scanninq techniques, thereby 

20 pinpoin~inq the location of tha ant19en. 
By way of illu•traticn, tha purified monoclonal 

antibody ia auspendad in an appropriate carrier, a.9., 
aaline, with or witiiout human albumin, at an appropriate 
doaaqa and is adzlliniatared intravanoualy, a.9., by continuous 

25 intraveno~• infusion ov•r eaveral bours, aa in Miller et al. 
!!l Hybridomas in cancer Diagno•i• and 'l'herapy (1982), 
in=orporated b•r•in by refaranea. 

Th• monoclonal anti~odiaa of •Ul'lject invention can 
b• used therapeutically. Antibodi .. with th• propar 

30 biolcvical properties are useful directly •• tb•rapautic 
agents. Alternatively, tb• antibodies can be bound to a 
toxin to term an i.aunotoxin or to a radioac~ive material or 
druq to. tor:m a radiopharmaceutieal or pharmaceutical. 

35 

ed 
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Method• for producing immunctoxins and radiophar11acauticals 

of antil:>odiea ar• ~ell-tnovn <•••, for example, cancer 
Treatment Re29rt1 (1984) 68:317-328). 

It al•o .1• baliev•d that polyclonal antibodi•• 
derived from • 9ermfr•• aniaal al•o can O. utilized in 

5 imaunoa•••Y• and provide an impreved reault •• compar•d to 
polyclonal antibodies d•riv•d from a convantional animal. 
Polyclonal antibOdi•• d•rived from a 9ermfr•• animal can ~· 
made by utilizing a gar.mfr•• aniaal, •• deacril)ed 
hereinabova, and 11m1uni1aticn t•chniqu•a, •• described 

10 hereina~ove, followed by aaparatin9 th• polyclanal antibodiaa 
from ~· animal by conventional technique•, ••Cif • by 

1eparatin; th• ••rum from the animal. 

ts 
5. A FtBRIN-SPICIFIC MONoctDNAL ANTIBODY 

5.1. IACKGROt7ND 
Th• hemoatatic mechanism ia a complex 

physioloqical response mechanism involved in r•pairing 
dama;a to a ruptured blood v••••l. Hemoata•is is achieved 
through the co-operativ• interactions among th• wall of the 

20 dmnaqad blood v••••l, th• platelata and 'th• coa;ulativa 
system. Th• role of th• coagulation ayatu i• to provide an 
extensive f il:lrin natvork to •tabiliZ• and anc:bor th• 

platelet plu9 Wbicb baa been a••embl•d on 'th• at.abandothelial 
stru~ur• of 'the cSama9ad v••••l. 'fh• formation ot the 

25 insoluble fibrin aatrix from circulating t~rinogen is the 
result of • complex ••quence of reaction• c:ulminatinq in the 
explo•iva·praduction of 1:hrombin at the required •ite. 
Coagula~ion ia an .. plification procaaa involvin9 a chain of 
enzymatic reaction• in Which pranzya•• (clottin9 factors) 

30 are activated ••qu•ntia11y to active enzymaa. There are a 
number ot physiological ••cbaniama controlling th• tibrin 
polymerization proc••• involved in thrombu• formation. 
These include th• thr.:.mmin inhi~i~or antit.hrombin III 

35 
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(ATIII), prot•in C, proatacyclin an4 various components of 
th• f il:>rinclytic sy•tem auch aa tis•u• plasmin~en activator 
(t-PA) and ita fast acting inhi~itor (PAI). 

The bc:imeo1ta1i• hypothe1i• proposed by Astrup in 
1956 Astnp, T., Blood. 11, '781-806 (1956) •tat•• than an 

5 equilibr1um exi•t• between fibrin formation (coa911lat1on) 
ana fibrin d1•aolution '<fibrinoly11a). Xn the normal or 
healthy state these function• are evenly balanced. However, . 
when the hemoatatic procea1 i1 impaire4, coagulation and 
f ibrinoly•i• are patholotically expre•••d •• throm.ba•1• and 

10 hemorrhage, r~1pectively. The clinical manife1tations of 
pathological thrmn!)osi1 er thrombotic 4i1eaae are extremely 
diverse ana incluae 4iasemin&ted intravaacular COa9'1lat1on 
(DIC), deep vein thrombosis (DV'l'l, arterial and venous 
thrcm.bo11a. Thromboemboliam and thrombotic complications of 

15 other vascular d11ea1e (e9. atherosclero1i1) can result in 
occlusion of major arteries leading to organ i•ehemia and 
the attendant life•threaten1n9 condition• •ucb a1 
cerebrovascular accident (stroke), myocardial infarction, 
etc. 

20 Th• ~ibrinolytic process involvea th• conversion 
of an inactive zym~en, plasminogen, to the proteolytic 
enz)'lle, plasain, through ~· action of a9ent• known as 
pla•mino9en activators. Th• molecular machanLam of 
physicl09ical fibrinolysi• i• not fully underatood, but it 

25 ia known that during fibrin formation pl••min09en binds to 
fibrin wber• it can be activated by pla•minogen activators, 
•·CJ• t-PA. In thi• manner plaain generation procHd• 

Within th• thrOmbu• vhare 1~ i• protect•: trom inactivation 
by the main pby110109ical inhibitor of pla•min, alpha2-

30 antiplaamin. 
Upon exposure to plaamin, fibrino;en an4 f 1brin 

ere broken down to their degradation products. Fibrin09en 
breaks down into fragment• X and Y, ancl upon further 
expo•ure to plasmin, fragments D and E. Fibrin breaks down 
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to tra;ment• x, Y, D and E from non-eros1linked fibrin and 
cros1lin.ked D·dimer, D·D/E complex, Y dimer, Y-D-dimer and X 
cligomer from croaalinked fibrin. 

A.s••Y• for mark•r• of thrombotic disorder• have 
been conducted until quite recently uain9 pclyclonal 

· 5 antibodie• in both radioial&Du.no••••Y• and latex a9glutinat1cn 
type asaaya. Theae aaaay1 bave been demonatrated to be 
extremely unreliable by Gaffney (Gaffney, P.J., Ann. N.Y. 
Acad ... Sci., 408, 407·423 ( 1983). More 1pecific and 
1enaitive immunoaasay1 <auch ... EtISAal uaing monoclonal 

10 antibodie• are becoming ccmmon practice in clin1cal 
laboratories. Tbe limiting factor in the1e diagnostic 
aaaays is the 1pecificity and affinity af the ~articular 
monoclonal antibocly employed. Tb• generation of highly 
•peeific antibodies to any of th• potential indicator• of 

15 impaired hemoatas11 is hampered by both 1~ level• ct 

indicators and the antigenic ralatedne1a of the particular 
marker with its preeuraor, which i1 normally pre1ent-at much 
higher levels in plasma. Example• are the formation of 
complexes between enzymes and their inhibitors e9. 

20 throm.bin-antithrombin III, plasmin-alpha2-antiplasmin, t· 
PA•PAt-1. The number of new antigenic sites generated by 
such complex formation 11 extremely •mall and makes the 
production of immunological probes (such as monoclonal 
antibodies) difficult. 

25 Like~~••, th• major problem •••ociat~ with the 
acquisition of a monoclonal antibody to ftbrin ha• been the 
structural and conformational aimilariti•• between fibrin 
and it• physiol09ical precur1or fibr1n09en. It has been 
estimated that th• conaervat1on of covalent •tructure when 

30 tibrinogen i• converted to fibrin 11 greater that 98• (Plow, 
E.F., et al., Semin. Thromb. Haemostas, 8, 36 (1982) and, 
therefore, only a •mall percentage of th• epitopes on the 
fibrin molecule are 1n fact neoa.ntigens <ana unique to 
fibrin). Many of the approaches which have be•n adopted to 

35 
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acquire fibrin antibodies have concentrated on iauauni:ing 
animals vith •oluble fibrin fragment• and •rnthetic peptides 
which mimic expoaed neoantigenic cites on fibrin. See Hui, 
x.Y., et al., Science 22, 1129-32 (1983), Scheetera-Bcrchel, 
v., et al., Proc. Natl. Acad. Sci USA, s~,7091-95(19.85), 

S Elma, M.J., et al., Thromb. Haemostas, SO, 591-94 (1913, and 
Kurdryk, B., et al., Mol. ?mnul., 21, 89-94 (1984). 
However, it i• believed that the binding •ite of •uch 
antibodies 11 con•erved during the f ibr1n 4ttcJra4ation 
proces1 and. therefore, •uch antibodies also can bind to 

10 fibrin degradation products. 
The subject invention permit• one ta take a 

completely different approach and utilize• the intact f ib~in 

antigen in conjunction with the enhanced immunol091cal 
sensitivity of the antigen free (AP') animal to produce a 

15 fibrin-specific monoclonal antibody. Por th• purpo•e of the 
subject invention, a f ibrin-•peeif 1c monoclonal antilx>c.\y 
btn~s to fibrin and not to fibrin09en, th• fibr1nogen 
degradation pro4ucts or the fibrin degradation p~oducts, 

20 S.2. MATERIALS AND ME'l'HODS 
S.2.1. ANIMALS 

Germfree BALB/c:An!I mice were obtained from the 
germfree (GF) colony maintained at the University of 
Wisconsin. The animal• were transported to our facility 

25 \U\de:r: GF cand1tions. The Antigen-Free (AF) colony wa• 
initiated by moving pregnant GF mice fed a natural 
ingredient diet L-485 (See Pleasants, J.P., et al., J.Hutr. 
116, 1949-1964 (1986)) to an AF iaolator vhere the mice 
were immediately truuaferred to the cheaically defined (CD) 

30 AF diet. Their offspring, which had never directly 
contacted a Natural Ingr•dient (NI) diet, were weaned from 
maternal milk to CJ) diet and were designated the first AF 
generation. The AF mice were mated in pairs until the 
female was noticeably preqnant; then the male was removed to 

35 
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ensure that the felbale would thereafter receive her full 
daily li~1d 1upplement. Yount were weaned at 24 day1 of 
age. 

5.2.2. HOUSING 
S AF breeaera were hou•e4 in pair• in one half of a 

•tand&rd pglycarbonate aouse ca9e 28x1'7.8x12.'1cm. The 
bottom had ~ cut out and replaced vith a fal•e bottom of 
mesh •tainl••• steel. A longitudinal divider of aheet 
•tainleaa steel wu bolted ta the ends of tile ·pla•tic cage, 

10 projecting enou9h above and beyond the cage to hold in place 
a lid of atainlea• wire. Thia reeesaea 114, which_noraally 
fits inside a ca9e, waa inverted ta provide more adequate 
heac room above the fal•e bottom. Stainl••• ateel collars 
of appropriate size were wel4•4 to the top cf th• lid to 

15 hold 60m.t. d1et bottles. Four atainle11 steel cupa were 
welded to tbe aides of the longitudinal 4ivider at the ends, 
halfway between the fal•e bottom ~4 the top. (A picture of 
the c:ages appears in Plea•ant1, J.a., The germfree system 
for aging and ilmllunity In: CRC Handbook of Immunology in 

20 Aging, (Kay, M.M. s.s. Makinodan, T., eda.), p~. 257-297, 
CRC Preas, Boca Raton, Fl. (1981). Th• 4tet bottle• were cf 
brown glass. Both diet and vater bottles ha4 plastic lids 
with holes drilled in their centers. The bottles we~• 
!illec! and inverte4 in their coilars. The l~pid supplement 

25 was meas~ed d&ily into the atainlesa steel cups. A plastic 
par_i was placed 'Linder each cage to receive wastes. 

The filter paper which ••rved both as bedding and 
as ingestible fiber was Wh&tman aahleaa filter paper No. 41, 
purchased•• clipping• (Sargent Welch). For bedding the 

30 paper was cut into atripa. oncut aquarea of the paper were 
used for cleanup inside the iaolator. The paper vaa 
autoclaved for 25 min at 121'C, or waa irradiated (t.5 Mrnd) 

3S 
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in plastic baga. All mice received enough paper to cove~ 
one end of the cage. It wa• replaced when it became wet, 
yellow or dirty. 

The ca9e1 were maintained inaide a 1.37x0.6x0.6M 
flexible i1olator of the Trexler tY,. ·(Trexler, P.C., Lab. 

S Anim. care, 13, 572-581 (1963)}, uaing standard ;notobiotic 
technology C•ee Wo•tmann, B.S., Id., Gnotobiotea Standards 
and Gui4e Linea for the Breeding, care an4 Management o! 
Laboratory Ani11&la, National Re•earch Council, National 
Academy of Sciences, Washington, D.C.) Tbe 11clatora were 

10 maintained in a room at 21'C on a 12h light dark aehe4ule. 

16 

A 2.Sc:m 4iameter Tygon tube 7.SSc:m long wa• ••aled to the 
top of the isolator and clo1•4 with vinyl sto~pera at both 
top and bOttom. Thia provided an entry for sterile 
·filtration of diet, water and oil. 

S.2.3. DIET -Table 1 inaicates both diet ccmpo1ition and the 
sequence for dissolving the ingredients in ultrafiltered 
Milli-Q water (Millipore, MA). The· amino acid• and dextrose 

20 were Sigma tissue culture grade. Vitamin• were al10 from 
Sigma except for pure retinyl palmitate, kindly supplied by 
Hoffman-La Roche, lnc. (Nutley, NJ). The other reagent• 
were.Fisher certified or equivalent. The complete water 
soluble diet va. filtered cold through an Amicon Diaflo 'l'CJ 

25 ultrafilter using three lm10 membranes 1501ml in diameter 
(Amicon). 

The ultrafilter membrane• had a molecular weight 
~ut off of io,ooo daltona. The ••••mbleC vltrafilter 
apparatu• vu sterilized bttfor• use by paasz:n9 a O. 1 s• 

. 30 •o41wn hn)ochlorit• solution through it, followed by 

thorough washing. Ultrafiltere4 d1et waa •tored at ,_c in 
sterile reservoir• until needed. The diet was introduced 
into the AF isolator using a 0.2\llll Hylon"(MSI) filter in an 

autoclaved pressure filter holder with its delivery tube 
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inserted into a No 6 ~eoprene atopper. For thi• purpose, 
the upper vinyl 1topper vaa r._oved from the Tygon tu.be 
aealecl to t'be top of the i•olator, and the interior of the 
tube wa• aprayea with a •terili:ing aolution of 2• peracetic 
acid containing o.i• alkyl-aryl aulphonate. The filter 

5 holder •topper waa in•erted in place cf the upper atopper. 
After 20 minute• the lower stopper va• removed (in•ide the 
iaolator) and diet or water waa filtered into the isolator 
under 20 p•i of nitr09en. 

Th• compo•ition of the lipid auppleaent 1• given 
tO in Table 2. 'l'be •or tri9lyc:erid•• were a preparation made 

from those methyl e•tera which vacuu"m diatilled over a 
temperature range yielding the eaters from palmitate to 
linolenate. The•e ••ter• were then tranaeaterified vith 
glycerol to fcrm the mixed triglycertdea. (Nu·Ch•k Prep, 

15 Elysian, MN). The fat-•ol\ll:)le vitamin• were add•d to the 
triglyceride aixture befara its filtration into the i•olator 
at which time it was warmed to 50-C and filtered·into the 
isolator by the same procedure u••d for the water-soll.ltlle 
portion of the diet. 

20 The lipid intake was a measured 0.31Sml/day. 
Increasing the l1ptd supplement ha1 greatly decrea1ed the 
mortality rate or newborn mice. Tbe average litter aize has 
also increased to that of conventionally reared animals. 
Lactating females received twice the normal amount of lipid 

2s supplement. 

30 

35 

TABLE 1 

Composition and preparation of chemically defined diet 
. L48111Se . 

J:ng:-ec!ient 
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To 192 ml Milli-Q water 70-e the f ollowinq were added: 

Leucin• 1.9 
Phenylalanine 0.74 
Iaolaucin• 1.08 

Methionine 1.06 s 
Teyptopb&n 0.37 
Valine 1.23 
Aspara;in• 0.91 

Arginine HCl 0.11 

Tbreonin• 1.74 
10 

LY•ine BCl l.77 
Histidine HCl 0.'74 

Th• •elution was cooled to 45•C and tb• f olloving added: 

15 
~lycin• 

Prcline 
Serine 
Alanine 
Sodium qlutamata 

20 L•tyrosin• ethyl ester HCI 
F•rroua 9luconate 
Salts 35D1 

Sodium Selenite2 

25 solution coclCld to s-c and the following added: 

30 

3S 

caleiWll 9lycaropho•pbate 
Ma;n••iua 9lyc•rophoaphat• 
Calcium chloride 2a2o 
SodiWD chlo:-icle-Potas•iWi Iodide (la) mix 

(containing 680mq KI) 
Vitamin B mix 111!53 

Vitamin 1124 

Choline chloride 

-----·-----
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0.59 

1.48 
1.33 

0.59 

3.40 

0.62 
o.os 
o.1os 
0.074 

5.22 
1.43 
o.1as 
0.086 

0.09 

l.2omc;; 

0.31 
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Potassium acatate 

To 108ml Milli-Q watar at 7o•c 

D-Dextro••, anbydroua waa added 

solution• coolad to 5•c and coabinad both for 
ultratiltration. 

1.ss 

1compoaition or 1alt1 3!D aixtur• 9iven in Table 3 
10 2Added in addition to aodium aeien1t• in Salt.a 350 

3composition of vitamin I mix 111£5 (••• Ta.bl• 4} 
4Added in addition to vitamin 8•12 in vita11in I mix lllES 

TABLE 2 
15 

Composition of lipid •upplament ~EX 69E6 

Ingredient Amount par daily dose• (.0.375ml) 

PUrif ied soy triqlycerides1 
20 ~etinyl pallnitat• 

Cholec:alcif•rol 

0.33q . 

6.45mq c11·. 7 I.tl.) 

.0288mq (1.15 I.U.) 
l.3aq 

2S 

30 

35 

2 ambo•alpha•tccopherol 
2 aml:)o•alpha•tocoph•rol ac•tate 
Phylloquinone 

6.6mq 
72mq 

•Lactatinq mice raceived twice th• normal adult dose. 

1consiatin9 of: 

--·-----------·-

~d 

12' palait.at• 
1.s• at•arate 
24' cleat• 
55' linoleat• 
St linolenate 
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TABLE 3 

compoaition er the lSD Salta Mixture 

Salt Amount (per lOOml cf diet) (lllCJ) 

s 
Mn(ac:etate) 2 4H2o 5S.4 

ZuS04 a2o 40.G 

CU(acetata) 2 •20 3.7 

crcacetate) 3 B20 2.5 
NaF 2.1 

10 snso4 2s2o 0.37 

(HH4)6 Mo,024 4H2o o.:n 
N~c:12 3H2o 0.37 
Co(acetate) 2 4H20 0.11 

15 
Na3vo4 0.22 

Na2seo3 o.096 

TABLE 4 

Compcsiticn of the Vitamin B Mixture lllES 

20 
Im1redient Amount (mg)/lOOml Diet) 

Thiamine HCl • 1.23 

Pyridoxine HCl 1.54 

25 Biotin 0.25 

Felic ).cid 0.37 

Vitamin 812 0.37 

Riboflavin 1.as 
Niacinamid.e 9.2 

30 i-inositcl 61.9 

35 

Calcium panta~enat• 12.3 
Water was Killi•Q ultraf ilterad qrade and was 

filtered into th• isolator in the aame manner aa the diet. 

____________ ¥ __ _ 
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S.2.4. MICROBlOLOGic::AL MONITORING 
Th• antiqen-fr•• •Y•t•m waa te1tad tor microbial 

contamination according to CJUid•l1n•• aat out in wostmann, 
B.S. ed. (1970) Gnotobiotic. Standard.a and quidalin•• for 
t.b• braedin9 oar• and managaant of laboratory animala, 

5 National Reaaarch Council, National Academy of sciences, 
Waahington, D.C. Bri•fly, •vab• vatted with 4iet and w•ter 
fro• in•id• the iaolatcr vara uaad ~o obtain fecal amears 
c~tained traah trom th• mou•• and tro• tb• aCOU11ulated waste 
under each cage. Saaara ware also taken from th• wall• of 

10 th• i•alator particularly around the entry ports. Duplicate 
smears were always taken. one ••t waa teated by direct 
microscope examination for bacteria and tun9i, using a gram 
stain. The aecond aet of ava=a was used for detection of 
microorvani•••· Thl"•• weeks v•r• allowed to el•P•• before a 

15 culture was conaidared to be neqative. 

20 

Microbioloqical teatin9 was performed 
approximately evary two weeks ar a few daya after a new 
entry to th• i•olator had been made. 

5.3. 'l'H£ PRODUCTION OF MONOCU>HAL ANTIBODIES 
USING AN'l'IGEN•FaEE MICE 

Th• an~i9en-fr•• mica daaeribed bereinabov• were 
used as the l~bocyte donor in the production ot monoclonal 
antiboclies. Solution• of all antigens wen prepared under 

25 sterile conditi~ns in a laminar flow hood. 
Th• following protocol wa1 adopted tor the 

immunization of th• A7 aica. Th• antiqen (25-50 micro q) 
waa dissolved in sterile aaline (100 micro 1) and emulsified 
with an equal volume of Freund'• ·ccmpl•t• Adjuvant (!'CA). 

30 Interferon (1000 unit•> was added to the solution of antiqen 
prior to th• preparation cf th• emulaion. Staril• •Yrin;es 
and neadl•• ware uaed for all immunizations. 'l'he syringes 
were transf•rrad tc th• AF isolator via the entry port Where 
they were sterilized by sprayin; with a solution of 

35 
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peracetic acid (2,). Booster injecticns were 9iven ucin; 
the sa.SD• amount ot antiqen and th• raplacem•n~ of FCA with 
Freund's Incomplete Adjuvant. A total of three boaster 
immunizations var• ;iven aach at interval• cf thr•• veeka. 
Th• final liooat (without adjuvant) was given 4-7 days prior 

5 ~o fu•icn. All immunization• wer• CJiven intraperitonaally. 
'l'he mic• ware ~·aoved tram th• iacla~or on tb• day ot the 
fuaian and.ware iamediataly •acrificed by co2 aa~hyxiation 
Th• spleens were raoved and ~• •plenocyt•• f~•ed with 
mouae mywaloma call• (NSl) uaing standard hybri4oma 

10 t.echnolcqy. 

15 

s.4. USE Of TU AN'l'lGIN•FR!E ANIMAL SYSTEM 
FOR 1'H'! PRODUCTIOM OF A FIBRIN-SPECIFIC 
MONOCtDNAL ANTIBODY 

Th• antiqan-tr•• ayatam waa uaed to 9enera~e a 
fibrin-•p•cific mo~oclonal antil>ody. Th• antibody is hiqbly 
specitic and does not reeoqnize tibrinoqen, f i~rin 

de9radation products or fi~rino9en deqradation products. 
The hybridoma cell lin• was produced by fusion of 
splanoc:ytes from antigen free BA.t.B/c mice, i111munized with 

20 human fibrin, and NSl myaloma eells. 

S.4.1. IMMUNIZATION SCHEDUL! 
Thr•• eight v••k ald female antigen free mice were 

immunized vith,33 micrc;ram• of a buman fibrin preparation. 
25 The pr•paration was a trea:e fracture •ample of fibrin which 

was prepared aa follows: 

30 

Jtuaan f ibrin09an was convert.d to f il>rin l:Jy 

tl\ro11))1n and Factor Xl%Ia. 'l'h• fibrin clot was then frozen 
in liquid nitrogen and reduced to an •~remely fine powder 
by mechanical disruption. A 4iapersion ot the freeze 
fractured fibrin was mad• in· saline to 9ive a clear solution 
of crosslinked fibrin XL-Fn with a final concentration cf 
1m9/mt.. 33 aicroL of ~his fibrin antigen was ua~4 to 

35 
immunize the animals. The volume of the antiqen solution 

ed 
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wa• adju•ted to lOD lli~roL with aterile aalin• an4 vas then 
emulaified vith FCA •• de•cribe4 in th• la•t section. .ir..rc 
boo•t•r imauni~•tiona var• administered, at interval• of 
thr•• wealca, using th• •am• l•v•l ot antigen in Freund'& 
Incomplete Adjuvant. Tb• final boo•t•r waa given 4 day• 

5 prior to th• fuaion. 'l'h• same lev•l of antigen was ua•d and 
adjuvant vaa r91>laced vit.b aaline. 

!.4.2. DETECTION AND D!TDKIHATtOH OF AN'l'l:BODY 
Qualitative and quantitative determination• ot 

10 monoclonal antibOdy ver• parf OZ'IHld u•in9 an eniya• linked 
illSllunosorbent asaay (ELISA). T~• EI.ISM were performed 
using human fil>rin imzlobilized_onto a 96 vell PVC plat• 
(Cos~ar). The fibrin coated aaaay plate• w•r• prepared by 

. incubating 100 microL ot a fibrinogan solution (Rabi, ;rade 
15 L) (SO micro9r11m11/aL borate/saline buffer) ov•rniqht at 4•c. 

Unbound til:lrino9en vas removed by vaabin9 with PSS 
containin9 o.ost T'W••n ao (PBS-TW••n). 'l'b• fibrinogen 
coat•d cnto aaeh plastic wall was conv•rt•d to tibrin »y 
incubation with 100 microliters Of a thrombin solution (lO 

20 NIH units/ml) containing 2m11cac12 for l hour at 37•c. 
standard cal~ration curves fer th• antibody v•r• 
construc:t.ed uain9 a pr•paration of antibody which was 
hom09eneoua by SDS•PAGE. 

To prevent non•specitic bindin9, th• fi~rin coated 
25 plates were incuJ:)ated with a lt aolution of BSA in PBS . 

pK7.4. Antibody containing aolutiona (100 aicroL) were than 
added and incubated at 37•C for 90 ainutes. After each atep 
in the procedure tis• well• were extanaively waahecl with 
PBS•Tw•en. Bound antibody vaa d•t•=t•d by 'th• addition of a 

30 1000 fold dilution of rabbit anti-mou•• ant~ody conjugated 
to alkaline phosphata•• (Si;ma) 4ilu~ed in PBS, 1' BSA 
pHa.a. 

~d 

i iiii1ii1filHr 
SUBSTITUTE 8HIET 



W089/1l690 PCT /US89/02545 

5.4.3. PRODUCTION OF HYBRIDOMAS - rosION 
Th• mica were ••crif iced by co2 a•phyxiation and a 

splenectomy performed imlll•diatttly. Th•' apleen cella from 
th• immunized.mice were fused with th• tu•a;ent polye~ylene 
9lyco1 cooa (3000-3700). 'l'h• c•ll• w•r• incubated in HAT 

5 aelection media in T fla•ka for 1 we.ic.. After thia time the 
call• ver• plated out into s X 96 wall plataa·troz wbieh 91 
wells ahoved growth. Of tbeaa, 19 well• were poaitive for 
tb• fibrin antigen. On• of tb••• clones, F492D8 (later 
renamed MH1), produced antibody which r•cognizad the fihrin 

10 antiqan but did not c~oaareact wi'th tibrinogen. Thia 
particular clone, HRl, waa reclone~ tbr•• ti••• by limitin9 
dilution with th• tertiary cloning pha•• performed at l cell 
per well. once the cell line waa •t&bilizad it was weaned 
onto a aerum-fr•• aediua th• cell line produce• antibody at 

15 the level ot approximately 7.S m;/litar. 

5.4.4. PURIFICATION OF MONOCIDNAL ANTIBODY . . 
Berore purification (4 Liter batches of) tissues 

culture supernatant. were centrifuqed to remove cellular 
20 d~ris and ~il~ered through a o.aaicroM nylon maml:lrane to 

remove any residual particulate material. Th• hy~ridoma 
supernatant was concentrated at 4•C to a volume ot 500111.L 
usinq a spiral wound ultratiltration sy•t•m employin9 a YM 
type meml':lrane (Am.icon) with molecular weigh~ cut of 30,DOO. 

25 Buffer excbanqe to 2omx 2(N-morpholin•) ethane •ulphonic 
acid (MES), pB6 (Butfar A} was aceompliah•d by diatiltr~tion 
according to th• aanutac:turera instructiona. After further 
ccneentration to a final volma• of 100 Ill, th• antibody 
solution waa filtered throuqh a 0.451 micron nylon membrane 

30 before further purif 1cation. Th• concentra~•d antibody 
solution was purified by liquid chromatography on a Waters 

35 

;d 

. . 
HPt-c: chromatograph uainq a 7.7Sa x iocm Ux column (:J.'l'. 
Bakar, Phillipsburq, H3). 'l'h• column waa equilibrated with 
buffer A and ~h• aample (lOOml) was applied at a flow rate 
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af 1.0ml/min. After ext•n•ive vashin; with buffer A the 
antibody wa1 •luted frDll the colmua vi~ • tradient frDm 
buffer A to lOOl buffer B C1M sodium acetate pff7) at 
1 al/ain. Practiona (Zill) ver• collec:t•d and tl'lo•• 
c:ontaining MAb (as d•t•rained by !LISA) ware pooled and 

S dialyaect against phosphate buffer .alin• (PIS) (201DM •odium 
pho•phata, 1501IK 1odiua Chloride, pH7.4) and atored at •2C•c 
at concentration• > 1119/al. The A.Bx collDlft vaa regenerated 
by vaahin; for 5 ainut .. vltb lOOt buffer I, followed by 
r•-•quilibratian with 15 c:olumn ,,·01ua .. of butter A. 

10 

S.S. DETERMDATION OF FIBRIN SPEC?FlCI'l'Y 
Initial deee:11ination of fibrin epecifieity was 

achieved by acreaning hybridoma •~pernatan't.S ••parataly on 
fibrin and f ibrinogen eoated microtiter pla~••· only tho1e 

15 call lines producinq antibcdy 'that did net ero••r•act with 
fibrinoq•n were accepted. 

Further confirmation of fi.brin apacif icity waa 
determined utilizing a competition a1aay with tibrinogen in 
solution, thereby confirm.int that th• antib04y does not 

20 raco;niz• f ibrino;en in aolution. 
The' coapetition aa•ay employed to a•c•~in t.ta• 

fibrin specifi~ity of th• antibody vaa performed a• 
descri))ad for the !l.ISA ••••Y h~r•inabov• with preincul)ation 
of tb• antibody with fibrin09en in •olu~ion. Briefly, 

25 bybridama supernatant vaa inc:ubat-4 at 21·c for 30 minutes 
witb aol~tiona ot fibrin09an at phyaiol09ical concantrations 
(4JD9/al) containint BSA (10llt/ml) t:o pravan1: non •p•ciric 
bincting ot·anti.boCSy to fillrinogen. Th• fibrinoqen/antibody 
aolution was tb9n tranaferred to well• of a micrct1tar plate 

30 which had bean coated vi th f il:trin. ClyPZ'oArqPro (GPRP) was 
added to th• fibrinotan inhibitor to pr•vent poa•ibl• 
polymerization of fibri~og•n by r••idual thrcml)in in the 
fibrin.wells. The ••••Yi• then performed•• a conv•ntional 
ELISA aaaay for antibody bound.to·an immobiliz•4 antigen. 

35 
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In all experiments to t•st th• fibrin •JMtCif1ci~Y cf the MHl 
antibody a aecond antibody 45.7 was Wied as a control. 45J 
crossreac~• with fibrin and fibrin09en. 

s.s.1. DETDKIHATION OP OlOSSRltACTIVITY WITH FIBRINOG!N 
5 s.s.1.1. IIOIOBit.IZED FIBRIN AND PIBRINOGEN 

Th• call lin• MH1 produc•• a aurine monoclonal 
antibody which ~rc1araacta with fibrin when it i• 
im:mo~ilized on th• aurfaca of a PVC microtiter ••••Y plate 
{ta.~le 5). In th• •am• aaaay the antil>ody doe• not 

10 recoqnize tibrino9en immobilized on the plate. ~ th• data 
en tal:>le s indicate, there i• a dramatic incr•••• in 
i21111unoreactivity once f !brin~en ia converted to ti~rin by 
thro~in, indicatin9 clearly ~· expoaure or formation of a 

·neoepitope on the fibrin molecule. Tb• con~rol antibody, 
15 4SJ, however clearly recoqnizea an epitope which i1 

conserved when tibrinoqen is converte4 to fibrin. 

5.S.l.2. COMPETITION ASSAY WITH FIBRIN AND FIBRINOG!N 
'l"he fibrin apeeiticity ot the antibody, Mill 

20 antibody, was further demonstrated in a competition assay in 
whicb hybridoma auperna~nt vaa preincubatad with a 
tibrinoqen solution (final concentration cf 4 m;/al) prior 
to an ELISA on fil:Jrin coated wells. Since such a biqh le~el 
of fibrinoqen was usad in.this comp•~ition aasa~ cxsoo that 

25 of the antibody concentration) BSA (10 119/ml final 
concentration) was added to the mixture. Th• paptid• GPRP 
~as added to prevent til:>rin polymerization by residual 
thrc:iznbin on th• fibrin coatacl wells. Th• result.• of this 
asaay indicate that th• MHl antibOdy do•• not recoqniz• 

30 fibrino;en in solution (Table 6). 
Asawainq 400 ng. of ti~J:"in t>inc:S• to each wall of 

the microtiter •••ay plate, than th• fibrinogen level ua•d 
in this particular competition assay represent• a 1,000 fold 

35 
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s 

10 

15 

20 

25 

30 

axe•~• ov•r th• bound fibrin antigen. In addition it 
repr•••nta a •oo fold axe••• ot th• antibOdy level in the 
tissue supernatant. 

MAb 

MBl 

45.:t 

MHl 

45J 

TASL! !S 

croaareactivity ot Mil Antibody with 
FiJ:>rinoqan and Pibrin An~i9an 

A•csnM'lo atn. 
... 

Fibrin Pibrinoqen. 

.90 .025 

1.ss 1.so 

'l'A!L! 6 

Crosareactivity Of MHl Antibody with r~rin 
in the Pr•••nce of Fibrinoqen 

+tibrinog_en 

l.24 

0.439· 

•f 1.brinogen 

1.2'7 

1.74 

s.s.2. DETEltMINATION or CROSSREACTIV?TY 
!Xft FtB!JH (OGENJ DEGRADATION PRODUC'l'S 

Fibrinogan d99%'&dat:ion product• (FDPS) were 
prepared by incubating fibr1noqen with plasmin at 37"C for 
time periods ran9in9 from 10 minu~as tc 3 hours. At the 
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desired time tibrinogenolyaia was stopped by the addition of 
Trasylol (100 IC&llikrein inhibitor unit•/mt.) and 20 mM 

epsilon amino caproic acid (!ACA). 
croaalink•d fibrin degradation products CXLFDPs) 

were prepared ~y th• addition of throlll)in (4NIH unit•/mL) to 
5 a ti~rinogen aolution (5 119/lDL) in Tri• butt•r•d aalin• 

(TBS, pH 7.4, 50 1IM Tria HCl, ·150 1DM NaCl) containin9 10 mM 

cacl2, plasminogu (0.25 11CJ/1IL) and urokinaaa. (50 IU/mL). 
Th• mixture ~as incubated at 37•c and.tb• plaamin 419estion 
terminated at different ti•• i~~•rvala as descril>a4 h•rein-

10 abova fer th• FDPs. 
To datermin• croasraac:tivity of the anti~ody with 

fibrin deqradation products and f ibrinogan degradation 
P,roducts th• a~propriat• degradation products were coa~ed 
ontc microtitar plat•• and EtiISAa were performed by 

15 conventional methoda. As the results in Table 7 indicate, 
the MHl antibody does no~ cross-react with any plaamin 
generated fi~rin09en degradation produc:ta. As table e 
indica~es, the antibody does not rea~ with XL-fi~rin 
deqradation products. This ob•arvation alsc was made when 

20 the antibody was tasted for crossreactivity ~y West•rn 
blcttin9 analysia. 

Th• ccnclu•ion can be drawn that the antibody 
recoqnizea an api~opa of th• intact fil:>rin molecule which is 
not present or expoaed on th• surf ace of the precursor 

25 molecule, tibrino9en. Th• epitope is apparently destroyed 
by plasmin diqeation of croaalink•d fibrin aa th• data in 
table 8 sun••t.. 

30 

35 

Aecordingly, the MH1 antibody 1• a fibrin-specific 
monaclon~l antibcdy vhich can be d•f1n•4 as follows: 

For tb• purpose cf tha s\lbject invention a 
ribrin-speeif ic monoclonal antibody is a monoelonal antibody 
'that: 

---- .. ------·-···--
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i. in a ~ompatition assay to •easure croa•raactivity with 
·fibrin and UJ:srinoqen, •• deacril»•d h•r•inal:lov•, tba 
monoclonal antibody ha• l••• than a.bout 75t, and 
prefaraJ:aly leas than a.bout lot, croasraac~ivity with 
tibrinogen Vb.en f ibrinogen 1• utilized in a quantity of 

6 a 1,00~ fold axe ... •• compared to fibrin, 
2. in an ••••Y to Maaura croaaraaotivity with cro•1linked 

fibrin and fibrin d•tra4ation produ~, aa daacribad 
h•r•inabova, th• rhctivity of the aonoc::lonal antil:»ody 
11Jith th• fibrin tbat ha• been 419•-+-wt with planin for 

10 about thr•• hout'a i• l••• than about 50t, and preferably 
l••• than &l:>cu~ 4Dt, of t:ra• reactivity of th• monoclonal 
antibody with ti1'rin at time zero, and 

J. in an ••••Y to ••&•ur• croa•r•activity with tibrincqen 
and -fi1'rin09•n da;radation produ~, •• daacribed 

15 bereinabove, th• reactivity of th• monoclonal antibody 
with fibrin09an that baa been dig••t•d with pla•min for 
about four hour• i• no qreater than the reactivity of 
the monoclonal an'tibody with fibrinogen et till• zero. 

Th• MHl antibody ha• been further characterizad by 
20 determining it• affinity tor fibrin. Th• affinity was 

de~ermined by s~atchard. analy•i• (Frankel •t al., Molecular 
I11munoloqy, 16, 101-106(1979)) u•in9 125I•labelled Mill 
antibody. The value obtain•d for th• dissociation constant 
Kg was 6. 7 x ,..o·10 M. such affinity i• al:l~t s,ooo times 

25 ~at of 'the affinity of t-PA for fibrin. 
It ha• alao been d•t•rmin•d ~Y We•t•rn 

Im111Uncblottinq analysis that th• MHl antibody do•• not 
croaa:r:ea~ wiU tb• Act, Bl or 9aama chaiu cf fibrin09•n. 
Also, i~ baa be-n detarainad by tb•_ .. m• method of analysis 

30 that th• Miil antibody does not croasr•ect with 'thrombin 
treated Aa or B' chains of fibrino9en. (Thrombin treatment 
of tibrino9an result& in th• rel•••• Cf tibrinopeptid• A and 
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f ibrinopeptide B trom the Aa chain and 8' chain, 
respectively, therefore torminq the o chain and ' chain of 
fibrin.) 

'l'ABU: 7 

croaareactivity of llH1 An~ibody 
vith Fil:lrin09en Deqradation Product• 

Plasmin Digestion TilrHa 
(min•) 

0 

10 

20 

40 

60 

240 

Acos nm/3J 

lflU -
0.15 

0.10 

O.ll 

0.11 

0.10 

0.09 

TABLE a 

croaareactivity of MIU Antibody 
with Fibrin Degradation Prod~ct• 

min 

Plasmin Digestion Time 
(hours) . A405 nm/30 min 

1011 -

-------~--------

45.7 -
1.037 

nm 

l.02 

0.410 

0.330 

0.300 

4SJ -
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0 

3 

5 

-so-

0.890 

0.3$4 

0.3l0 

1.40 

1.0 

o.77 

In ad4ition, •• th• r••ult• in Table 7 indicate, 
5 the con~rol antibody, 45J antibody, bin4• to fibrinoqen and 

does not cro••r•act with fibrinogen d•gradation products. 
Accordingly, such a •onoclonal antibody ia a f~rin09en­
•p•cific aonoclonal antibody and repreaant• anoth•r ••P•ct of 
th• •ubjact invention. Th• t1brin09an••pacific aonoc:lonal 

10 antibody can be utilized in ~Y ilmlunoaaaay that can be 
utilized to d•t•raine plaama fibrinogen l•Y•l• !!! vitro. The 
453 antibody h•• been further Characterizad in that it has 
b••n detetmin•d that th• 45J epitop• ia on th• A.:a chain of 
ti~rinoc;en in th• reqion from about amino acid 206 to about 

15 424 and most likely in th• region from about aaino acid 201 

to about 231. For th• purpose of the •'W:lject invention, a 
f itlrincgen-•p•citic monoclonal antibody i• an antibody that 
in an assay to meaeure crosar•activity.vith tibrinoqen and 
fi~rinoqen degradation products, •• d .. cribed hereinabOve, 

20 the reac~iv~ty of the monoclonal antibody wi1:h fibrinoc;en 
that has be•n dit••t•d vit.h plasain tcr abou~ 40 minutes is 
l•ss than about sot cf th• r•activity ot th• monoclonal 
antibody with fibrinogen at time zero. 

Tb• 45J hybridoma vaa made by conventional 
26 technique• utilizin9 a conventional Balb/c mouse wherein the 

mouse was immunized with fi~rin. However, fibrinogen alao 
can b• utilized aa th• anti9an. 

5.5.3. DET!MlJQTlOH or CROSS REACTIVITY 
WITH NONCROSSLIHDD FIBRIN AND 

30 lfORCROsSLJNK!D FlB!Wf CLOTS 

35 

It baa been d .. oriatrated by ELISA that the antibody 
MHl crossreacta with not only croaalinked fibrin (Xt.Fn) but 
also noncrosclink•d fibrin (Nom<t.Fn). The ELISA was 
performed. as follows:-
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l. t& well microtiter assay plat•• were coated 
with 1ooul of ~ tibrinogen •elution (SOuq/mL in borate 
(pHe.s) saline buffer). at 4•c overnight. 

2. croaalinked fibrin wa• formed in th• fibrinogen 
coated wells by incul:>ation tor 1 hour at 37•c with a throml:lin 

S solution (lONIH unit•/•l) in Tri• buffered •alin• (TBS, pH 
7.4, SOmK Tri• HCl, 15om.K NaCl), containinq ZmM cacl2 and 
lomM c:ysteina. 

l. Honcroaalinked fibrin vaa formed in th• 
tibrinoqen coated well• by ineubation for l hour at 37•c with 

10 a throm.bin aolution (10 NIH unita/ml) in pho•phate ~uffer (pH 
6.l) ccntaininq EDTA to a final concentration of o.0125M. 

4. Th• bound antibody waa detarmined by incu):)ation 
·with an antimou•• alkaline phosphataae conjuqate. Bound 
canjuqat• was determined ~Y the addition of an· alkaline 

15 pho•phatase •ub•trate and th• raaultant colorimetric reaction 
monitored at 40SnM in an automatic plate raader. 

Th•'rasult• of the aaaay are •hovn in Tahle 9 and· 
it can be concluded that th• antibody cro•areactivity with 
crosslinked fibrin is qreater than it 1• with noncrcsslinked 

20 ·fibrin. Th• simplest explanation being that the eovalant 
crosslinking present in the croaalink•d polymeric-structure 
servea to lock or freeze th• conformation which the antibody 
r•coqnizea. tn the nonerosslinked apeci•• th• conformation, 
althoug~ it is formed, it i& not stabilized by covalent 

25 bonding of th~ polymer. 

I~ ha• al•o been demon•trated 1:bat th• antibody 
crossreac:ta with both croaalinkad and noncro••linlc:ed clots, 
formed in v1cro. cro••linked fibrin waa prepared by 
in~ubatinq a fibrino;en solution (In Tris (50mM, pH7.4) 

30 saline, containing cac:12 (2mM) and cystein• (lOmM)) with 
thrcmbin (lONIH unit•/ml) for 3 hours at 3?·c. Th• non­
cros•lined fibrin vas fol"lled by incul:)a~inq o tibrin09en 
solu~ion (lmq/ml) in phospha~• ~utter (pH6.1) containinq EDTA 
to a final concentration of o.Ol25M with a thrombin solution 

35 
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(10NIH units/ml) tor 3 hour• at 37•c. After tozmaticn a~ the 
clots, ~•Y were wa1h•d and incuba~d at 37•c with 400ul of a 
1t BSA solution cont.ainin9 125xo41ne•labelled MKl antibody. 
Saall aliquata of solution w•r. rmaovad at different ti.a• 
points and th• aaount of antibody ~ptak• vas determin•d by 

· 5 countinq the plallma in a gamma cou.nter. 

10 

. 15 

20 

30 

35 

Tabla 10 ahov• the uptake of antibody by both tb• 

nonero••linked an4 croaalinked clota. 
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TABLE 9 

crossr•activity cf MHl Antibody with croaslinked and 
Nonerosalinked Fibrin 

An'tihody croaslinked Noncroa1link•d 
concentration Fibrin Fibrin 
(n9 ./ml.) (Ab•orbanc• at 405 nanos•t•r•) 
100.000 o.764 0.409 

50.000 C.460 0.319 

25.000 0.305 0.154 
12.SOO o.174 0.074 

6.250 0.069 o.ooo 

TABLE 10 

crossreactivity o~ MHl Antibody with Crosalinked 
and Noncrosslinked Fibrin Clots 

Fibrin clot 

erosslin.ked ?9t 

Ncncrosslink•d 76t 

5. 6. DEPOSIT 01' HYBlUDOMA 
MHl and 45J' were depoait•cl in tb• American Type 

culture Collection (ATCC) en 3una 9. 1988 and given accession 
nUllber HS 9739 and BB 9740, rupectively •. Th• A'l'CC is 

30 located at 12301 Parklavn Drive, RocJcvill•, MD •. 20852. KH1 
antibcdy i• an Igc1 antibody v11:h a Jcappa light chain and i~ 
has been observed that ~· MH1 antibody cro•sreacta With not 
only human fibrin ~ut alac ral:.1bit til:lrin. 
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Th• •ubj•et invention ia not intended to be limited 
in acope to the hybridoma• deposited but they are intended as 
a sin9l• illustration or hybridoaaa that pracSucad a fibrin­
·~cif ic monoclonal ant1body and a t1brin09an•apecif ic 
monoclonal ant,ibody, as de!in•d barein. Any Qell line that 

5 i• funetionally equivalent ia within th• acopa of th• aul:>jact 
invention. By th• term •rwictionally •qt.lival•nt• it 1• meant 
that an antibody ia capable ot caapeting vith tb• JUll 
antibody or •SJ antibody in binding to f:.h• epitope ot til:lrin· 
to which the 1481 antil»Ody bind• or to 'the epitoptl of 

10 fibrinoqen to wbieh th• 45J antiMdy binda, rupectively. In 
addition, •uch term includes fibrin••pac1f 1c aonoclonal 
antibocli•• and fibrinogen-apecific aonoclonal antibodies, as 
d•tin•d herein, that bind to an epitope different trom 1:hat 
which the MHl antibody bind• and th• 45J antibody binds, 

15 r••P•ct.ively. 

20 

25 

30 

S.7. IN VIVO DIAGNOSTIC: AND THERAPEtn'IC USES 
FOR F?BRIH•SP!CIFIC MOROCt.DRAI. ANTIBODIES 

S.7.1. C%,,OT/!ASCDLAR DISEASE LOCALIZATION 

.The f ibrin-apacific monoclonal anti~odi•• of this 
invention are capable ot t.arqatinq f J,J:,rift clots or 
a9c;reqation of fibrin !! vivo. They f':&ft, therefore, be used 
in humans for loca~i&ation ot poaailll• tisaue or vascular 

• 
damage and fo~ aonitoring of vascular diseases. A fil>rin• 
apecif ic aonoclonal antibody ic particularly preferred for 
this use bacaua•.nch "aOnoclonal antU,Ody will not bind to 
f ibrin09an, fibrin degradation produeta and fibrinogen 
d.9'p"adatian prOdUct.•, thermby rectucin9 backqrcnmCI, which 
permit• one to more prec1••1Y localize th• fibrin clot or 
anreg"at:ion ot f J,},rin. 

For th1• •pplication, it i• preferabl• to use 
purified aonoclonal antibadi••· Preferably, purification may 
~· aceomp1i•h•4 by HPLC aat:hOds. Purification of monoclonal 

35 
antibodies tor buman administration may also be accamplished 
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by ammonium aulfate or •odium aulfate precipitation fol~owed 
by dialysis a9ain1t •aline and filtration sterilization. 
Alternatively, immunoaffinity chromatoqraphy techniques aay 
b• used to purity th• monoclonal antibodi••· 

Th• puriti•d monoclonal antibodi•• can ~· la~ellad 
5 with radioact.iva eompoUN!a, tor exam.pl• 123 x, l2S I, lll I, 

' 9mTc, 111 In, an~ admini•tered to a patient intravenou•ly. 
The antibody al•c can be lal>all•d. with a uqnetic probe. NMR 
can then be utilized to pinpoint th• clot. Aftar 
localization of th• an~ibodi•• at th• clot or tibrin 

10 a~qreqaticn they can 0. detec~•4 by ~i••ion tomoqraphical 
and radionuclear scanninq techniques therel:»y pinpointinq tbe 
location of, fer example, the thromtiua or fibrin aneapsulated 
tumor. 

By vay of illustraticn, the purified monoclonal 
15 antibody is suspended in an appropriate carrier, a.9., 

saline·, with or v~thout human albumin, at an appropriate 
do&aqe and is ad.JD.inist•r•d to a patian~. 'l"be monc:lonal 
antibodies are preferably ad.minister•d intravenously, e.q., 
by continuous intravenou1 infu•ion over aevaral hours. 

20 

5. 7 • 2 .. TRD.1'MENT OF VASCULAR DISEASES 
WITH MOHOCI.DNAL AN'TIBODY CONJUGATES 

Th• monoclonal antibodi•• ot this invention can ~e 
used in conjunction with a broad range of pharmaeautical 

· 25 a9enta auch aa cytotoxic raage~t• and thrcmbolytic reaqenes, 
•·9· t-PA, Ul"'Okinaae streptokina1e, and other protaa•e• that 
are capable ot ly1inq.fil:lrin. Sueh u•• i• parcicularly 
pr•ferr•d baca"Qaa ~· fibrin••pecif ic monoclonal antibodies 
ot the subj•et invention perai~ a vary efficient uae cf auch 

30 reaqents b•~•u•• none of th• rea9ent will be lost by binding 
to tibrinoqen, fibrin degradation product• or fi~rinoqen 
deqradation products. Far various review• on th• •Ubjeet, 
see Bale et al., 1980, Caneer Research, 40:2965•297; Chose 
and Blair, 1918, J.Natl. Caneer Inst., 61(3):657•676: 

-~--------.:...-------· 
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Gre;oriadis, 1977, Nature, 265:,07-411: Gre9oriadi•, 1980 
fhar,ac. Thar., 10:103-108: and Trou•t •t al., 1980, Recent 
Result• cancer Rea., 75:229•235. 

Th• uthoda used for binding thua a9anta to the 
monoclonal antibody molecul• can involve ait.b•r non-coval•n~ 

5 or covalent liftlca4••· Since non•covalant bond• ar• more 
likely to be broken baf or• t:h• antibody complu reach•• th• 
tarqet aita, covalent linkage• are preferred. For instance, 
a c:arbocUillid• bond can H toz.ed !Mtveen tlaa c:arMxy qroups 
~~ th~ pharmaceutil:41 aqant and th• amino ;raups ot th• 

10 antibody molecgle. Bitunc:ticnal agent• aueb •• dialdehyd•• 
or imidoe1tera c:an be used to link tb• aaino group of a druq 
to amino qroup• of t:h• antibody molecule. The SChitf baae 

· reaction can be uaed to link drug• to antibody molecule•. 
'l'hia method involve• th• periodat• oxidation ot a drug or 

15 r.:yectoxic agent that contain• a ;lycol or bydroxy c;roup, thus 
formini an aldehyde Vhic:h i• then reacted with the antibody 
molecule. Attachment occur• via formation of a Schiff ba~• 
witb amino vroup• ot tbe antibody molecule. Additionally, 
druqs with reactive •ulthydryl qroups have been coupled to 

20 antibody molaculea. 

25 
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We claim: 

1. A •ethod for t.be prOduction of a monoclonal . 
an~ibody to an anti9an comprising: 

(a) 11mluniz1119 a 9armtr•• animal vit.h said antiqen 
s to pe1"1lit anti~ody-producing cell• to produ~e 

antibodies to aaid antiven, 

10 

15 

(b) r .. ovint at least a portion of aaid 
antibody•producint cell• from ••id 9armfr•• 
animal, 

(c) forminq.a bybridoma by tuain9 one of. ••id 
antibody•producing call• with an imaortalizin9 
cell vhsr•in •aid hybridoma 1• capable of 
~~ducing a monoclonal antit)ody to aaid 
anti9en, 

(dl propa;ating aaid hybridoma, and 
(•) hal!'Yeatin9 th• monoclonal antibodies produced 

by aaid hybridoma. 

2. Th• method of claim l wherein aaid germfree 
2q animal i• an anti;an•fr•• animal. 

3. 'rh• method of c:laiJD 2 wberain aaid antigen•free 
animal is ••l•ct•d froa th• group consiating of a mou1e, rat, 
pig, quinea pig, poul~, a goat, a ab••~, primate and a 

25 rabbit. 

30 

35 

4. The ••1:bod of claim 3 wherein said anti9en-free 
animal ia a mouse. 

s. 'rh• -thcd of claim 4 wherein aaid mou•• i• a 
Balb/C mouaa. 
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6. In an immunaaaaay to d•t:•nine the presence o.f 
an antigen comprising contacting aaiG ant:igen vith an 
antibody, the illprcv ... nt compri•ifl9 eaployin; ~or ••id 
antibody ll1'l antibody derived froa a garmtr•• animal. 

5 '7. Th• ilmunoaaaay of claim 6 wb•rein aaid 

10 

llfttibody i• a aonoclonal antil»ody. 

8. The imauno••••Y of claia g Wherein aa.S.4 
antibody i• a polyclonal antibody in •ar"UZ. . 

9. Th• method ot claim 7 or a wherein aaid 
garmrree animal i• an antiqan•frea aniaa.1. 

10. Th• uthod of claim 9 wherein aaid anti9•n-
15 tr•• animal i• ••l•ct•d troa ~· group con•i1t1nq of a mou•e, 

rat, pig, guin•a pig, poultry, 9oat, •heap, primate and 
rabbit. 

ll. 'l'h• method of claim 10 wherein 1aid antiqan-
20 free animal i• a mouaa. 

12. Th• aethocl of claim 11 wherein aaid. aouae is a 
Balb/C mouse. 

25 13. In a ••tbod for localizing an anti9~n in !!?g 
Ccn11Fri•ing adminiatarinq a monoclonal anti~oely with a 
suitable carrier to • hmaan and d•t•ct:in9 localization of · 
said monoclonal antibody, the improvmaent comprising 
employing tor aaid aonoclonal antibody a monoclonal antibody 

30 derived froa a qarmfrea animal. 

14. 'l'h• mat.hod of claim 13 Wherein said q•rmtree 
anima1 i• an an~igen-~r•• animal. 
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1s. The method ot claim 13 wherein aaid 
antigen-tr•• animal i• ••l•ct•d tram th• c;roup canaistinq ct 
a mouae, rat, pi9, guinea pig, poultry, qoat, •h••p, primate 
and a rabbit.. 

16. The method ot claim 15 wherein said 
anti9en-fr .. animal i• a mouse. 

17. !'he method of claim 16 wherein ••id aou•• i• a 
Balb/C mou••· 

18. In a method for utilizinq a aonoclanal 
antil>ody therapeutically comprisin; acls1ni•terin9 to a hwnan 
in nee4 of therapy said monoclonal antibody, th• improvement 
compri•in9 employing tor aa1d monoclonal antibody a 

15 ~onoclonal antibody derived from a germfr•• animal. 

19. Th• method or claim 17 wherein said 9ermtree 
animal is an antiqen-fr•• anillal. 

20 20. Th• method of claia 19 wharein said antigen• 
free animal ia ••l•c:t•d from. the group consistin9 of a mouse, 
rat, pi;, 9Uinea pig, poultry, goat, sheep, priaate and 
rabl:>it. 

25 21. 'l'h• ••tbod of· elaim 20 wherein said ant19en-

30 

:tr•• animal i• a aou••· 

22. Tb• method of claim 21 Wherein •aid mousa is a 
Balb/C mouse. 

23. A fibrin-apeeific monoclonal antibody. 

24. The monoclonal antibody of claim 23 produced 
by the f~sion of an immortali&ing cell and a cell capable cf 

35 produein9 a fib~in-specific antibody. 
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ZS. Th• monoclonal antibody of claim 24 wherein 
••id cell capable of producing a fibrin-•pecif ic ant1b0ay is 
obta1ne4 from an antigen-free anima.1. 

26. The monoclonal antil>Ody cf claim 25 wherein 
I aaid anti9•n-free animal 1• a aouae. 

10 

15 

20 

2& 
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27. The monoclonal antibody of claim 26 wherein 
•aid antigen-f~•• mouae i• a Balb/c aou.e. 

28. The monoclonal anti1'cd.y af claim 2C wherein 
aaid ·immortalizing cell i• a myeloma cell. 

29. The monoclonal antibody of claim 24 wher•in 
said myelcma cells 1• a mou•• myeloma cell. 

30. Th• monoclonal antibody of claim 23 wherein 
said monoclonal antibody ia a monoclonal antibody having the 
identifying characteri•tic• of the monoclonal antibody 
produced by the hybridoma ATCC HS 9739. 

31. A continuous cell line vhich'produce1 a 
f ibrin-•pecif ic monoclonal anti~y campriaing a bybridoma 
formed by fa.in9 a cell capable of proc:Sucing a 
fibrin-specifi~ antibody with an immortali&ing cell. 

·32. Hybridoma cell line ATCC: HI 9739. 

33. The monoclonal ant~bocly of claim 23 
conj~qated to an ima9in9 agent or • therapeutic agent. 

34. In a method for localizing a fibrin clot or 
agCJZ'e9ation of fibrin !!l vivo cmnprtaing administering a 
monoQlonal an~ibody with a •uitable carrier and detecting 

----------------·-··--
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the localization cf •aid monoclonal antibody, the 
improvement compri•ing employing for •aid monoclonal 
antibody a fibrin-specific monoclonal anti))Oc!y. 

35. In • aetho4 for utili&in9 a monoclonal 
& ant1b0dy in conjuncttcn with a t.hrom.bolyt1c reagent for the 

treatment of thrcllboaia CC111.priain9 admini1tering to a human 
in need of 1aid treatment a monoclonal antibody 1n 

conjunction with a t.hrombolytic agent, the improvement 
comprialng f!taa.ploytng for aald monoclonal antibocSy a fibrin-

10 specific 111Cnoelanal antibody. 

36. %n a method for ut111z1n9 a monoclonal 
antibody in conjunction with a cytotoxic rea9ent for the 
treatment of a f 1brin •ncapaulated tumor compr1aing 

15 administering to a human in need of said treatment a 
monoclonal antibody in con,unction witb a cytotoxic reagent, 
the improvement ccmpri•ing employing for aaid monoclonal 
antibody a fibrin-specific monoclQnal antibody. 

20 31. The method ot claim 34, 35 or 36 wherein said 

25 

30 

fibrin-specific monoclonal antibody is the monoclonal 
antibody of claim 30. 

38. A fib~inagen-1pecifi~ monoclonal antibody. 

39. Th• monoclonal antibody cf cliam 38 produced 
by the fu•ion of an immortal~aing cell and a cell capable cf 
producin9 a fibrinogen .. apecific.antil:aody. 

40. 'l'he monoclonal antibody of claim 38 wherein 
said immortalizing cell i• a myeloma cell. 

41. ·The monoclonal antibody of claim 40 ~herein 
said myeloma cell 1• a mouse myeloma cell. 

---------------------

SUfJBTITUTE SHEET TH1S SHEE.T HAS 13EEN 
REPLACED 



W089/12690 PCT/US89102S45 
-64· 

•2. The monoclonal antibody of claim 38 wherein 
•aid aonocional antiboc!y is a monoclonal antibody bavin9 the 
ic!entifyil'lg characteriatic• cf the monoclonal antiboc!y 
produced by the hybridoma ATCC HB 9?40. 

43. A continuou cell line which produce• a 
f 1brinogen-•peci!ic monoclonal anti!x)4y ccapriain9 a 

5 hybri4ama foimed by fuaing a ce~l capable of pro4ucLng a 
fibrinogen-•pecific antibody with an immortaliz1n9 cell. 

''· Bybridoma c•ll line A'l'CC RB 97,0. 

10 45. tn an Ulmunoaaaay for the determination of 

15 

26 

30 

3S 

plasma ftbrinogen l•~•l• !!! vitro eoepriain9 contacting 1aia 
plasma f1br1nogen with a monoclonal antibody, the 
improveaent compria1ng employing for aaid llOnOClonal 
antibody a fibrinogen-apecific aonoclmuil antibody. 

46. The method of alai• 45 wherein aaid 
f ibrinogen-apecific mcnoc:lonal antibody 1• a monoclonal 
antibody having the identifying charact•r1at1C• ot the 
monoclonal antibody produced by t.be hybri4oma ATCC HB 9740. 
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