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| Background of the ion

This invention relates to reagents and methods
for targeting a diagnostic and/or therapeutic agent to
a focus of pathogenic infection by using as the target-
ing vehicle an antibedy conjugate that specifically

binds to one or more accessible epitopes of the pathogen

or of a pathogen-associated antigen.

Drug therapy against pathogens is conventiondlly
effected by weans of syStemic administration of the drug
in order to achieve a blood level which is toxic to the
pathogen wherever it is harbored in the body. Thus, a
certain blood level is necessary in order to provide the
préper concentration of the drug at the site of infec-
tion. This requires high doses and often does not
achieve the desired toxicity without resulting in unac-
ceptabiy adverse side-effects to the patient, since many
of these drugs have general cytotoxic properties.

The development and description of murlne mono~—
clonal antibodies (MAbs) against infectious orgarusms
has been the subject of a number of reviews (e.g., M.C.
Harris et al., Indian J. Pediatr., S4:481-488, 1987; S.
Cohen, Brit. Med. Bull., 40:291-296, 1984; R.A. Polin,
Eur J. Clin. Microbiol., 3:387-398, 1984; R.C. Nowinski
et al., _Scién'ce, 219:637-644, 1983; Part V, Monoclonal
Antibodies to Microorganisms, Chapters 17-20, inclusive,
In: R.H. Kennett et al.,. (eds.), Monoclonal Antibodies.
Hybridomas: A New Dimension in Biological Analyses, New
York and London, Plenum Press, 1980, pp. Z293-362).
These papers, and others in this area,
concerned with the use of such monoclonal antibody
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B?ﬂas to one or nore acce55|ble epltopes of the pathogen or of a

pat hogén- associ ated antigen. - Drug therapy agai nst pathogens is
conventional Iy effected by neans of systemi c adm nistration of the drug in
. order to achieve a blood-level which is toxic to the pathogen wherever it
is harbored in the body. Thus, a certain bleod level is necessary in order
to provide the pr oper concentration of the,drug at the site of infec- tion.
This requires high doses and often does no? achieve the desired toxicity

Wi thout resulting in unac- ceptably adverse side-effects to the patient,

since many of t éi{eélsf&@v Broéd! dﬁ&ﬁbgﬁé Rie@Rel tficis.the infecthe
devel opnent and criptjon of nurine no onal antibodi es (’I\/Abs%
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(e.g., MC Har fﬁfotf&zdﬂ .and M@lainthsRedi atr., 54:481-488, 1987: S. Cohen,
Brit. Med. Bull., 40:291-296, 459 e?gzégﬁggéa t§19 % hedd I‘MAMCEQHI R

3:387-398, 1984; R-C. Now nskl ence 7 644, 1983; Part V,
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as diagnostic agents in viral diseases (Harris, cited
above). 1In the case of group B streptococcal infec~

10 tions, MAbs were used in rodents to treat the infection,
and it was found in these limited trials that only when

the MAbs  were infused early after infection was an
effect achieved; at 6 hours or later, no survival of the
animal occurred (Christensen et al., Pediatric Res.,

15 18:1093-1096, 1984). In the case of malarial para-
sites, it has been shown that the Fab fragments of a
monoclonal antibody directed against the surface coat of
malaria sporozoites is active in protecting mice against
malarial infection, indicating that it blocks attachment

20 of sporozoites to host receptor cells (P. Potocnjak et
al., J. Exp. Med., 151:1504-1513, 1980). This further
indicates, ‘since it is achieved by the immunoglobulin
molecule lacking the Fc portion, that the protective
antibody action is independent of complement or cells.

25 " These animal experiments indicate that early
infections can be affected by the use of organism-
specific MAbs in well-controlled laboratory experiments
involving certain bacteria and parasites. Despite these
réports a number of years ago, MAbs have not been shown

30 to have a therapeutic role in infectious diseases in
humans. One major reason has been that such MAbs exert

a protective action only in specifie, usually early
stages of infection, being less able to interact with

the infectious organisms when they have disseminated

35 into ‘tissue reservoirs that are less accessible to
interaction with the injected MaAbs. Use of such MAbs to
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Jhese papers, and others in this area, have been concerned with the use of

'such ‘nonocl onal anti body -2- reagents
for inproved diagnostic tests for the infec- tious nlcroorganlsns
i ncluding bacteria, viruses, protozoa and hel m nths. It has been

proposed that these MAbs can be used as such for both the diagnosis and
t herapy of certain bacterial diseases, sugh as group B strepto- coccal
infections (Harris, cited above) , but exclusively as diagnostic agents in

viral diseases (Harris, cited above). 1In the case of group B streptococcal
i nf ec- form therapeutic conjugates is not suggested by the
references.

A need therefore exists for a method of target-

ing a diagnostic ageﬁt, e.g., an imaging agent, or a

5 therapy agent, e.g., a drug or radioisotope, to a focus

of infection with higher efficiency and an enhanced

therapeutic index to permit more effective diagnosis
and/or treatment of the infection.

10 . Obijects of the Invention

One object of the present invention is to
provide an effective and selective method of targeting
a focus of infection.

15 Another object of the invention is to provide
diagnostic and therapeutic agents with high specificity
for focl of infection.

Another object of the invention is to provide an
alternative or.adjunct to chemotherapy for treatment of

20 certain microbial and parasztlc infections that are not
amenable or relatlvely unresponsive to chemotherapy and
which cause debilitating or life-threatening illness.

Another cbject of the invention is to improve
the therapeutic index of a chemotherapeutic agent and/or

25 radiopharmaceutical. _

other objects of the present invention will
become more apparent to those of ordinary skill in the
art in light of the following discussion.

N

30 mmu_gi_m.e_me_n_tm

These and othér bbjects of the present invention
arc achieved by providing a method of targeting a diag-
nostic or therapeutic agent to a focus of infection,

35 which comprises injecting a patien£ infected with a
pathogen parenterally with an ant;body conjugate whlch
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tions, MAbs were used in rodents to treat the infection, and it was found
in these limted trials that only when the MAbs were |nfused early after
infection was an effect achieved; at 6 hours or later, no survival of the
ani mal  occurred (Christensen et aI., Pedi atric Res., 18:1093-1096, 1984).
In the case of malarial para- sites, it has been shown that the Fab
fragments of a nonoclonal antibody directgd agai nst the surface coat of
mal ari a sporozoites is active in protecting nmce against nalari al
infection, indicating that it blocks attachment of sporozoites to host
receptor cell ssﬁébimmbmalbieﬁsalto &n Egceddible libi%@ 161 3 5alieB0) .

This further - , | ecul e
| acki ng t he F por% of J}ICQ h&thég?lg %gg%l% e%h%’ on I slﬂ%dagge)ndent
of conpl enent %ax.@eﬁq@xs of infe?ﬁégé:aﬂﬂﬁﬁla@&%#m&#ﬁ&:mm early
i nfections Canc@@pﬁiéﬁ% ed Byuhfediagnett0EJap ERexrapeaticC alfdht ithr

barasi Loss Dechttatthise Yasifes' oF Ninating ‘sAh FRAdRTeqR0s have not been
shown to have a therapBuei invehbion futtheropyottidesspolyspecifie ohe
g;ue or. Irgasagu;&la?nbéﬁéeiﬁf& SHE LMY ScExFidated PEECLAYGRThEORoRA! Yog "
g;ct on, comprising an immunoreactive component
including at 1least one substantially monospecific
10 antibody or antibody fragment, conjugated to at least
one diagnostic or therapeutic agent, wherein the
antibody or antibody fragment specifically binds to an
accessible epitope of the pathogen or of a pathogen-
assaociated antigen. These can be provided in the form
1s of sterile injectable preparations and kits for use in
practicing the foregoing method.

Detailed Description

20 Antimicrobial agents are conventionally
classified into four main groups, based upon their
affecting (1) bacterial cell-wall synthesis, (2) the
cytoplasmic membrane, (3) protein synthesis, and (4)
nucleic acid synthesis, and often each of these groups

25 can be subdivided into several classes. Reviews of
antimicrobial chemotherapy can be found in the chapter
by M.P.E. Slack (In: Oxford Textbook of Medicine, Second
Ed., Vol. I, edited by D.J. Weatherall, J.G.G.
Lidingham, and D.A. Warrell, pp. 5.35-5.53; Oxford

30 University Press, Oxford/Melbourne/ New York, 1987) and
in Section XII, chemotherapy of Microbial Diseases (In:
Goodman and Gilman’s The Pharmacological Basis of
Therapeutics, 6th Ed., Goodman et al., Eds., pp. 1080~
1248; Macmillan Publishing Co., New York, 1980).

a5 ‘As indicated in these texts, some antimicrobial
agents are selective in their toxicity, since they kill

\\\\ i \
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Stages of infection, being |ess able to interact with the infectious

organi sns when they have dissemnated into tissue reservoirs that are | ess
accessible to interaction with the injected MAbs. Use of such MAbs to

-3- formtherapeutic conjugates is not suggested by the references.

A need therefore exists for a nmethod of tdrget- ing a diagnostic agent, :
e.g., an imagi ng agent, or a therapy agefi= e.g., a drug or radi oi sotope,

to a focus of infection with higher efficiency and an ‘enhanced therapeutic

index to permt nore effective diagnosis
or inhibit the microorganism at concentrations that are

tolerated by the host (i.e., the drug acts on microbial
structures or biosynthetic pathways that differ from
those of the host’s cells). Other agents are only

5 capable of temporarily inhibiting the growth of the
microbe, which may resume growth when the inhibitor is
removed. Often, the ability to kill or inhibit a
microbe or parasite is a function of the agent’s concen-
tration in the body and its fluids.

10 ' Whereas these principles and the available
antimicrobial drugs have been successful for the
treatment of many infections, particularly bacterial
infections, other infections have been resistant or
relatively unresponsive to systemic chemotherapy, e.q.,

15 viral infections and certain fungal, protozoan and
parasitic infections. :

As used herein, "“microbe" denotes virus,
bacteria, rickettsia, mycoplasma, 'protozoa and' fungi,
while "pathogen® -denotes both microbes: and infectious

20 multicellular invertebrates, e.g., helminths, spiro-
chetes and the like. _ "

'~ Virus can infect host cells and "hide" from
circulating systemic drugs. Even when viral prolifer-
ation is active and the virus is released from host

25 cells, systemic agents can be insufficiently potent at
levels which are tolerated by the patient.

Similarly, a number of fungal, protozoan and
parasitic infections have been resistant to systenic
drug therapy, at least in part because an effective

30 aﬁtipathoqenic' ‘dose, of a drug ha_s' been above the level
which is tolerated by the patieﬁt or because the
infection was difficultly accessible to conventional
systemic routes of drug administration.

The présen_t invention resclves many of the

35 problems involved in the treatmen,t' of infections that

' are refractive to conventional drug therapy by using

nli‘m\‘ \‘i‘iilfﬂfi‘ \ﬂ‘T‘ “
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and/or.treatnent of the infection. " (bjects of the

I nvention One object of the present invention is to provide an

effective and sel ective nmethod of targeting a focus of infection.

Anot her -object of the invention is to provide diagnostic and therapeutic

agents with high specificity for foci of infection. Anot her obj ect

of the invention is to provide an alternatigee or adjunct to chenot her apy

~for treatnment of certain mcrobial and parasitic infections-that are not
anenabl e or relatively unresponsive to chenotherapy and whi ch cause

debilitating or very-tdpesdifde ngntiibndies made againister ndh;'zem.xa]f ote

invention is to JJgoMed hgnqﬂ@gggeu_{hc d:%%:x eb at%h?%@t hel ag \}@%;al -

and/ or radi opharnaceuti cal. ects esen

will becone nor Eagippuctide, andor GFeHF-GPﬂa??EERl‘F‘P fack I?é éﬂfepﬁllohght of
the follow ng ditdmsissthpnselectively killing the pathogen. A targeted

5 drug can have enhanced effectiveness due to signifi-
cantly increased concentration at the target site
relative to the rest of the body. The targeting anti-
body is able to bind to an accessible epitope of the
pathogen or to antigens shed by the pathogen or result-

10 ing from its fragmentation and/or destruction, and which
accrete at a focus of infection. The epitope can be on
the surface of the pathogen or antigen or at an
accessible locus in the pathogen. The therapeutic
component of the conjugate is thereby localized at the

1s target site with higher efficiency and an enhanced
“target to non-target ratioc. '

Targeting is also effective for diagnostic
agents, especially agents for scintigraphic imaging or
magnetic resonance imaging (MRI) of sites of infection.

20 This is helpful to the treating physician for evaluation
of the patient’s level and stage of infection and for
designing and monitoring treatment protocols.

The antibody component of the conjugate can be
a single monospecific antibody reacting with one epitope

25 of the pathogen or its antigen. In such a case, it is

- preferabls for the antibody to bind to an epitope that
is different and separate from epitopes to which the
patient’s own antibodies bind. This will avoid the
problem of blocking due to saturation of the pathogen or

30 its antigen with native antibodies, and consequent
inhibition of targeting.

Alternatively, the antibody component can be
polyspecific, i.e., it can include a plurality of
antibodies that bind to a plurality of epitopes on the

35 pathogen or its antigen. The pdlyspecific antibody
component can be a polyclonal ant:.serum, preferably

This Sheet Has Been
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Summary. of the Invention These. and ot her obj ects of the present
invention arc achieved by providing a method of targeting a diag- nostic or

t herapeutic agent to a focus of infection, which conprises injecting a

pati ent |nfected with a pathogen parenterally wi th an anti body conjugate

whi ch REPLACENENT SHEET
specifically binds to an acceSS|bIe epi Lope of said

atfinity purified, from an animal which has been
challenged with an immunogenic form of the pathogen or
its éhtigen and stimulated to produce a plurality of
gpecific antibodies against the pathogen or its antigen.
5 Another alternative is to use an "engineered polyclonal®
mixture, which is a mixture of monoclonal antibodies
with a defined range of epitopic specificities.
In both types of polyclonal mixtures, it can be
advantageous to chemically link polyspecific antibodies
10 together to form a single polyspecific molecule capable
of binding to any of several epitopes. Conjugation of
such a palyspecific targeting molecule with a diagnostic
or therapeutic agent increases the likelihood that the
agent will reach the site of infection, thereby
15 increasing the target to non-térget ratio and the
efficacity of the vehicle. One way of effecting such a
linkage is to make bivalent F{ab’), hybrid fragments by
mixing two-different'-F(ab')2 fragments produced, e.g.,
by'pepsin'digestion of two different antibodies, reduc-
20 tive cleavage to form a mixture of Fab’ fragments,
followed by oxidative reformation of the disulfide
linkages to produce ‘a mixture of F(ab’), fragments
including. hybrid fragments containing a Fab’ portion
specific to each of the original antigens. Methods of
25 preparihg such hybrid antibedy fragments are disclosed
in Feteanu, "labeled Antibodies in Biology and Medicine" -
pages 321-323 (McGraw-Hill Int. Bk. Co., New York et al,
1978); Nisonoff et al, Arch Biochem. Biophys., 93, 470
(1961); and Hammerling et al, J. Exp. Med., 128, 1461
30 (1968); and in U.S. Patent 4,331,647. '
Other methods are known in the art to make
bivalent fragments that are entirely heterospecific,
e.g., usa of bifunctional linkers to join cleaved
fragments.  Recombinant molecules are known that
35 incorporate the light and heavy chains of an antibody,
e.g., according to the method of Boss et al., U.S.

i li‘iitﬁili":i‘mn
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pat hogen or of a pathogen-associ ated antigen accreted at said focus of

I nfection, said anti body conjugate further conprising a bound di agnostic or
t herapeutic agent for detecting, inmaging or treating said infection.

The invention further provides polyspecific or nonospecific antibody
conjugates for targeting foci of infection, conprising an inmunoreactive
conponent including at | east one substarmBral |y nonospecific antibody or
anti body fragment, conjugated to at |east one diagnostic or therapeutic

agent, mherel t.he .antj qb anti hody fragnent specifically binds to an
accessi bl e epi %ﬁﬁ?ﬁﬁ %4%% &%ﬁbgen SP gP IUFat BE gﬂ ds,508ci RFeguginggen.
These can be magnmhﬂnantt¢e SEnuhetlstbunﬂengmmaﬂeﬂﬂke#whﬁviﬁg|Qﬁé and

kits for use i Gld e r ho
Det ai | ed Descf?%#g(n1 Hidicd d&olﬁggro EFE Qre 1nclgdgd &anghﬁlonally
classified i nd@vERAR i n gMRER, Hhared %ﬁRﬁ\@#é&?remtecmpngspeyiﬁicter|aI

cel | -wal I5 synaimdibwdiles) éecantibody fragments can be linked using
various linkers known in the art.

The immunoclogical profile of the substantially
monospecific, preferably monoclonal, antibodies used to
make the polyspecific conjugates of the present

10 invention can be adjusted to ensure optimal bindihg to
the pathogen or its antigens by mixing the antibody
specificities for different antigens and their epitopes
in particular cases of infections, as well as of binding
constants for the target epitopes, so as to fine tune

is the selectivity and targeting efficiency of the reagent
according to the invention.

aAn imaging reagent according to the invention
can comprise bispecific, trispecific or, more generally,
polyspecific. antibody/fragment conjugates, . further -

20 comprising an imaging radioisotope or paramagnetic
species.

The antibody component of the conjugate can
include whole antibodies, antibody fragments, or
subfragments. Use of the term "antihody" herein will be

25 understood to embrace whole antibodies, antibody
fragments and subfiragments and thus to be equivalent to
the term "angibody/fragﬁent“ which is used inter-
changeably therefor in this discussion, unless otherwise

_ noted. Antibodies can be whole immunoglobulin (IgG) of

30 any class, e.g., IgG, IgM, IgA, IgD, IgE, chimeric
antibodies or hybrid antibodies with dual or multiple
antigen or epitope specifities, or fragments, e.g.,
F(ab’),, Fab’, Fab and the 1like, including hybrid
fragments, and.additionaily,includes any immunoglobulin

35 or any natural, synthetic or genetically engineered

heet Has Been RTlaced
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cytopl asm ¢ nenbrane, (3) protein synthesis, and (4) nucleic acid
synthesis, and often each of these groups can be subdivided into several
cl asses. Reviews of antimcrobial chenmotherapy can be found in the chapter
by MP.E. Slack (In: Oxford Textbook of Medicine, Second Ed., Vol. 1,

edited by D.J.  Weatherall, J.G G Lidingham ' and D. A V\arrell, pp.
5.35-5.53; Oxford University Press, Oxford/ Mel bourne/ New York, 1987) and
in Section Xl I, Chenot herapy of Mcrobial Diseases (In: Goodman and

GImansTheP S Thet a ndifg0 naet -
S MR *%%%&Pﬁzg@s | BB 19ke THEH Bﬂﬁ&'.b& Ay %N%WE\Q(O”% lg%%‘)a

I an Publ | shlp;l.I
As i ndi cat ed i reReRLEic AREITER kO FRTH 3 (AN ge’%rgent s are selective in

their toxicity, since thAeyibodies can include antiserum preparations
from a variety of commonly used animals, e.g., goats,

5 primates, donkeys, swine, rabbits, horses, hens, guinea

pigs, rats or mice, and even human antisera after

appropriate selection and purificatioen. The animal

antisera are raised by inoculating the animals with an

immunogenic form of the pathogen or its antigen, by

10 conventional methods, bleeding the animals and
recovering serum or an immunoglobulin-containing serum
fraction. '

The antiserum is preferably affinity-purified

by conventional procedures, e.q., by binding antigen to

1S a chromatographic . column packing, e.g., Sephadex,

passing the antiserum through the ccelumn, thereby

retaining specific antibodies and separating out other

immunoglobulins and contaminants, and then recovering

purified antibodies by elution with a chastropic agent,

20 optionally followed by further purification, e.g., by

passage 'through, a column of bound blood group antigens

or other _hon—pat_hogen species. This procedure may be

preferred when isolating the desired antibodies from the

serum of patlents having developed an antibody titer

25 aga;mst the pathogen in gquestion, thus assuring the

retention of .antibodies that are capable of binding to
exposéd epitopes.

. Hybridoma-derived monoclonal antibodies (human,

monkey, rat, mouse, or the like) are also suitable for

30 use in the present invention and have the advantage of

high specificity. They are readily prepared by what are

now generally considered conventional procedures for

immunization of mammals with an immunogenic antigen

preparation, fusion of immune lymph or spleen cells,

3s with an immortal myeloma cell line, and isolation of

specific hybridoma clones. More unconventional methods

This Sheet Has Been Reﬁ
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or. inhibit the mcroorgani smat concentrations that are tolerated by the
host (i.e., the drug acts on mcrobial structures or biosynthetic pathways
that differ fromthose of the host's cells). Q her agents are only
capabl e of tenporarily inhibiting the growth of the m crobe, which may
resume growt h -when the inhibitor is reaniﬁ; "Often, the ability to kill or
inhibit a microbe or parasite is a functT of the agent's concen- tration
in the body and its quids Wher eas these principles and the

avai | abl e anti ng,fr ?_;,#g %ga‘?eér}fag]” aHEEpSaist e HGE ! eaRI1MIYa Of

many i nfections, L nfections, other IﬂfQCtIO@? ‘have
been resi stant %Fchelaﬁtlmvm‘@ﬁﬁ)n ng§ionsd %&ﬁﬁeﬁﬁnﬁw 9.,

viral infecti Orﬁéﬁﬂguggfi@ﬂ@ fofngpypepvatdapie Fedipamsi siacenfiet iiwns.
brot ozoa and f RGTIARLEY &g AATIgen. SHERSPEELED: fr wig GhEuedbed faalt oIS
multicell bar |iaffectdrtheir ubiyityhdhnthehpresgntoinvention. Human
lymphocytes can be fused with a human myeloma cell line
to produce antibodies with particular specificities,
preferably to epitopes which are not masked by circu-
lating antibodies to the major antigenic sites on the
10 pathogen.

The present invention also envisions the use of
antigen—-specific fragments to create the polyspecific
antibody conjugate. Antibody fragments can be made by
pepsin or papain digestion of wheole immunoglobulins by

15 conventional methods. It is known that antibody
fragments may ke produced by enzymatic cleavage of
antibodies with pepsin to provide a 58 fragment denoted
F(ab’),. This fragment can be further cleaved using a
thiol reducing agent, and optionally a blocking group

20 for the sulfhydryl groups resulting from cleavage of
disulfide linkages, to produce 3.5S Fab’ monovalent
fragments. Alternatively, an enzymatic cleavage using
pepain produces two monovalent Fab fragments and an Fc
fragment directly. These methods are described, inter

25 alia, by Goldenberg, in U.S. Patents Nos. 4,036,945 and
4,331,647 and references contained therein, which
patehts are incorporated herein in their entireties by
reference, and in Nisonoff et al, Arch. Biochen.
Biophys., 89, 230 (1960); Porter, Biochem. J., 73, 119

30 (1959); and Edelman et al, in "Methods in Immunology and
Immunochemistry", Vol. 1, 422 (Acad. Press, 1967), and
are conventional in the art.

Other methods of cleaving antibodies, such as
separation of heavy chains to form monovalent light-

35 heavy chain fragments, further cleavage of fragments, or
other enzymatic, chemical or genetic technigques may also

as Been Reraced
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chetes and the |ike. Virus can infect host cells and "hide" from
circulating system c drugs. Even when viral prolifer- ation is active and

the virus is released fromhost cells, system c agents can be

insufficiently potent at |evels which are tolerated by the patient.

Sinilarly, a nunber of fungal, protozoan, and parasitic infections have been
resistant to system c drug therapy at %g I n part because an effective

ant i pat hogeni ¢ dose of a drug has been above the level which is tolerated

by the patllent b udEsauss 1diy :cdgd Gd qg-a Wieritls’ frietalihl &paeseaaula&etbo
OO O o oog! SHUM AL S hicn . enasy! TEpRegR"
i nfecti ons t hajn®ilodbés aatée weaisedonventional drug therapy by using
Antibodies to virus or viral antigens may be
5 made by inoculating a host with crude or purified, live,
attenuated or killed virus or with antigens shed by
virus, e.g., coat protein, portions thereof, or frag-
ments resulting from destruction of virus. Monoclonal
antibodies may be made by immunizing mice or other
10 mammalian species with the virus or viral antigens,
isolating splenocytes from the immunized host and
fusing them with a suitable myeloma cell line using
somatic «cell hybridization techniques to produce
hybridomas that produce antiviral antibodies. These
15 hybridomas may'be isclated, subcloned and cultivated to
produce monoclonal antibodies. The hybridoma
derived monoclonal antibodies to viral antigens are
typically of murine or rat origin and typically are IgGs
or IgMs, although suitable antibodies for use in
20 preparing conjugates according to the invention are not
intended to be limited as regards species or Ig class.
' In general, antibodies can usually be raised to
most antigens, using the many conventional techniques
now well known in the art. Thus, antibodies that
25 specifically bind to other microbial and parasitic
antigens, either on the organism itself or on fragments
or excreted or accreted antigens can be raised by

adapting the foregoing methodology in ways that are now
conventional in the art. Any antibody that binds to a
30 pathogen or its antigen which is found in sufficient
concentration at a focus of infection in the body of a
mammal can be used to make the targeting conjugate for

‘use in the present invention.
A wide variety of monoclonal antibodies against
35 infectious disease agents have been developed, and are
summarized in a review by Polin, in Eur. J. Clin. Micro-

This Sheet Has Been Reilaced
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very specific antibodi es made against mcrobial or parasitic antigens in

order to target an effective radionuclide and/or chem cal agent to foci of

i nfection, thereby selectively killing the pathogen. A targeted drug can

have enhanced effectiveness due to signifi~ cantly increased

concentration at the target site relatlvgéx)the rest of the body. The
targeting anti- body is able to bind to Taccessi bl e epi tope of the

pat hogen or to antigens shed by the pathogen or result- ing fromits

fragment ation iﬂﬂﬁ?& S?éﬁh 1JHbsfﬂE§éM1(éhéﬁiﬂfnfEQé aa{2¢YapPlity.

I nfection. The e on t'he surface of en or antlgen or
at an acceSS|mﬂ9WQX§E9|qthﬂ¥kﬂﬁ¥RiﬁH+“ erpgt (Ier tlé tohodhes: 18 t he

conjugate is tft@feebﬁakﬁcaialszeﬂeﬁ theitrarigsiorpdmatidh hhgberiref ¥iierency

i fective for MU Ak bopit: Srroninadfieraneinoutes Thife

i magi ng ors been tr;ed as therapeutic agents 1n animal models, but
with only limited success.

The value of conjugating such antibodies with
radioisotopes and/or drugs or toxins to achieve targeted
detection, imaging and therapy of infection has not been

10 appreciated, and the efficacy of such agents could not
be predicted from such prior disclosures.

Among the monoclonal antibodies (MAbs) against
pathogens and their antigens cited by Polin, supra, are:

15 ti-bacterial Mabs
Streptococcﬁs agalactiae
Legionella pneumcphilia
Streptococcus pyogenes .
Escherichia coli

20 Neisseria gonorrhosae
Neisseria menlngltldls
Pneumoccoccus
Hemophilis influenzae B
Treponema pallidum

25 Lyme disease spirochetes
Pseudomonas aeruginosa
Mycobacterium leprae
Brucella abortus
Mycobacterium tuberculosis

30 Tetanus toxin

i —vi <
Rabies virus
Influenza virus

35 Cytomegalovirus
Herpes simplex I and II S
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magneti ¢ resonance inmaging (MRI) of sites of infection. This is helpful to
the treating physician for evaluation of the patient's | evel and stage of
infection and for designing and nonitoring treatnent protocols. The
anti body component of the conjugate can be-a single nonospecific antibody
reacting with one epitope of the pathogeg3 i'ts antigen. In such a case,
it is preferable for the antibody to bind>*o an epitope that is different
and separate fron1ep|topes to which the patient's own antibodi es bind.

This will avoi Rhogki 9g e to saturation of the pathogen
or its antlgenguhgﬁ I ve an%?bgg?es rﬂ% consequent inhibition of
t argeting. RespAFF&PF&tPVQFthﬁﬂeVéﬁPFbody conponent can be

pol yspecific, varicella-Zoatefckigasa plurality of antibodies that bind to

a plurality of n pat hogen or its antigen. The pol yspecific
ant i body conpoﬁgﬁ %ﬁgbg VH ycl onal antiserum preferably
5 Measles virus

Adenovirus
Human T-cell leukemia viruses
Epstein-Barr virus
Murine leukiemia virus *
10 Mumps virus
Vesicular stomatitis virus
Sindbis virus
Lymphocytic choriomeningitis virus
Wart virus
15 Blue tongue virus
Sendal virus
Faline leukemia_virus_*
Reo virus: _
Polio virus ..
20 Simian virus 40 =*
Mouse mammary tumor virus *
Dengue virus
Rubella virus
* Animal virus
25
Anti-protozoan
Plasmodium falciparum
Plasmodium vivax
Toxoplasma gondii
30 Trypanosoma rangeli
Trypénosona cruzi .
Trypanosoma rhodesiensei e T T
Trypanosoma brucei Been Re(\aced
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-7 affinity purified, from an animl which has been chal | enged
wi th an i nmunogeni ¢ form of the pathogen or its antigen and stinulated to
produce a plurality of specific antibodi es against the pathogen or its
antigen. Another alternative is to use an "engi neered pol yclonal ™ m xture,
which is a mxture of nonocl onal antibodies with a defined range of
epitopic specificities. : I n "bot h F}ﬁes of polyclonal m xtures, it
can be advantageous to chenically |ink polyspecific antibodies together to

forma single p ecul e capabl e of binding to any of severa
epi t opes. Cbnjg%éFggﬁ L%EE % a polyspecific targeting nolecule with a

di agnostic or t@mcheeercd vQbWRlMscreases the |ikelihood that the agent
w |l reach the ﬁégghﬁgnigfgggbgea t hereby increasing the target to

non-target ratio andine%la spiralis
5 Thexler;a_parva
Taenia hydatigena
Taenia ovis
Taenia saginata
Echinococcus granulosus
10 Masocestoides corti

Antimycoplasmal MAbs
Mycoplasma arthritidis
15 M. hyorhinis
M. orale
M. arginini
Acholeplasma laidlawii
M. salivarium |
20 M. pneumoﬁiae
_ Additional examples of MAbs generated against
infectious microorganisms that have been described in
the literature are noted below.
MAbs against malaria parasites can be directed

25 against the sporozoite, merozoite, schizont and
gametocyte stages. Monoclonal antibodies have been .
generated  against sporozoites {circumnsporozoite

antigen), and have been shown to neutralize sporozoites
in vitro and in rodents (N. Yoshida et al., Science
30 207: 71-73, '1980) .

Several groups have developed MAbs to T. gondii,
the protozoan parasite involved in toxoplasmosis (Kasper
et al., J. Immunol. 129:1694-1699, 1982; Id., 130:24G7-
2412, 1983).

35 : MAbs have been developed against schistosomular
surface antigens and have been found to act agalnst
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the vehicle. One way of effecting such a linkage is to make
)[err] hybrid fragments by mxing two different F(ab')[err]
uced, e.g., by pepsin digestion of two different antibodies,

eavage to forma mxture of kab' fragnents, followed by

rmati on of the disulfide I gkage's to produce a m xture of

fragments including hybri d ragnents contai ning a Fab'

iC to each of the original antigens. Methods of preparing

E \.eoEBﬁaﬁat Sipfl e;%sqhosqek | iEes eqinpdomebed al.
|

di cine”

Pat ent 4, 331, gé%tgs” 9- 2749t her d;%thodg 848 k _R@WN Ai‘ theJart 1w

bi val ent frag
bi functi oBal |

e.g., accordin

10

15

20

25

30

35

at “are’enti Per osp eC|f|c ., use o
1RReR326023R8ikn 18$%avealﬁ$a'g$rerﬁ§ a:i-'Faec

g to the, gtpgngsgLaBoééuzel s t1tk S-causative agent of

Chagas’ disease, and is transmitted by blood—suck:.ng
reduviid insects. A MAb has been generated that
specifically inhibits the differentiation of one form of
the parasite to another (epimastigote to trypomastigote
stage) in vitro, and which reacts with a cell-surface
glycoprotein; however, this antigen is absent from the
mammalian (bloodstream) forms of the parasite (Sher et
al., Nature, 300:639-640, 1982). Suitable MAbs have
been developed against most of the microorganisms
(bacteria, viruses, protozoa, helminths) responsible for

o plages 1-323, Nb aw- Hill_lnt.. BK.
EPraF,l é?Syr RRS383rt7dr & 98%&?‘ cREn@lzirofR%Ra8193, 470
(1961); and HageRogyng &i:83-91]. IGR; Meryzch2et \Gl, (-1968)1mmbln, U. S.

i rﬂéﬁ?“n%i' ecul es
are known thabkoi:n23npenake §8E2)Lght and heavy chains of an antibody,

the majority of infections in humans, and many have been

used previously for in vitro diagnostic purposes. These
antibodies, and newer MAbs that can be generated by
conventional methods for further improvement of
targeting by use of MAb combinations, are appropriate
for in vivo use as imaging and therapy reagents when
they are conjugated with suitable radionuclides and
drugs. | :
It is generally desirable tc use antibodies
having a relatively high immunoreactivity, i.e., a
binding constant of at least about 10°/mole, preferably
at least about 10’/mole, and high immunospecificity,
i.e., at least about 40%, preferably at least about 60%,
more preferably at 1least about 70~95% for pathogen
antigens.

However, it may be preferable for certain
applications, e.g., for imaging, to use antibodies
having a somewhat lower binding constant in the present
invention. Antibodies with high binding constants are

eet Has Been Reﬁaced
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- 8+ Patent 4,816, 397. Anal ogous net hods of producing reconbi nant or

synt heti c bi ndi ng nol ecul es having the characteristics of antibodies are

i ncluded in the invention. More than two different nonospecific

anti bodi es or anti body fragnents can be |inked using various |inkers known

in the art. ' The i munol ogi cal proﬁéle of the substantially _
monospeci fic, preferably nonocl onal, antTH®di es used to nake the -

pol yspeci fic conjugates of the present invention can be adjusted to ensure

opti mal blndlngliﬁ%#Qetga£¥Rgﬁ? 8éti snggt fstBy Hkﬁbaﬂnbhﬁnﬁ” h@ﬂ%v

specificities f feren ns” and t es |n particu
of infections, awti@ersadtofthy naiky of infectidn, but aldo to such

pathogens and/or antigens present in the circulatory

systen. On the other hand, antibodies with a lower
5 binding constant will tend to accrete mainly at

concentrated pathogen/ antigen foci by virtue of a type

of mass action effect. This will reduce prémature

clearance and nontarget accretion of the imaging label

and thus increase the effective amount for targeting the
10 focus of infection. '

Antibody" conjugates for 1mag1ng can be prepared
by a variety of conventional procedures, ranging from
simple glutaraldehyde linkage to more elegant and
specific linkages between functional groups. The

15 antibodies and/or antibody fragments are preferably
Wt covalently bound to one another, directly or through a
short or ' long..linker wmoiety, through one or more

cases

functional groups on the antibody/fragment, e.g., amine,
carboxyl, - phenyl, thiol or hydroxyl groups. Various
20 conventional linkers in addition to glutaraldehyde can
be used, e.g., diisiocyanates, &iisothiocyanates,
bis (hydroxysuccinimide) esters, carbodiimides,
maleimide~hydroxysuccinimide esters and the like.
A simple method is to mix the antibodies/
25 fragments in the presence of glutaraldehyde to form an
antibody composite. The initial Schiff base linkages
can be stabilized, e.g., by borohydride reduction to
secondary amines. This method is conventionally used to
prepare other conjugates of proteins, e.g., peroxidase-
30 antibody conjugates for immunchistochemical uses or for g
immunocassays. A diisothiocyanate or a carbodiimide can
be used in place of glutaraldehyde as a non-site-
specific linker.
Bispecific antibodies can be made by a variety
35 of conventional methods, e.g., disulfide cleavage and
reformation of mixtures of whole IgG or, preferably

unm\ i i \|ﬂi'““’
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constants for the target epitopes, so as to fine tune the selectivity and
targeting efficiency of the reagent according to the invention. An
i magi ng reagent according to the invention can conprise bispecific,
trispecific or, nore generally, polyspecific antibody/fragnment
conjugates, further conprising an inmaging radi oi sotope or paramagnetic

speci es. The anti body conponent =37t he conj ugate can include whole
anti bodi es, antibody fragnents, or subfragnents. Use of the term

"anti body” herein will_be under stood to enpbrace Ie ant bod| es, ant| body
fragments and TUBbY dg FHATENRE 1 FRS1PGSLRE JARFS & Q“Fe'F

"anti body/ f raggsen,ty onélal ¢haits prraddcent tnnunbgngbahi;xsthavéﬁqrmonetthm

di scussi on, unI ot an n bulin
(1g@ of any cP ég‘%%éﬁg%f %QrdMAS? weg%& Eé)ﬁ% |ma"(raj|' cﬁrg]ﬁlt?g‘ ies or
hybrid anti bodbé§Pﬁ|°tl-Iﬂ@ua4n6¥b¢Fi|H$ pFénarH n Br QNG t 8Fe MOFECi Yi¥Eds, or
fragnentsg e. gepikopes).| eBiépeEﬂﬂJ.c (ﬁﬁﬂrh'tfidl't)hﬁnbllh%dyl ﬂﬁhtjﬂéﬁﬂsmﬂéd

fragnents, and addl ona I%% ﬁﬁeué‘s-%a% . q}u&aqglobu%l bl a&(anat U'E

synt hetic or g
resultmg from reductive cleavage of different anti-

bodies. A portion of these will contain fragments
specific to both of the antigens to which the original
10 antibodies were raised.

More selective linkage can be achieved by using
a heterobifunctional 1linker such as a maleimide-
hydroxysuccinimide ester. Reaction of the latter with
an antibody/fragment will derivatize amine groups on

15 the antibody/fragment, and the derivative can then be

e reacted with, e.g., an antibody Fab fragment with free

sulfhydryl groups (or a larger fragment or intact

immunoglobulin with sulfhydryl groups appended thereto

by, e.g., Traut’s Reagent). Such a linker is 1less

20 likely to crosslink groups in the same antibody and
improves the selectivity of the linkage.

It is advantageous to 1link the antibodies/
fragmnents at sites remote from the antigen binding
sites. This can be accomplished by, e.g., linkage to

25 cleaved interchain sulfhydryl groups, as noted above.
Another method involves reacting an antibody whase
carbohydrate portion has been oxidized with another
antibody which has at least one free amine function.
This results in an initial Schiff base (imine) linkage,

30 which is preferably stabilized by reduction ¢to a
secondary amine, e.g., by borohydride reduction, toc form
the final composite. Such site-specific linkages are
disclosed, for small molecules or polypeptides or for
solid phase polymer supports, in U.S. Patent 4,671,958

35 and for larger addends in U.S. Patent No. 4,699,784.

_/
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-9- protein that acts |ike an antibody by binding to a specific antigen to
forma conpl ex. Ant i bodi es can include antiserum preparations froma
vari ety of commonly used aninmals, e.g., goats, primtes, donkeys, sw ne,
rabbits, horses, hens, guinea pigs, rats or mce, and even human antisera
after appropri-ate selection and purification. - The animal antisera are
rai sed by inoculating the animals with ad8Tmunogeni c form of the pathogen
or its antigen, by conventional methods, bl eeding the animals and

recovering serumor an i nmunogl obul in-containing.seru r i
The antiserumis pref eSAMilaZ  BRAGFLARS { (BF be’®'dtld ' ¥ %Bina

plurality of antibodies and/or antibody fragments, e.q.,
Fadb or F(ab’), fragments, to one another to form
polyspecific conjugates or conjugates with more than one
5 epitopic specificity for a pathogen or its antigen to
jncrease its binding affinity or efficiency to the
target site. Bispecific conjugates can be linked to an
antibody/fragment specific to a third, fourth or further
epitope using, e.g., a hetercbifunctional maleimide-
10 hydroxysuccinimide ester linker to derivatize an amine
group, followed by reaction of the derivative with a
fragment having a free sulfhydryl group, optionally
introduced with a reagent such as 2-iminothioclane.
Alternative linkage modes will be readily apparent to
15 the ordinary skilled artisan based on the disclosures
for bispecific composite formation, and will require

only minor variation-and adaptation of such methods.
The antibody component of the conjugate can be
labeled with.or conjugated or adapted for conjugation
20 to, a radioisoctope for scintigraphic imaging or a
magnetic resonance image enhancing agent, for use as a
diagnostic imaging agent. Any conventional method of
radiolabeling which is suitable for labeling proteins
for in vivo use will be generally suitable for labeling
25 the composite. This can be achieved by direct labeling
with, e.g., a radioisotope of a halogen or a metal ion,
using conventional techniqﬁes or more sophisticated
methodologies, or by attaching a chelator for a
radiometal or paramagnetic ion. Such chelators and
30 their modes of attachment to antibodies are well known
to the ordinary skilled artisan and are disclosed inter
alia in, e.g., Childs et al, J. Nuc. Med., 26:293
(1985); and in Goldenberg U.S. Patents 4,331,647,
4,348,376, 4,361,544, 4,468,457, 4,444,744, and
as 4,624,846. - Pypical are derivatives of ethylene-
diaminetetraacetic  acid (EDTA) and diethylene-

This Sheet Has Been Relilaced
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by conventional procedures, e.g., by binding antigen to a chromatographic
colum packing, e.g., Sephadex, passing the antiserumthrough the
colum, thereby retaining specific antibodi es and separati ng out other

i mmunogl obul i ns and cont am nants, and then-recovering purified antibodies
by elution with a chaotropic agent, opti;iggly foll owed by further
purification, e.g., by passage through a ‘colum of bound bl ood group
antigens or other non-pathogen speci.es. .Thi.s procedure may be preferred

\C/]I\/henI i soldati ng %%%ﬁ&&%ﬂqﬂiﬁ& rgmﬁ;]xl;e. serheaoftppicelly haveng
evel oped an anfi'body titer against. the pat en i,y quest t suring
the retention &re4Rs KRR BRet &fleaFE‘aB'Qp I é‘ggfcribitﬁ}ﬁ n%??jba exzboggg Be

epi t opes. attidted o8- &y i aecibadyc| odditeamatiivelys (¢arkexylhoorey,
rat, mouse, or the |like e al so | e d esRdt ntion
and have the acﬁ%ﬂ%ggr%‘r‘séi é’ﬁ s%pe%#ﬁ'%?éﬁ E%ﬁe%ardﬁié}aa}i;f grepg%é’eby
what are rw gereupleéd tonsancrsFibefve Y oWEl1p NH - Be éfi Prmudi®¥at i on

of mammal s wit mﬁhémw&ﬂiﬁﬂﬁwmiﬁﬂaiataOOheiarBdmn gbri Gaxre ,| ynph
or spleen cells, w '

specific hybri s, EP&%&S‘% m% ’tégljﬁ%“éﬁl?g%aoctﬁgagr’r:ap%bc??ﬂdaﬂé%g&ﬁa
suitable linker to contain an activated carboxyl,
isothiocyanate or like group, and then coupled to amines

10 on an antibody. '

The chelator may be bound to the antibody,
difectly or throv.-lgr'x- a short or iong chain linker moiety,
through one or more functicnal 'groups on the antibody,
e.g., amine, carboxyl, phenyl, thiol or hydroxyl groups.

15 Various conventional linkers c¢an be used, e.g.,
diisocyanates, diisothiocyanates, carbodiimides, bis-

” nydr.o.xysuccinimiae esters, maleimide-hydroxysuccinimide
esters, glutaraldehyde and the 1like, preferably a
selective sequential linker such as the anhydride-

20 isothiocyante linker disclosed in U.S. Patent 4,680,338.
' Labeling with either Iodine-131 (I-131) or
Todine-122 (I-123), 1is vreadily effected using an
oxidative procedure wherein a mixture of radiocactive
potassium or sodium iodide and the antibody is treated

25 with chloramine-T, e.g., as reported by Greenwood et al,
Biochem. J., 39, 114 (1963) and modified by McConahey et

al, Int. Arch. Allergy Appl. Immunol., 29, 185 (1969).

This résults in direct substitution of iodine atoms for
hydrogen atoms on the antibody molecule, presumable on

30 tyrosine residues, possibly also on tryptophan and even
on phenylalaniné residures, depending on the proportions

of reagents and the reaction conditicns. Alternatively,

" lactoperoxidase jodination may be used, as described by
Feteanu, supra, pagé 303, and references cited therein.

as Some more advanced methods of labeling are
disclosed in pending applications U.S. Serial Nos.
s T,

d
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- 10- of preparing nonoclonal antibodies are not excluded, such as

I nt erspeci es fusions and geneti c engi neeri ng mani pul ati ons of hypervari abl e
regions, since it is primarily the antigen specificity of the antibodies

that affects their utility in the present isavention. Human | ynphocytes can

be fused with a human nyeloma cell line tg produce antibodies with

particular specificities, preferably to eg?topes whi ch are not masked by

circu- lating antibodies to the major antigenic sites on the pathogen.

The pr esent Inv%pglggsa{égﬁjgg@Sﬂ(UEitéKil¥§1f¥L87)’ and 175 421 (4-1-
88). . The disclosures of all of the foregoing patents
and applications are incorporated herein in their
entireties by reference. A wide range of 1labeling

5 technigques are disclosed in Feteanu, "“Labeled
Antibodies in Biology and Medicine ", pages 214-309
{McGraw-Hill Int. Book Co., New York et al, 1978). The
introduction of various metal radicisotopes may be
accomplished according to the procedures of Wagner et

10 al, J. Nucl. Med., 20,428 (1%79); Sundberyg et al, J.
Med. Chem., 17, 1304 (1974); and Saha et al. J. Nucl.
Med., 6, 542 (1976). The foregoing are merely
illustrative of the many methods of radiolabeling
proteins known to the art.

15 Examples of compounds useful for MRI image
enhancement include paramagnetic ions, e.g., GA4(III),
Eu(III), Dy(TII), Pr(III), Pa(IV), Mn(II), Cr(Iil),
Co(I1I), Fe(III), Cu({II), Ni(IX), Ti(IXI), and V(IV)
ions, or radicals, e.g., nitroxides, and these would be

20 conjugated to a substrate bearing paramagnetic ion
chelators or'exposed chelating functional groups, e.g.,
SH, NH,, COOH, for the ions, or linkers for the radical
addends. The MRI enhancing agent must be present in
sufficient amounts to enable detection by an external

25 camera, using magnetic £field strengths which are
reasonably attainable and compatible with patient safety
and instrumental design. The requirements for such
agents are well known in the art for those agents which
have their effect upon water molecules in the medium,

30 and are disclosed, jinter alja, in, e.g., Pykett,
Scientific American, 246:78 (1982); and Runge et al.,
Am. J. Radiol, 141:1209 (1987).

It is well understood that many of the same
methods for introducing metals, directly or in the form

35 of chelates, into antibodies will be suitable for
introduction of MRI agents into the antibody conjugates
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antigen-specific fragnents to create the pol yspecific anti body conjugate.

Anti body fragnents can be nade by pepsin or papain digestion of whole

i munogl obul i ns by conventional nethods. It is known that antibody
fragnents nay be produced by enzymatic cl eavage of antibodies with pepsin
to provide a 5S fragnent denoted F(ab')[err] This fragnent can be further

cl eaved using a thiol reducing agent, #&d~optionally a bl ocking group for
the sulfhydryl groups resultlng from cl eavage of disulfide linkages, to

produce 3.5S Fa rmn al e nts t|
cl eavage usi ng® %&fd{]ﬁ? %%Dn?ﬁﬁﬂo{'f“?élﬁ?g?%gﬁagnents and anrc
fragment di recmw agansseamnsageauelnebevebéd lamgee nuphier, af FaxXarenber g,

in US PatentgahRstid Q3% afddﬂaﬁﬁé £6¢7 exﬁm-xcé@feﬁs@fﬁg CQHei ned
therein, whic atents are i ncorporated herﬁ H Ef? hei r entlretles by

reference, andfhbRAsEREF introgucing @ B pRYEh 188s &) %9 940
Porter, Bsocheload., a7darklier 186%ymerndritiel whelates , and "mhodshen

| munol ogy andcggggggcr@n %ey"anéé%odyl %ﬁ%&g\%{@ § Ei’éraﬂ: ?7)81Cféeuj are

conventional in art avi ng such
as separation spetdfigadhyi a% fosdsenrenshey from tmqgmnthen binding

sites of the conjugate. This has the advantage that
larger numbers of chealators can be attached to the
10 antibody at fewer sites on the antibody itself, so that
immunoreactivity is not as seriously compromised.
Examples of polymers that are useful for loading the
antibody with chelator include, e.g., polyols,
polysaccharides, polypeptides and ‘the 1like , such as
is those disclosed in, e.g., U.S. Patents 4,699,784 (Shih
et al) and 4,046,722 (Rowland).
One type of polysaccharide is dextran. The
chelator can be functionalized to contain .reactive : .
groups.towards the dextran hydroxyls, e.g., anhydrides,
20 isocyanates or isothiocyanates and the like. Alterna-
tively, dextran can be derivatized in a number of ways,
e.g., by conversion to an aminodextran. It will be
appreciated that similar methods will be useful for
loading a plurality of drug molecules on an antibody or
25 antibody conjugate, as will be discussed more fully
hereinafter.
The process for preparing an antibody conjugate
with an aminodextran (AD) carrier normally starts with
a dextran polymer, advantageously a dextran of average
30 molecular weight (MW) of.about 10,000-100,000, prefer-
ably about 10,000-40,000, and more preferably about
15,000. The dextran is then reacted with an oxidizing
agent to effect a controlled oxidation of a portion of
its carbohydrate rings to generate aldehyde groups. The
3s oxidation is conveniently effected with glycolytic
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heavy chain fragnments, further cleavage of fragnents, or other enzymatic,
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chem cal or genetic techniques nay al so

-11- be used, so long as the fragnents retain specificity to the pathogen

or antigen agai

nst which their parent antihodies are raised.

Antibodies to virus or viral antigens may_be made by inocul ating a host

with crude or purified, |ive, attenuat ed™8f7killed virus or with anti gens

shed by virus,
resulting from

i mmuni zing m ce

10

15

20

25

e.g., coat protein, portions thereof, or frag- ments

procedures.

It is convenient to adjust the amount of
oxidizing agent so that about S50-150, preferably 100
aldehyde groups are generated, for a dextran of MW of
ahout'&m,ooo , with about the same proportion of aldehyde
groups for other MW dextrans. A larger number of
aldehyde groups, and subseguent amine groups, is less
advantageous because the polymer then behaves more like
polylysine. A lower number results in less desirable
loading of the chelator or boron addend, which may be
disadvantageous.

The oxidized dextran is then reacted with a
polyanmine, preferably a diamine, and more preferably a
mono- or poly-hydroxy diamine. Suitable amines include,
e.g., ethylenediamine, propylenediamine or similar
polyniethfl_endadiamines, diethylenetriamine or 1like
polyamines, 1,3-diamino-~2-hydroxypropane or otherwise
like hydroxylated diamines or polyamines, and the like.
An excess of the amine relative to the aldehyde groups
can be used, to insure substantially complete conversion
of the aldehyde functions to Schiff base (imine) groups.

Reductive stabilization of the resultant
intermediate is effected by reacting the Schiff base
intermediate with a reducing agent, e.g., NaBH,, NaBH,CN,

-or the like. An excess of the reducing agent is used

30

35

to assure substantially complete reduction of the imine
groups to secondary amine groups, and reduction of any
unreacted aldehyde groups to hydroxyl groups. The
resultant adduct can be further purified by passage
through a conventional sizing column to remove cross-
linked dextrans. An estimate of the number of available
primary amino 'groups on the AD can be effected by
reaction '6f a weighed sample with trinitrobenzene-
sulfonic acid and correlation of the optical density at
420 nm with a standard. This method normally results

This Sheet Has B

i

SRShiLl A Pintld | U2g.ORREO" BB A1 RS TtV SHREE Y

eplaced



Livl DI - 2-20-396 ; 9:07PM ;FOLEY & LARDNER DC A- 61 2 2615486;#49/80
manmal i.an species with the virus or viral antigens, isolating splenocytes
fromthe i muni zed host and fusing themwith a suitable nyeloma cell |ine

usi ng somatic cell hybridization techniques to produce hybri donas that

produce antiviral antibodies. These hybridomas nmay be isol ated, subcl oned
and cultivated to produce. nonocl onal anti bodies. The hybr| doma

deri ved nonoclonal _antibodies to viral a®37gens are typically of nurine or

rat origin and typically are 1gG or 1gMs, although suitable antibodies for

e 1im Led as MRS EihpyBe; Sonverdléi of " el SRl TRERAT °

can usual |y be mmiksedoft aldeBydergroups tmsqrng\aamamny g5AUPSst PBnthe

t echni ques nowyawel | known in the art. Thus, anti bodi es that speC| fically
bind to other m crobial . and araltl e ei ther ,on.th ani sm
itself or on fragrrentsW% Ve Yort‘é%c‘#%‘g%a%ﬁﬁ’b RsABLiVE BY by

adapti ng she f aorgentdonaihasiiags | foragntirbducdng mr@nﬁnnctrbons in the
ST 6t condabtrar bnratetifn At Wihdled | Bralindsy AN fuad BT 17
can be used toneRetione wighgatdigmins; ugdihe MG should be redcted "lth
a derivative of the particular drug or chelator, in an
activated form, preferably a carboxyl-activated
10 derivative, prepared by conventional means, e.g., using
dicyclohexylcarbodiimide (DCC) or a water soluble
variant thereof.
It will be appreciated that the foregoing is
merely illustrative of art-recognized methods for
15 appending radicactive labels and/or drugs or toxins to
antibodies/fragments and that other methods can be used
to prepare conjugates according to the invention.
The scintigraphic - imaging method of the
invention 1is practiced by injecting a human patient

20 parenterally with an effective  amount for scintigraphic
imaging of the radiolabeled antibody conjugate. By 5
parenterally is meant, e.q., intravenously,

intraarterially, intrathecally, interstitially or
intracavitarily. It is contemplated that a subject will
25 receive a dosage of from about 1 mCi to 50 mCi of
radiolabeled conjugate, the amount being a function of
the particular radioisotope and mode of administration.
For intravenous injection, the amounts are normally:
about 2-10 mCi, preferably about 2-5 mCi, of I-131;
30 about 5~10 mCi, preferably about 8 mCi, of I-123; about
10-40 mCi, preferably about 20 mCi of Tc~99m; about 2-§
mCi, prefgtably about 4 mCi of In-~111 or Ga-67. Amounts
of other imaging radionuclides will be readily deter-
mined by the ordinary skilled artisan, by reference to
35 the above isotopes and in view of the half-life of the
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use in the present invention. A w de variety of nonocl onal

anti bodi es agai nst infectious di sease agents have been devel oped, and are
sumarized in a review by Polin, in Eur. J. din. Mcro-

-12- biol., 3(5):387-398, 1984, show ng ready availability. However, the
principal interest in such antibodies in the past has been their

i ncorporation into in vitro diagnostic a§§$?s. A few unconj ugat ed

anti bodi es have been tried as therapeutic agents in animal nodels, but with

only linited suceessse ana tne  BEz42bHRd HANBKIRY/ AHhciit AUdmpodigs Wi th

to which it is to be conjugated.

The radiolabeled antibody composite is conveni-

ently provided as an injectable preparation for

5 mammalian use, preferably a sterile injectable prepara-

tion for human use, for targeting a scintigraphic

imaging agent to a focus of infection, preferably

comprising: a sterile injectable solution containing an

effective amount of the radiolabeled conjugate in a

10 pharmaceutically acceptable sterile injection vehicle,
prefarably phosphate-pbuffered saline (PBS) at
physiological pH and concentration. Other conventional
pharmaceutically acceptable vehicles may be utilized as
required for the site of parenteral administration.

15 A representative preparation to be parenterally
administered in accordance with this invention will
normally contain.about 0.1 to 20 mg, preferably about 2
mg, of.xradiclabeled antibody conjugate, in a sterile
solution which advantageously also centains, e.g., about

20 10 mg of human serum albumin (1% USP: Parke-Davis) per

' milliliter .of 0.04M phosphate buffer (pH 7.4 Bioware)
containing 0.9% sodium chloride.

Once enough isotope has deposited at the target

site, scanning is effected with either a conventional

25 planar and/or SPECT gamma camera, or by use of a hand
held gamma probe used externally or internally to
localize the infection. The scintigram is normally
taken by a gamma imaging camera having one or more
windows for detection of energies in the 50-500 XeVv

30 range. The target site can be any site having the
pathogen or its antigens present in a relatively
concentrated focus.

Magnetic resonance imaging (MRI) is effected in
an analogous method to scintigraphic imaging except

35 that the imaging agents will contain MRI enhancing
'species rather than radioisotopes. It will be
i i‘iiﬁfﬂiTﬁiF
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r adi oi sot opes and/or drugs or toxins to achieve targeted detection, inmaging
and therapy of infection has not been appreciated, and the efficacy of such
agents could not be predicted fromsuch prior disclosures. Anmong t he
nonocl onal anti bodi es (MAbs) agai nst pat hogens ‘and their antigens cited by
Polin, supra, are: Ant'i - bacterial Mbs g%reptococcus agal acti ae
Leglonella pneunophilia Streptococcus pyofiEnes Escherichia coli Neisseria
gonorrhosae hblsserla nenlngltldls Pneunococcus anDphI|IS i nfluenzae B

'I\I;nggggtrrgr Pﬁlmli ucel %gﬁﬁgc%ﬁacterl um_t uberc Fﬂise:?igﬁénon
operates on a different” principle from sc;ntlgraphy.
Normally, the signal generated is correlated with the
‘relaxation times of the magnetic moments of protons in

5 the nuclei of the hydrogen atoms of water molecules in
the region to be imaged. The magnetic resonance image
enhancing agent acts by increasing the rate of
relaxation, thereby increasing the contrast between
water molecules in the region where the imaging agent

10 accretes and water molecules elsewhere in the bedy.
However, the effect of the agent is to increase both Ty,
and T,, the former resulting in greater contrast, while
the latter results in lesser contrast. Accordingly the
phencmencn 1is concentration-dependent, and there is

15 normally an optimum concentration of a paramagnetic
species for maximum efficacy. The optimum concentration
will vary with the particular agént used, the locus of

- imaging, the mode of imaging, i.e., spin-echo,
" saturation-recovery and for various other strongly T,

20  dependent or T, dependent imaging techniques, .and the
composition of the medium in which the agent is
dissolved or suspended. These factors, and their
relative importance are known in the art. See, e.q.,
Pykett, op.cit., and Runge et al., op.cit.

25 The MRI method of the invention is practiced by
injecting a mammal, preferably a human, parenterally
with an effective amount for magnetic resonance imaging
of a conjugate according to the present invention of an
antibody conjugate including an MRI enhancing agent. It

30 is contemplated that a subject will receive a dosage of
labeled conjugate sufficient to enhance the MRI signal
at the site of infection by at least about 20%, prefer-
ably 50-500%, the amount being a function of the
particular paramagnetic species and the mode of

35 administration. '
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Tetanus toxin Anti-viral MAbs Rabies virus Influenza virus

Cytonegal ovirus Herpes sinplex | and |1 _

- 13- Human serum parvo-1li ke virus Respiratory syncytial virus

Varicel | a- Zoster virus Hepatitis B virus -

-26= -

Again, the labeled antibody conjugate is
conveniently provided as an injectable preparation for
mamm‘aliah use, preferably a sterile injectable
preparation for human use. A typical preparation for

s targeting a MRI agent to a focus of infection preferably
comprises: a sterile injectable solution containing an
effective amount of the labeled conjugate in a pharma-
ceutically acceptable sterile injection vehicle, prefer-
ably phosphate~buffered saline (PBS) at physioclogical pH

10 and concentration. Other conventional pharmaceutically
acceptable vehicles for parenteral administration may
be utilized as regquired for the site of parenteral
administration.

_' A representative preparation to be parenterally

15 administered in accordance with this invention will
normally contain about 0.1 to 50 mg, preferably about 5
ng, of labeled polyspecific antibody composite, in a
sterile soiution which advantageously alsc contains,
e.g., about 10 mg of human serum albumin (1% USP: Parke~

20 Davis) p'er' milliliter of 0.04M phosphate buffer (pH 7.4
Bioware)'”containing 0.9% sodium chloride. Once enough
of the MRI agent has deposited at the target site,
scanning is effected with a conventional MRI camera to
image the infection.

25 ' In a preferred embodiment of this invention, the
localization ratio of the primary labeled antibody
conjugate is enhanced through the use of a nonlabeled
second .antibody to scavenge non-targeted circulating
conjugate ‘and promote its clearance, as disclosed for

30 related imaging agents in Goldenberg, U.S. Patent No.
4,624,846, the disclosure of which is incorporated
herein in its entirety by reference. This technique is
likewise 'applicable to an antibody or antibody composite
conjugated to a therapeutic drug, as will be discussed

35  hereinafter. The term "localizatioh ratio" is utilized
in its conventional sense, i.e. the ratioc of target to

This Sheet Has Been
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Measl es: vi rus Adenovirus Human T-cell |eukem a viruses Epstein-Barr virus
Murine leukiema virus * Munps virus Vesicular stomatitis virus Sindbis
virus Lynphocytic choriomeningitis virus Wart virus Blue tongue virus
Sendai virus Feline |leukema, virus * Reo virus Pol io0 virus Siman virus
40 * Mouse mammary tunor- virus * Dengue virus Rubella Vi rus

* Ani mal virus Ant i - prot ozoan MAbs -27-

nontarget antibody conjugate. In general, the second

antibody is used in an amount that will enhance the

localization ratio of the primary antibody conjugate by

at least about 20 percent and typically by 50 percent or

5 more.

The second antibody may be whole IgG or IgM, or

a fragment of IgG or IgM, so long as it is capable of

binding the primary antiboedy conjugate to form a complex

which is cleared from the circulation and the non~target

10 spaces more rapidly than the primary antibody conjugate

by itself. Preferably, the second antibody will be

whole IgG or IgM. If the primary antibody is a fragment

of IgG or IgM, it is preferable that the second

antibody be whole IgG or IgM so that the primary/

15 secondary1cdmplex retains the capability of activating

the complement cascade. Conversely, where the primary

antibedy: is-whole . IgG, the second antibody may be. a
fragment.if the complex still retains complement-fixing -

capability.
20 It is preferred that at least one of the
primary/secondary pair be whole IgG or IgM. One

advantage of using IgM is that it forms a higher

molecular weight complex with primary antibody or with

detached conjugates, ie., diagnostic and/or therapeutic

25 principles such as . drugs, chelating agents, radio-

nuclides, and the like. ‘This will increase the rate

and effectiveness of clearance of non-target primary
antihody and/or principle, especially from blood.

The second antibody can be prepared by methods

30 disclosed in the aforementioned Goldenberg ‘846 patent.

Monoclonal anti-species Igc is also available and is

advantageously used as second'antibody in the present

process. Non-metallic conjugates, e.g., radioiodinated

linking groups or organic paramagnetic species such as

as nitroxides, can also be haptens to which the second

antibodygis'specific, '

\\\\\\\\\\\\\\\e\ii\‘ifﬁii“‘
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Plrasnmodi um f al ci parum Pl asnodi um vi vax Toxopl asma gondii Trypanosona
rangel i Trypanosoma cruzi Trypanosone rhodesi ansei Trypanosoma brucei

Schi st osona mansoni Schi st osona j apani cum Babesi a bovi s
-14- EIrrerlateneIIa -

-28~

The second antibody is injected into the subject
after a sufficient time has elapsed following parenteral
administration of the primary polyspecific antibody
conjugate to permit maximum uptake thereof by foci of

(] infection, typically about 2-72 hours following the
initial administration, preferably at about 4-48 hours
post-administration. If the primary antibody is not
administered intravenously, it may be advantageous to
administer at least a portion of the second antibody by

10 the same parenteral route. It is advantageous however,
to inject at least a portion of the second antibody
intravenously to accelerate clearance of primary
antibody which has diffused into the circulatory system.

An alternative or adjunct to the use of second

15 antibody to clear circulating labeled primary antibody
and enhance the localization ratio of the primary
antibody is utilization of image-enhancing subtraction
techniques as disclosed in the foregoing Goldenberg
patents as well as the references cited therein. This

20 is an art-recognized technigue wherein an indifferent
antibody or fragment is labeled with a radionuclide
capable of independent detection, and the labeled
indifferent antibody is injected into the subject .
This antibody has substantially the same kinetics of

25 distribution and metabolism as the primary antibody
during the period required for imaging. The injection
of such antibodies is preferred over conventional
subtraction agents, such as Tc-99m-labeled serum
albumin, which are nevertheless suitable for use to

30 enhance image processing by compensating for background.
The use of the radioclabeled indifferent antibody as a
subtraction agent permits computerized correction for
nontarget background radiation from organs which effect
clearance of antibodies from the circulatory systemn.

35 It will be appreciated by those of ordinary
skill in the art that the primary monoclonal antibody

Sheet Has Been Replaced

H|I|I|| Tt




Nl DL 2=2U-30 » Jg-1lorM FULLY & LARDNER DU A= 61 2 2615486;#55780

Onchocerca vol vul us Lei shnmania tropica Trichinella spiralis Theileria parva
Taeni a hydati gena Taeni a ovi's Taeni a sagi nata Echi nococcus granul osus
Mesocest oi des corti Anti nycopl asmal MAbs Mycopl asma arthritidis M
hyorhinis M orale M arginini Acholeplasma.laidlawii M salivariumM
pneunoni ae ' Addi tional exanpl es of s ‘generated agai nst infectious
nlcroorganlsns t hat have been described Th®The literature are noted bel ow.

and the indifferent antibody utilized as a subtraction
agent are preferably from the same species or myelowa/
hybridoma so that the second antibody will clear the
primary monoclonal antibody and the indifferent antibody

5 immunoglobulin from untargeted areas at substantially
the same rate. It is further preferred that the sacond
antibody be specific to a constant region of the primary
and indifferent immunoglobulin species. :

The amount of second antibody introduced will

10 generally be that amount which can decrease the
circulating primary antibody by 10-85% within 2-72
hours. The ratio of second antibody to primary antibody
which will affect the clearance will depend upon the
binding properties of the primary and secondary antibody

15 pair. Preliminary screening of patient blood in vitro
can be used to provide an initial estimate of the
appropriate ratio. The screen will be used to
determine the ratio of second antibody to primary
antibody required to obtain a precipitin band in, e.g.,

20 a gel diffusion test. This indicates the general range
of the molar ratio of second antibody to primary
antibody, which serves as a measure of the lower limit
for the ratio, since in vivo application may require a
higher ratio of second antibody to primary antibody than

25 is indicated by such in vitro tests.

In practice, the molar ratio of second antibody
to primary antibody will generally be in the range of
about 5-50,'although the range should not be considered
limitative. Molar ratios of second antibody to primary

30 antibody of 15-25, and preferably 20-25, have been found
to be advantageous where both the primary and the second
antlbody ‘are whole IgG.

Imaging preparations and kits can include second
antibody, in a separate container, for injection at an

35 appropriate time after administration of the antibody
conjugate.
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MAbs agai nst nmal aria parasites can be directed against the sporozoite,
nmerozoite, schizont and ganetocyte stages. Monocl onal anti bodi es have
been generated against sporozoites (circunsporozoite antigen), and have
been shown to neutralize sporozoites in vitro and in rodents (N Yoshida et

al ., Science 207:71-73, 1980). Se!gagl'groups have devel oped MAbs to
T. gondii, the protozoan parasite involved i n toxoplasnosis (Kasper et al.,
J. Immunol. 129:1694-1699, 1982; I1d., 130:2407- 2412, 1983). MAbs

have been devel oped agajpil, Fige! ARRItakins’ haee MHYhDoRRieRdnARee peen
found to act agai nst ny
cytotoxic effect on pathogens microbes that may infect
a human. They can be found in any of the readily
available art-recognized compendia of drugs and toxins,
5 such as the Merck Index and the 1like. Any such
antibiotic or cytotoxic drug can be conjugated to an
- anti-pathogen antibody or antibody composite to form a
therapy agent according to the present invention, and
the use of such a conjugate to improve the targeting of

10 an antibiotic or cytotoxic drug to a focus of infection
so as tao increase its effective concentration at the
site is a part of the present invention.

One or more antibiotic or cytotoxic drugs can be
conjugated to a polymeric carrier which is then

15 conjugated to the antibody or antibody composite, for
therapeutic use. In certain cases, it is possible to
partially. or completely detoxify a drug as part of the
antibody conjugate, while it is in circulation, which
can reduce .systemic side effects of the drug or .toxin-

20 and permit its use when systemic administration of the
drug would be unacceptable. Administration of more
molecules of the drug conjugated to a polymer which is
further cbhjugated to the antibody, permits therapy
while mitigating systemic toxicity.

25 The methodology of this invention is applicable
to the therapeutic treatment of infections by conju-
gating the primary antibody or antibody composite to an
antibiotic or cytotoxic drug or toxin. Art-recognized
methods of conjugating drugs or toxins to immunoglobu-

3o lins are described, e.g., in: the chapter by 0’Neill,
entitled "The Use of Antibodies as Drug Carriers," in
Drug carriers in Biology and Medicine, G. Gregoriadis,
‘ed., Academic Press London, 1979; Arnon et al., Recent
Results in Cancer Res. 75: 236',_ -1980; and Moelton et

35 al., Immunolog. Res. 62:47, 1982, showing art awareness.
These methods are'quite similar to the methods employed

This Sheet Has Been Reﬂlaced
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schi stosonmulae in vivo or in vitro (Sinpson et al. Parasitol ogy, 83:

163-177, 1981; Smth et al., Parasi- tology, 84:83-91, 1982, Gyzch et al.,

J . Inmmunol., 129:2739-2743, 1982; Zodda et al., J. |mmunol.

129: 2326-2328, 1982; Dissous et al. J. lommunol ., 129:2232-2234, 1982).
Trypanosoma cruzi is the causative agent of Chagas ' disease, and is '
transmtted by bl ood-sucking reduviid i ideCTts. "A MAb has been gener at ed

that specifically inhibits the differentlatlon of one formof the parasite

t o anot her (epl Stl | a

reacts with a c ? ?u%’gé}é‘s P;%%%r eleﬂﬁ owev r néﬂ ghg%tg?se% \gﬂiélent
fromthe nannalcansibgoouscreanjamh$m%:ofSFﬁb paﬁasﬁﬁé P§ﬁerh§¢ ria,

Nat ure, 300: 63% 54Gsed 98 BungiSulanab! @i ¥ebSehaysrdepeseus) opat dgailed NSt

of the mcroorgani sis acteri | ruses rotozoa heI ths nsi bl e
for the majorit§eded ?Hé‘gcqu n? l)? ?‘P%
previ ousl ysfor on antigenisWia:t@rmsthélheskemns)Odl es, and newer

.Mr?gfotv hat can be gener akggh PYnEPBYELLEOBR! cylBEBRIR aiiigs,’ Wiidiiaing,
e.g., tetracyclines, chloramphenicol, piperazine,
chloroquine, diaminopyridines, metroniazide, isoniazide,
rifampins, streptomycins, sulfones, erythromycin,

10 polymixins, nystatin, amphotericins, 5-fluorocytosine,
S~iodo-2’deoxyuridine, 1-adamantanamine, adenine
arabinoside, amanitins and azidothymidine (AZT), are
preferred for coupling to apprepriate specific
antibodies/fragments and antibody/fragment composites.

15 Various other potential antibiotic/cytotoxic agents for
use in this invention are listed in Goodman et al., "The
Pharmacological Basis of Therapeutics,” Sixth Edition,
A.G. Gilman et al, eds., Macmillan Publishing Co., New
¥York, 1980, showing general art awareness. Various

20 conditions appropriate and desirable for targeting drugs
to specific target sites have been reviewed e.g. by
Trouet et al., in Targeting of Drugs, G. Gregoriadis et
al., eds., Plenum Press, New York and London, 1982, pp.
19-30, .showing clinical knowledge of how such targeting

25 would Dbenefit patients suffering from infectious %
lesions. '

The use of a second antibody, as described ahove
in an imaging context, will increase the effectiveness
of the therapeutic agent according to the invention in

30 the same manner as for the diagnostic imaging conju-~
gate. The effectiveness of the thérapeutic agent is
expressed in terms of its therapeutic index which,
utilized in the conventional sense, is defined as the
ratio of therapeutic effects to undesirable side

35 effects. It is often defined in terms of a guantitative
measure of efficacy vs. toxicity in a standard model

as Been Reﬁaced
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targeting by use of MAb conbi nations, are appropriate for in vivo use as
I mgi ng and t herapy reagents, when they are conjugated with suitable
radi onucl i des and drugs. It is generally desirable to use
antibodies having a relatively high imunoreactivity, i.e., a binding
constant of at |east about |O[err]/nole, preferably at |east about
10[err]/ ol e, and high i mmunospecificity,~32=®., at |east about 40%
preferably at |east about 60% nore preferably at |east about 70-95% for

at hogen anti gens. However, it refer f.or certain
gppl i gat i ons, ge systewyr q-thgi fdre F&t&Qe°§y H‘ﬁogﬁﬁéaﬂagﬂ:\ﬁaﬁ gﬁﬁﬁv\,ﬁﬁpﬂip ower

bi ndi ng const anttd e emndd e e £ feviEinte AossA\N(EM esThve tiiséni gff beadhag
constants are antibody as described herein produces an increase in the
therapeutic index of antiviral antibody and antibody
L conposite conjugates by clearing nontarget bprimary
antibody and/or detached therapeutic principle. In
- addition to being specific to the primary monoclonal
antibody as discussed above, in the instance of the
therapeutic preparation, the second antibody can be
10 specific to the therapeutic agent. It can also be
specific to a carrier for the therapeutic agent.
Therapéutic preparations contemplated herein
comprise monospecific anti-pathogen antibodies/ frag-
ments as defined above, conjugated to a therapeutically
is effective radioisotope and/or antibiotic/ cytotoxic
drug, in a suitable vehicle for parenteral administra-
tion. 2 therapeutic preparation may likewise comprise
a polyspecific anti-pathogen antibody/ fragment com-
posite conjugated to a radioisotope and/or antibiotic/
20 cytotoxic drug.
It is advantageous in certain cases to combine
a drug with a radionuclide, especially where the
pathogen "“hides" or is somewhat inaccessible. The
longer range action of radionuclides can reach hidden
25 pathogen so long as some antigen is accessible to the
conjugate. Also, radiation can cause lysis of an
infected cell and expose intracellular pathogen to the
antimicrobial drug component of the conjugate.
Therapeutic preparations may also include a
30 separately packaged second antibody as described above.
Suitable vehicles are well known in the art and can
include, e.g., analogous sterile PBS solutions to those
used for administration of diagnostic imaging agents, as
discussed hereinabove.
35 The anti-microbial polyspecific imaging conju-
gates and mnonospecific or polyspecific therapeutic

e
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-16- likely to bind tightly not only to pathogens and their antigens at
the site of infection, but also to such pathogens and/or antigens present
in the circulatory system on the other hand, antibodies with a | ower

bi ndi ng constant will tend to accrete mainly at concentrated pathogen/
antigen foci by virtue of a type of mass action effect. This will reduce
premat ure cl earance and nontarget accretiyy. of the inmaging | abel and thus

i ncrease the effective anount for targeting the focus of infection.

Ant i body conjugates for imaging can be prepared by a variety of
conventional pi qugaa;%s raag;bﬁgihgontoi nthe dinwentiatehpdso | aRhgebeo nore

ant 1 bodi o andFGRATHENELY PERyAARH T s UiEApic U tiAgnostal ik
anot her, di rectﬁqr mmgiara@hm ter 3| Sﬁ@“s Pl‘fnR@ifeﬁﬁgePy, T¥PIGGh one
or nore functi g aﬁi’ Orokds aniiifte A1 begpEisgnmantvizl goontaiming cenadoxyl ,
ey o O e S o s PSS EENRE" LR0ahe LRk Rehde g 1 o0

a lyophilized preparation or in an injection vehicle.

If the conjugate is to be used for scintigraphic imaging

or for radioisotope therapy, it will generally be

provided as a cold conjugate together with reagents and

10 accessories for radiolabeling, in separate containers,

while MRI agents and therapeutic drug/toxin conjugates

will generally be supplied with a paramagnetic species

or an antibiotic/cytotoxic agent already conjugated to

the antibody/fragment composite or monospecific
15 antibody/fragment. The kit may further contain a

second, separately packaged,' unlabeled antibedy or

antibody fragment specific against the antibody or

fragment or the therapeutic agent, a carrier therefor, .

or a chelating agent for the radionuclide or para-
20 magnetic ion.

The imaging preparations and methods of this
invention are able to detect and image relatively small
foci of infection and are easy and safe to use. The
therapeutic reagents and methods of the invention

25 provide a means to target sites of infection with
radioisotopes and drugs to improve the therapeutic index
thereof, reduce their systemic side effects and enhance
their efficacy. _

Radionuclide immunoconjugates are particularly

30 effective for microbial therapy. After it has been
determined that labeled antibodies are localized at
infectious sites in a subject, higher doses of the
labeled antibody, generally from 20 mCi to 150 mCi per
dose for I-131, 5 mCi to 30 mCi per dose for ¥-80, or

35 5 mCi to 20 mCi Re-186, each based on a 70 kg patient
weight, are injected. Injection may be intravenous,

Sheet Has Been Replaced
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be wused, e.g., diisiocyanates, diisothiocyanates, bis
(hydr oxysucci ni m de) esters, car bodi i m des, , _
mal ei m de- hydr oxysucci nim de esters and the |ike. A sinple nmethod is

to mx the antibodies/ fragnents in the presence of glutaral dehyde to form
an anti body conposite. The initial Schiff base |inkages can be stabilized,
e.g., by borohydride reduction to secondagy-am nes. This nethod is
conventionally used to prepare other conjugates of proteins, e.g.,

per oxi dase- anti body conjugates for imunohi stochem cal uses or for

i munoassays. Ajgttaatbepigapatintralymphakddi,i intrathedsl uset iintxtarce of
gl ut ar al dehyde as onssite- LLd Lk 'éégﬂ' i C

anti bodi es can ﬁ%vﬁﬁaggbgléé\'/ér?%?%%*%i ehﬁ%%anlla%reh}eh%js, éd e

di sul fide cl cavea¥ el 2evYBRERFeIS of OFi SOMSsLRATIPHER QGa(ﬁ“igBrsé—f"é? ably

multiple, divided doses of antibody or antibedy
5 composite, thus providing higher microbial toxic doses
without usually effecting a proportional increase in-
radiation of normal tissues.
A variety of radionuclides are useful for
therapy, and they may be incorporated into the specific
10 antibody by the labeling techniques discussed above, as
well as other conventional techniques well known to the
art. Preferred therapeutically effective radionuclides
are astatine-211, bismuth-~212, yttrium=90, rhenium-186,
rheniumn~-188, copper-67, iodine-131, and iodine-125,
15 although other radionuclides as well as photosensi-
tizing agents are also suitable. '
A further aspect of the present invention
relates to the use of antibodies containing a signifi-
cant number of boron atoms, having at least the 20%
20 natural abundance of boron-10 isotope. The boron-
containing addend may be introduced by a variety of
methods, such as described in U.S. Patent 4,824,659
(Hawthorne), incorporéted herein in its entirety by
reference. <The boron-10-containing antibody can be
28 radiolabeled according to one or more of the above
procedures to produce an antibody containing both one or
more radiolabels for infection detection and/or therapy
and a high content of boron-10 atoms for the absorption
of thermal neutrons. Alternatively', the boron-labeled
30 antibody can be used without the attachment of a gamma-
emitting isotope to the antibody. The infectious
lesions are then irradiated with a well collimated beam
of thermal neutrons, which are preferentially absorbed
by boron-10 nuclei on the boron-containing addends, and
35 the activated nucleus decays répidly to lithium-7 and an

alpha-particle. These resultant alpha-partic les are

e ——
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-17- +F(ab')[err] fragnents, fusions of nore than one clone to form

pol yomas that produce i mrunogl obulins having nore than one specificity,

and by genetic engi neeri ng. The bi specific anti bodies can bind to one
or nore viral epitopes. Bispecific ("hybrid") antibody fragnents have been
prepared by oxi dative |inkage of Fab'. fragments resulting fromreductive

cl eavage of different anti- bodies. =~ A g®s+ion of these will contain
fragnents. specific to both of the antigens to which the ori ginal
antibodies were raised. Mre selective |inkage can be achieved by using a
het er obi funct i oeeskic) i rdmd  stheir apredwatdion dkildgdr adjageptni migroest er .

Reaction of the, Ko PIY | body/fragrrent w Il derivatize am ne
groups on the an%ﬁﬁ%lﬁmr agmant hen be r ct ed

an(i % Lvative can ttJ
with, e.g., an anti bodyAFzB?I?tr feFLive 3 SATHR U L
| ar ger fragnentp@thodd agid ioviposditdons brwthé mreddnid riyniveyritiors i:spp:hleded
thereto treatment of acquired immune deficiency syndrome (AIDS)
and the prodromal immunocdeficiency Known as AIDS-related
complex (ARC), due to HIV infection. While there is no
cure for AIDS or ARC, drugs that block reverse tran-
scriptase activity, which is a unique feature of the HIV
10 retrovirus, are being investigated in AIDS patients.
However, patients eventually become resistant and
relapse, thus requiring other therapeutic modalities.
AIDS patients develop circulating antibodies to
different HIV components, such as viral core antigens,

is envelope glycoprotein antigen complex, and transmembrane
protein. The major reactivity in AIDS patients is
directed against a possible viral envelope glycoprotein
of molecular:weight 41,000 (gp4l). It would not have:
been predictable'that antibodies could be useful for
20 targeting HIV in humans, since it might have been
expected that the patient’s own antibodies would
" saturate the target sites needed for targeting of the
exogenous HIV antibodies.
It is now found that exogenous monoclonal
25 antibodies to HIV, particularly antibodies specific to
certain envelope glycoprotein epitopes, have high
selectivity and affinity for the virus, and in fact can
be distinguished in terms of epitope specificity from
the naturally occurring human HIV antibodies. Immuni-
30 zation of mice with HIV envelope glycoprotein antigen
extracts have generated monoclonal antibodies that react
with different envelope antigen epitopes. single such
monoclonals, but preferably a combination of such
antibodies, are preferred antibody components of the
35 antibody conjugate according to the invention, for use
in HIV infection detection, imaging and therapy.

This Sheet Has B
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by, e.g., Traut's Reagent). Such a linker is less likely to crosslink
groups in the sanme antibody and inproves the selectivity of the |inkage.

It is advantageous to |ink the antibodies/ fragnents at sites renote
fromthe antigen binding sites. This can be acconplished by, e.g., |inkage
to cleaved interchain sul fhydryl groups, as noted above. Another nethod

i nvol ves reacting an anti body whose carbefgdrate portion has been oxi di zed
wi t h anot her anti body which has at | east one free am ne function. This
results in an initial Schiff base (imne) |inkage, which is preferably
stabilized by rmjtletnmtnv@lxa, s doawatar yomni admiang. ankibpdigRy dcRRe be

reduction, to f fg&}%@ tﬁ&ﬂ’:‘oﬁbfes hyf%xféﬂ@t&nﬂ: '1fxﬂnﬁlddq1|ﬁlﬂﬁiliir e

di scl osed, for ecul es or des or_for e, pol
supports, in U. 5013%@% 4’@71?’95 I’“%%dsaddéﬁgs f%caée
No. 4, 699 784. targeting agents by thej-r ahllity to target (e. 9., b}'

5 immunofluorescent staining methods) HIV-infected cells
in vitro. Human antibodies are preferably those which
target epitopes on the virus that are different and
separate from major antigenic sites. Simian antibecdies
are preferably produced in animals in which successful

10 models of HIV infection have been achieved. Monoclonal
human or simian antibodies can be produced by known
techniques, involving, e.g., transfection of mouse
myeloma célls with human or simian DNA for antibody
production, as disclosed, e.g., in Gillies et al.,

15 Biotechnolegy, 7(8):799-804, 1989; Nakatani et al.,
Biotechnology, 7(8):805-810.

Thus, a composite HIV antibody preparatien,
conjugated to a radionuclide, e.g., bismuth-212 or
another short-range alpha-emitter, or to an inhibitor of

20 reverse transcriptase, can be used at therapeutic doses
of the radionuclide or drug to effectively treat
patlents with AIDS.

cther diseases also have proven to be resistant
or refractory towards systemic chemotherapy. These

25 include various viral, fungal, bacterial and protozoan
infections, as well as particular parasitic infections.
Other viral infections include those caused by influenza
virus, herpes virus, e.g., Epstein-Barr virus and
cytomegalovirus, rables virus (Rhabdoviridae) and

30 papovavirus, all of which are difficult to treat with
systemic antibiotic/cytotoxic agents. Use of antibody
conjugates, especially conjugates of antibody/fragment
composites, to target such virus provides a signifi-
cantly higher therapeutid index for antiviral drugs and

35 toxins; thus enhancing their efficacy and reducing
systemic side effects. Targeted radioimmunotherapy with

i \mii i \\ﬁ‘“““
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si'm | ar- reactions can be used to bind a plurality of antibodi es and/or

anti body fragnents, e.g., Fab or F(ab')[err] fragnents, to one another to
form pol yspecific conjugates or conjugates with nore than one epitopic
specif icity for a pathogen or its antigen to increase its binding affinity
or efficiency to.the target site. BlspeC|f|c conjugates can be linked to
an anti body/fragnent specific to a third=3#surth or furthef epitope using,
e.g., a heterobifunctional naleimn de- hydroxysu00|n|n1de ester Ilnker to

d t t th

f reglg\r/r:nlt ’ ﬁa\al1 |n n S@Qg?e}lgﬁggg I f?f*gd Mﬁ'gf’géﬁs? g%?b%%&??y r od u cc %& :
reagent such astﬁereoﬁowhtblthnrapeut#¢uﬂdﬂ&91SQ#Gﬂﬁ§rﬁingiuﬂﬂngI@@ImaadlIy
apparent o t heag5ghag" xcéﬂ%sﬂlér&i&? B LSRN Hldivort S GRS v

bi specific conposite orna I on, require only mnor -variation and
adapt ati on of sHERFARFROES. ant1v1ra1 therapy.
5 Protozoans that are relatively resistant to

systemic  chemotherapy include, e.q., Plasmodia
(especially P. falciparum, the malaria parasite),
Toxoplasma gondii (the toxoplasmosis infectious agent),
Leishmaniae (infectious agent in leishmaniasis), and

10 Escherichia-histolytica. Detection and treatment of
malaria in.its various stages is significantly enhanced
using'the'antibody/fragment conjugates of the invention.

As noted above, MAbs that bind to sporozoite antigens

are known. However, since sporozoite antigens are not

15 shared by blood stage parasites, the use of MAbs against
sporozoite antxgens for targeting is 1limited to a
relatively short period of time in which the spor0201tes.
are free in the circulation, prlor to and just after
injection of and development in the host’s hepatocytes.

20 Thus, it is preferable to use a mixture of MAbs or a MAb
composité against, e.g., more than one parasite stage of

P. falciparum, as a targeting agent for the more
effective't:eatment of malaria in humans that are not
responding to conventional chemotherapy. The MAbs are

25 conjugated to a  suitable radionuclide for imaging
= {e.qg., Tc499m) or for theraby (e.g., astatine-211;
rhenium-186), or with an antimalarial drug (e.g.,

pyrimethamine) for more selective therapy.

Toxoplasmosis is also resistant to systemic

30 chemothérapy._ It is not clear whether MAbs that bind
specifically to T. gondii, or natural, host antibodies,

can play a role in the immune response to toxoplasmosis

"but, as in“the case of malarial parasites, appropriately
targeting MAbs are effective vehicles for the delivery
35 of therapeutic agents. '

i
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The anti body conponent of the conjugate can be | abeled with or conjugated
or adapted for conjugation to, a radioi sotope for sci ntigraphic imaging
or a ‘magnetic resonance i nage enhanci ng agent, for use as a diagnostic

I magi ng agent. Any conventional nethod of radiolabeling which is suitable
for | abeling proteins for in vivo use will be 'generally suitable for

| abel i ng the conposite. This can be achi®¥®d by direct labeling with, e.g.,
a radioi sotope of a halogen or a nmetal ion, using conventional techniques

o adi omotal or par amngRETTRCT AR S g 2 4RIV Tl “RoadaRen '
attachment to aimfecties, ai® imitidbedvby Ereee-soridining cerichrddeathatan and
one discl osed | ¥gcabifeh by e sttty pashe Vo2l x20 AR
4,361,544,  4,968Madaria, suhene are gifiexsnt gpkages\of cgercardae
derivatives ofinwediyédnin thanintéetioascprocessi d MABEDERAt bafRd to

di et hyl ene- a plurality of stages of cercariae, optiocnally to a

plurality of epitopes on one or more thereof, and

preferably in the form of a polyspecific composite, can
be conjugated to an imaging or therapy agent for

10 effective targeting and enhanced therapeutic efficacy.

MAbs that bind to one or more forms of
Trypanosocma <cruzi, the causative agent of Chagas’
disease, can be made and used for detection and
treatment of this microbial infection. The MAb noted

15 above which reacts with a cell-surface glycoprotein, as
well as MAbs reactive with other surface antigens on
differentiation stages of the trypanosome, are suitable
for directing imaging and therapeutic agents to sites of:
parasitic infiltration in the body.

20 Another very difficult infectious organism to
treat by available drugs is the 1leprosy bacillus
(Mycobacterium leprae). Antibodies that specifically
bind to a plurality of epitopes on the surface of M.
leprae can be made, e.g., by challenging a mouse with

25 attenuated or fragmented M. leprae or its surface anti-
gensg, and these can be used, alone or in combination, to
target imaging agents and/or antibiotic/ cytotoxic
agents to the bacillus.

Helminthic parasitic infections, e.g., Strongyl-

30 oidosis and Trichinosis, themselves relatively refrac-
tory towards chemotherapeutic agents, are suitable
candidates for antibody-targeted diagnosis and therapy
according to the invention, using antibodies that bind
specifically to one or, preferably, to a plurality of

35 epitopes on the parasites. -
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-19- . triam nepentaacetic acid (DTPA). These typically have groups on the
si de chain by which the chelator can be attached to an anti body.

Al ternatively, carboxyl or am ne groups on a chelator can be activated and
‘then coupled to an anti body by well known aet hods. For exanpl e,

def oroxam ne, which is a chelator for Ga-67, has a free am ne group that
can be activated with a suitable |inker %@ contain an activated car boxyl

i sot hi ocyanate or |ike group, and then coupled to am nes on an anti body.

lThe chel ator may be bo?m;iﬁa%dtﬂ% QPEQ@Q&’laﬂié%%'d&r%a%*ﬂ?“ﬁE f‘a§9€§t or
ong chain I'inker noiefy “Through one or nore functional groups on e
anti body, e.g. that nepeeifieaily pHA} | tor mest oPLhEhe x FICHARRS. a0dr i ous
conventional Igateditest ¥espefsibiedforetle, majority of infections in
humans, as illustrated by the foregoing disclosure and
5 citation of references. Many of these have been used
previously. for in vitro diagnostic purposes and the
present invention shows their utility as components of
antibedy coﬁjugates to target diagnostic and therapeutic
agents to sites of infection. Microbial pathogens and
10 invertebrate parasites of humans and mammals are
organisms with complex life cycles having a diversity of
antigens expressed at various stages thereof.
Therefore, ta:geted treatment can best be effected when
antibody = conjugates which recognize antigen
15 determinants on the different forms are used in
combination, either as mixtures or as polyspecific
conjugatgs,"linked to the appropriate therapeutic
modality. The same principle applies to using the MAb
reagents for detecting sites of infection by attachment
20 of imaging 1agents, e.g., radionuclides andjor MRI
enhancing agents. ' o
To' the extent that the therapeutic radio-
isotopes, drugs, toxins and other cytotoxic agents
produce hematopoietic toxicity as a side effect of their
25 administration, administration of an effective amount of
a cytokiné, especially a lymphokine or other growth
factor, to mitigate or prevent such téxicity and to
stimulate marrow production, is advantageous and is a
part of the invention. Such administration will be
30 effected analogously to that disclosed in commonly
assigned and copending U.S. Patent Application Serial
No. 174,490, the entire disclosure of which is
incorporated herein by reference.
Without further elaboration, it is believed that
35 one skilled in the art can, using the preceding
description, utilize the present invention to its

e
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di i sogyanates, diisothiocyanates, carbodiimdes, bis- hydroxysuccini m de
esters, nmal ei m de-hydroxysucci nimi de esters, glutaral dehyde and the |ike,
preferably a selective sequential |inker such as the anhydride-

i sot hi ocyante |inker disclosed in U S. Patent 4,680, 338. ' Label i ng,
with either - lodine-131  (1-131) or lodine-123 (1-123), is readily
effected using an oxidative procedure whgg-ein a m xture of radioactive
pot assi um or sodi um i odide and the antibody is treated with chl oram ne-T,
e.g., as reported by G eenwood et al, Biochem J., 89, 114 (1963) and
modi fi ed by MCSmide@ptet extentnt . AThe ApldewingpoPrefertadl . speoifiss

(t1969) T[nh S retaﬂﬁoam&rllddg elai—eSLtbféﬁéﬂ&wntsf ueoou:a@sﬁ-@éadfsy H¥Le Dy gln
atonms on e an nmol.ecul e, pre ine_resi.dues, possibly
al so on tryptop “%d'aé’\;éﬁ?'oﬁhﬂhﬂﬁ le%s‘flg QQ ﬁthe
proportions of rdagdrisnrendr ayr emgt mnat@mwem.ons. Al ter natively,

| act oper oxigdase i odi nation may be used, as described by Feteanu, supra,
page 303, and references cited therein. Some nore advanced mnet hods
of labeling are disclosed in pending apEk8dBkESns u.s. Serial Nos.

In the following examples, all temperatures are
set forth uncorrect in degrees Celsius. Unless other-
10 wise indicated, all parts and percentages are by weight.

Example 1

Specific murine monoclonal antibody to HIV~gpl60

1s Mice are hyperimmunized with the gpl160 envelope
precursor-protein of HIV-1. Spleen lymphocytes from the
hyperimmunized animals are fused with SP2/0 myeloma
cells and the fused cells diluted in HAT in microtiter
plate wells. After 10 days the supernatant from wells
20 containing growing hybrids are tested by ELISA for
reactivity with gp160. Wells containing monoclonal
antibodies reactive with gpl60 are subseguently screened
for reactivity with HIV-1 envelope proteins gpl20 and
gp4l (gpl60 products). Clones specific for gplé60 which
25 are not blocked by antibodies in human serum from
seropositive AIDS patients, are subcloned. Four clones
with high specificity and affinity, at least two of
which can bind to HIV in the presence of one another
(hereinafter, collectively MAb-160s, and individually
30 MAb~160sl, MAb-160s2, MAb~160s3, MAb-160s4), are each
expanded in culture, and used to produce ascites fluid
in Balb-c mnice. Each MAb-160s is purified from the
ascites fluid by affinity chromatography on protein A.
The clones are determined to be of IgG,ubclass and are
35 used to prepare conjugates.

Sheet Has Been Replaced
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-20- . 742,436 (6-7-85), 084,544 (8-12-87), and 176,421 (4-1- 88). The

di scl osures of all of the foregoing patents and applications are

i ncorporated herein in their entireties by reference.

A wi de range of

| abel i.ng" t echni ques are disclosed in JFeteanu, "Labeled Antibodies in
Bi ol ogy and Medicine ", pages 214-309 (I\/bGr aw Hi'l'l Int. Book Co., New York

et al, 1978).

20, 428 (1979);
al. J. Nucl.

The introduction of variou3%&Btal radioi sotopes may be
acconpl i shed according to the. procedures of V\agner et al, J. NucI Med.

R e e

illustrative ofbehusadnynnpanmdstsfthau|dbanotlhgve 51gn1f1cant blood

i0

15

20

25

30

35

levels of the antigen or significant blood levels of
antibody that block b:md:mg of the anti-HIV monoclonal
antibody.

Example 2
Preparation of 99m-Tc-MAb-160sl1~FAb’ i in_ agent

Purified MAb-160sl, prepared according to
Example 1, is converted to the F(ab’), fragment with

pepsin and the divalent fragment converted to Fab’ by
reduction with cystine. After removal of cystine by gel
filtration, the Fab’ is compounded with a buffered
reducing agent, preferably SnCl,, and lyophilized. 9%m=
Tc-MAb~160s1~Fab’ is prepared 5just prior to patient
injection by adding 20 mCi of 99mTc-pertechnetate in

sterile saline to the vial containing the lyophilized: -

MAb-160S1-Fab’.

Example 3

ti =I-MAb-160s1+2-F(ab’),

Purified MAb-160s1 and MAb~160s2, prepared
according to Example 1, are each converted to Fab’
ffagnents as described in Example 2. The thiol groups of
the MAb~160s2 fragments are capped with iodoacetamide

and the capped fragment is derivatized with maleimide-

hydroxysuccinimide p-nitrobenzoate ester, and the
fragments are separately purified by gel filtration.

The purified fragments are reacted with one another to

form a chemically linked bivalent composite with dual
specificity for the gp-160 antigen. The composite is
radioiodinated with I-131 by the éhlqramine-:l‘ method, to
achieve an activity of 180 mCi per dose.

| Ilslliietliliiliaeenllleﬂl
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proteins known to the art. Exanpl es of conpounds useful for MR

i mge enhancenent include paramagnetic ions, e g., G(I11), Eu(lll),
Dy(1ir), Pr(itl), Pa(lVv), M(ll), C(Iil), Co(lil) , Fe(lll), Qu(ll),
Ne(HE), Ti(lir), and V(IV) ions, or radicals, e.g., nitroxides, and these
woul d be conjugated to a substrate beari ng paramagnetic ion chel ators or
exposed chel ating functional groups, e.g.-43H, NHerr], COOH, for the ions,
or linkers for the radical addends. The MRI enhanci ng agent nust be
present in sufficient amounts to enabl e det ﬁction by an external canera,
usi ng magnetic field strengths which a bly attainable and
conpatible with patient safety and instrunental design. The requirenents

for such agents ISre vveli.kgﬁwn Hi the art for those agents which have their
ef fect upon wat medi um and are disc|osed, inter alia,
in, e.g., Pykett, ScientAf3%& yeas cddnmademabientgis baing draated with Am

J. Radiol, g41: 1289 £A38Kecomes resiétaﬁtwebl tuadai-&tgqoéxbws v he
same net hods for introducing,metals ecthé g R:he f rm of l.at es,
into antibodi es B#412BELFEN: 4B "?o?l?ﬂ t odtitt PERLOA“RR @é‘ﬁfs ai“g Pase’

" antibody conjugad®ily episodes of chills and fever. An immunoscinti-
graphy study is performed using an imaging agent
prepared according to Example 2. To the vial containing

10 1 mg of lyophilized Fab’ is added 20 mCi of generator-
produced sodium pertechnetate in PBS. After S5 minutes,
the imaging agent is injected and the patient is scanned
3 hours later with a gamma camera in SPECT/mode.
Intense -f'o'ci of bound Tc-99m are cobserved in numerous

15 lymph nodes and in the spleen.

Analogous detection and imaging of other viral
infections can be effected using single antibody or
multiple antibody radiclabeled or MRI enhancer-labeled
conjugates, according to the general methods illustratead

20 in the foregoing examples.
g;gamgle 5
S er .
25 The patient of Example 4 is given a 5 mCi

dosimetry injection of 131-I-MAb-160s1+2~-F(ab’),, =
prepared from an aliquot of a standard dose according to
Example 3. Planar imaging using a gamma camera shows
intense accumulation of I-131 in the same sites imaged
30 with 99m-Tc-MAb-160s~-Fab’. Blood pharmacokinetics
indicate that the patient can be safely treated with 180
mCi of the radioiodinated MAb. He is injected with 180
mCi of 131-I-MAb-160s-1+2-F(ab’),. Over the course of
the next two weeks, blood levels of P24-HIV antigen drop
3s vapidly and antigen is undetectable after 3 weeks. A
second imaging study after four weeks with 99m-Tc-MAb-

This Sheet Has Been Repl
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R . -21- of the invention to forminmagi ng agents
for infections. MRl agents advantageously have a | arge nunber of para-
magneti c ions or radicals for enhanced i magi ng. One nethod for introducing
a plurality of such ions is to load a carrier polyner with chel ates and
link the carrier to the antibody conposite, preferably site- specifically
at a site renote fromthe antigen bindi rg#3rtes of the conjugate. This has
t he advantage that | arger nunbers of chelators can be attached to the

anti body at fewer sites on the anfibody jtself , so that ipmunoreactivity
is not as seri ckRIS-EaRfpriFiaegative, failing to show localization of

bound Tc-99m in lymph nodes or spleen. At this time,
the patient shows other signs of improvement, with
abatement of fever.

S Analogous anti~-viral therapeutic conjugates can
be made for treatment of other viral infections, using
the general methodology illustrated in the foregoing
examples.

10 EXAMPLE 6

ti- 1 anti ies
Mice are hyperimmunized with nerozoites from
Plasmodium falciparum. Spleenocytes from the hyper-
15 immunized animals are fused with SP2/0 myeloma cells and
the fused cells diluted in HAT in microtiter plate
wells. After 10 days, the supernatant from wells
containing growing hybride are tested for specific
binding to merozoites bound to polyacrylamide beads with
20 glutaraldehyde, using an I-125~labeled rabbit anti-mouse
IgG. Hybridoma clones from wells containing merczoite-
binding monoclonal antibodies are subcloned. Three of
the 20 positive clones, each of which can bind to
merozoites in the presence of one another (hereinafter,
25 collectively a-mer-MAb, and individually as-mer-MAbl, a-
mer-MAb2 and a-mer-MAb3), are each expanded in culture,
and used to produce ascites fluid in Balb-c mice. Each
a-mer-MAb is purified from the ascites fluid by affinity
chromatography on protein A. The clones are determined
30 to be of IqG, subclass and are used to prepare
conjugates.

By a completely analogous route, three clones
that bind specifically to P. falciparum sporozoites
(hereinafter, collectively a-spo-MAb, and individually

35 a-gpo-MAbl, a-spo-MAb2 and a-spo—-MAb3) are made,
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anpl es of polyners that are useful for |oading the antibody wth

"~ thel'ator include, e.g. pol yol s, pol ysacchari des, polypeptides and the
| i ke, such as those disclosed in, e.g., US Patents 4,699,784 (Shih et al)
and 4, 046, 722 (Row and). one type of polysaccharide is dextran.

The chelator can be functionalized to contai-n reactive groups:towards the
dextran hydroxyls, e.g., anhydrides, | socyanat es or isothiocyanates and the
like. Alterna- tively, déxtran can be derivatized in a nunmber of ways,

e.g., by conversion to an am nodextran. It will be appreciated that
sim | ar nethods eipandea daafascives+produged monvelonylsfarie usundt bedl es on

an antibody or mgybggz SSZQB“SQE%mﬂédV\tL'bQ%Q ehd> %ﬁgy%’% uga%e with an

herei nafter. € process preparing an an

- am nodextran (AD) carrier normally starts with a dextran pol yner,

advant ageously a dextran of average nol ecul ar wei ght (MAN of. about

10, 000- 100, 000, prefer- ably about 10,000-40,000, and nore preferably about
15, 000. Th& dextran is then reacted vmﬁ*@%%ﬁgﬁld|2|ng agent to effect a
controlled oxidation of a portion of its carbohydrate rings to generate

al dehyde grouDsPrLBSratigg of Anti-malarial Conjugate
' Each of the purified a-mer-MAbs and a-spo-MAbs
prepared according to Example 6 is converted to a Fab’
10 fragment with pepsin, followed by cystine reduction,
analogously to the procedure of Example 2, and the
fragments are capped with excess iodoacetamide. To an
equimolar mixture of the =six different capped Fab’
fragments, in agueous solution, at pH 4.5, is added a
15 50~fold molgr excess of glutaraldehyde, followed about
5-15'miﬂﬁtes later by a 30-fold molar excess of pyri-
methamine (each relative to the total number of moles of
antibody fragments), and the mixture is incubated for 6
hr at 37°C. The resultant conjugate has an average of
20 2-3 Fab’ fragments and 5-10 pyrimethamines per conjugate
molecule. The conjugate is freed of low molecular
weight reagents on a short polyacrylamide gel column and
sterile filtered.

25 | EXAMPLE 8
Malaria Therapy _
A patient suffering from a late stage attack of
P. falciparum malaria and experiencing chills and fever
30 is infused with a solution of the anti-malarial
conjugate according to Example 7, in physiological
saline. 'A'rapid drop in blood levels of merozoites is
observed and'the chills and fever subside within a few
hours. The patient’s liver re;éiVas both merozoite-
35 conjugate complexes and uncomplexed conjugate, both of
which release 'pyrimethamihe to sporozoites, thereby__

————
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oxi datjon is conveniently effected with glycolytic

-22- chem cal reagents, e.g., NalJerr], according to conventi onal

pr ocedur es. It is convenient to adjust the anmount of oxidizing agent
so that about 50-150, preferably 100 al dehyde groups are generated, for a
dextran of MAMof about 40,000, with about the sanme proportion of al dehyde
groups for other MN dextrans. A | ar ger ARMer of al dehyde groups, and
subsequent am ne groups, is |ess advantageous because the pol yner then

behaves more |1 ke RQI MY Pecdrehid JPUERY obeauklS TR L4asedsn! " 82bG
hydrolytic cleavage of the Schiff base 1linkages to
pPyrimethamine produces a prolonged plasma level of the
drug which also effects a suppressive cure of the
5 infection. Frequent monitoring of the patient’s bload
permits the infusion to be adjusted to achieve optimal

drug levels and therapeutic effect.
Analogous conjugates using single or multiple
antibody/fragment conjugates of drugs or radionuclides
10 that bind to toxoplasmosis protozoan antigens,
schistosomal antigens, trypanosomal antigens, bacterial,
fungal and other microbial or parasitic antigens can be
produced by variation of the foregoing illustrative
methods in ways that the skilled artisan will appreci-
15 ate, and the infections caused by such pathogens can be

treated using these conjugates.

EXAMPLE 9
20 Specific monoclonals to Mycobacterium leprae

A series of monoclonal antibodies that specific-
ally bind to leprosy bacilli are produced by hyperimmu-
nization of mice with a sonicate of Mycobacterium
leprae, fusion of resultant splenocytes and screening of

25 clones for specific binding to the bacilli by conju-
gating supernatant from wells containing growing hybrids
with fluorescein, incubating the conjugates with fixed
M. leprae, washing, and detecting bound antibodies under
u.v. light. Four positive clones are subcloned,

- 30 expanded and ascites-produced antibodies are purified
according to procedures analogous to those of Example 1.
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| oadi ng of the chelator or boron addend, which may be di sadvant ageous.
The oxi di zed dextran is then reacted with a polyam ne, preferably a

di am ne, and nore preferably a nono- or poly-hydroxy diam ne. Suitable

am nes i.nclude, e.g., ethylenediam ne, propylenedianmne or simlar

pol ynet hyl endadi am nes, diethyl enetriam ne or |ike pol yam nes,

1, 3-di am no- 2- hydr oxypr opane or ot herw seglike hydroxyl ated di am nes or
pol yam nes, and the |ike. An excess of the amne relative to the al dehyde
groups can be used, to insure substantially conplete conversion of the

al dehyde functions to Schiff base (i EXAMPLE d0ps. Reducti ve
stabilization of the resultant internediate is effected by reacting the
Schi ff base |nterrred| ate W|th a reduci ng agent, , - 4. .NaBH err],

NaBH[ er r] CN, or&%&s$ on af LePEQSY alerabey »
assure substantial l y coprplmi:et\nfeduotl othef ﬂdu mtmecgonams at idvohivasia 1 y

‘am ne groups, & t y r SRy dapxy!

gr oups. he ?ﬁgu § g Agg lﬂg tge %?é er purﬁyﬁ%’%y pass é&qﬁhrough a
- conventional siPengodatentot §1ﬁéﬁsvéncﬂ8'§§agpl Sife @nee JUGRYS Tesi i¥mte of
the nunber of aypkl eBkrPobid¥aity FEgiend' OURE &RihBeekbrsAntbe whfihctfhd by

average of twenty carboranes are attached is reacted
with the oxidized antibody, and the Schiff base
10 conjugate is stabilized with borchydride. The resultant
conjugate is radioiodinated with I-131, analogously to
the procdure of Example 3, to achieve an activity of 70

mCi per dose.
s EXAMPLE 131

Leprosy Therapy
A patient suffering from acute, disseminated

leprosy, with high fever and numerous skin lesions, that
20 has been refractory to conventional chemotherapy, is
infused intravenously with a 70mCi dose in saline of the
conjugate produced according to Example 10. Gradual
reduction in fever occurs, with localization of the
conjugate at the sites of subcutanecus lesions and in
25 other foci, which are detectable by gamma scintigraphy.
After five days, non-localized conjugate is substanti-
ally cleared and excreted, but lesions and foci of
infection still contain bound conjugate. The patient is
then exposed to a collimated thermal neutron beam,
30 focussed on the scintigraphically detacted lesions and
foci of infection. Within the following week, signi-
ficant necrosis at the site of the lesions is observed,
and regeneration of tissue commences at the borders of
the lesions. Conventional chemotherapy is then resumed,
35 with further improvement shown, permitting eventual

successful management of the patient.
This Sheet Has Been Reﬂlaced
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reactipn of a weighed sanple with trinitrobenzene- sulfonic acid and
correlation of the optical denS|ty at 420 nmwith a standard. This nethod

normal ly results -23- in essentially
conpl ete. conversion of the cal cul ated nunber of al dehyde groups to primary
am ne groups on the AD. : Alt ernati vely; the dextran can be

derivatized by conventional methods for jpyroducing amne functions, e.g.,
by reaction with cyanogen brom de, followed by reaction with a di am ne.

- The AD should be reacted with a derivative of the particular drug or
chelator, in an The preceding examples can be repeated with

similar success by substituting other described

reactants and/or operating conditions of this invention

for those used in the preceding examples. Thus,

5 antibodies to other human disease-producing pathogens

and/or their antigens, e.g., any of the other
illustrative pathogens enumerated herein, can be

produced and incorporated into imaging ana therapy
agents according to the invention, and can achieve

10 successful diagnostic and therapeutic results in
patients. '

From the foregoing description, one skilled in

the art can easily ascertain the essential characteris-

tics of this invention and, without departing from the

15 spirit and scope thereof, can make various changes and
modifications of the invention to adapt it to various

usages and conditions. |
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activated form preferably a carboxyl-activated derivative, prepared
By conventional means, e.g., using dicycl ohexyl carbodiinide (DCC) or a

wat er sol ubl e vari ant théreof. It will be appreciated that the
foregoing is nmerely illustrative of art-recognized nethods for appendi ng
radi oactive | abel s and/or drugs or toxins to antibodies/fragnents and that

ot her nethods can be used to prepare conjuggtes accord “mﬂmi‘_on.
The scintigraphic imaging nethod of the invention is p“mnm“ m/ ting
a human patient parenterally with an effective anpunt fer &citnti’grd&phfc .

-1 magi ng of the rwHA®Dl 25eCRAIMBDI b8cy conj ugat e. By parenterally S
meant , e.g., I ntravenously, intraarterially, intrathecally,
interstitially or intracavitarily. It _is contenplated that a subject wl]l

recei ve a dosagelef f&ofifepdde injectablsy prepagia oM ekayIesingyt e,
the anount bei nggachyneti pnfektiba RArai Rukan patientpteasprisingpe of

200 nei | pPeerably about 8% AB. Siyithy &F SREYBhAYCEEARRRHR (ahidhl
about 8 nCi, of 1-123; abindsltelOanCiepiteper abl ya alsddgle) sprChesTEOIM
about 2-5 pathogen or an antigen derived therefrom, or
(b) an immunoreactive composite of a
plurality of chemically linked antibodies or
10 '  antibody fragments which bind to a plurality of
epitopes on a single species of pathogen or an
antigen derived therefrom;
said antibody or antibody <fragment or
‘composite being conjugated to at least one
15 diagnostic or therapeutic agent to form an
| antibody conjugate; _
in combination with a pharmacologically acceptable
sterile injection vehicle.

20 2. The use of
(a) an antibody or antibody fragment which
binds to an epitope on a single species of
pathogen or an antigen derived therefrom, or
(b) an immunoreactive composite of a
25 plurality of chemically linked antibodies or
antibody fragments which bind to a plurality of
epitopes on a single species of pathogen or an
antigen derived therefrom;
said antibody or antibedy fragment or
30 composite being conjugated to at least one
diagnostic or therapeutic agent to form an
ahtibody conjugate;
in the preparation of an agent for use in a method of
diagnosis or therapy of a focus of infection, wherein a
35 patient infected with a @pathogen is injected
parenterally with said antibody conjugate, and the

This Sheet Has Been Reﬂlaced
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nCi, preferably about 4 nC of In-111 or Ga-67. Anmounts of other inmaging
radi onuclides will be readily deter- mned by the ordinary skilled artisan,
by reference to the above isotopes and in view of the-half-Iife-of the

- 24- nucl i de and the size of the anti body/fragmant/mgmﬁy te to which it

is to be conjugated. . The radi ol abel ed~anti bo ulﬁ l' Evenl -
ently provided as an injectable preparati cigd-or bly a

sterile injectable prepara- tion for human use, for targetlng a

scintigraphic imging agent to a focus of infection, preferably
conjugated diagnostic or therapeutic agent is targeted

to said focus, whereby the diagnostic or therapeutic
function thereof is effected.

S 3. A preparation or use according to claim 1 or 2,
wherein said diagnostic or therapeutic agent is selected
from the group consisting of a radioisotope, a magnetic
resonance image enhancing agent, a therapeutic radio-
isotope, a boron addend, an anti-pathogenic drug or a

10 cytotoxic agent. '

4. A preparation or use according to claim 1 or 2,
wherein said antibody conjugate specifically binds to
one or a plurality of accessible epitopes of said
- 15 pathogen or pathogen-associated antigen which are not
saturated or blocked by the patient’s native antibodies.

5. A preparation or use according to claim 1 or 2,
wherein said antibody or antibodies or antibody fragment

20 or fragments are monoclonal antibodies or fragments
thereof. ' :

6. A preparation or use according to claim 1 or 2,
wherein said immunoreactive composite conjugate' is a
25 conjugate of an antiserum.
7. A preparation or use according to claim 6, wherein
said antiserum is affinity purified by: removal of
antibodies which bind to antigens associated with said
30 pathogen circulating at a significant level in the
patient’s bloodstream; andf/or by contact with bound
pathogen or pathogen-associated antigens, and subsequent
recovery of antiserum enriched in antibodies that bind
to said pathogen or pathogen-associated antigens.
35

is Sheet Has Been Reﬂlaced
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conprising: a sterile injectable solution containing an effective anount of
.the radi ol abel ed conjugate in a pharmaceutically acceptable st erile
i njection vehicle, preferably phosphat e- buf f er ed sal i ne ' (PBS) —-at-

physi ol ogi cal pH and concentration. O her conventi onal

acceptabl e vehicles may .be utilized as requited for t H @?,é
adm ni stration. A representative psgparation to* be? pare

adm ni stered in accordance with this invention will normally contain about

0 .1to 20 ng, preferably about 2 ng, of. radiolabeled. anti body conj ugat e,
in a sterile sol i onAwpreParadion: R ouseyageordidgt Ainsclain. 1 amwug, 10

my of human seru %a(ﬁé%gmofé{ ks DY ﬁkap%rr rnmwifﬁ Qélacﬁé&ﬂ

phosphat e buffer Bi oware) contajning 0, 9% sodi um chl orid
Once enough isot & Q%aghﬁeﬂﬁ‘?"tfbdcal’s%ﬁ "’E‘ﬁr uman st‘:‘&’ﬁ‘r‘ﬁ‘?@efﬁcéFPEBt ed
‘W th either a comienis oq#IV),anherped/ oviBRECT ggptomegalevirus, biabiasof a

hand hel d ggmma py; %uasslséhswiﬁs, e}gﬁ‘% 'avvti%uk"c@leh&slt@frus.

infection. “The scinti’giam s norna a gamma_I'magl ng cane
havi ng one or mﬁ@hﬂﬁ@do’aﬁ“*ﬂl%ievéﬂ?onﬁep "éh"éli@t ePolLiot MLrEy- 5b9ma<ev

range.  The tar gebrusd taPee-DikeNyiphkp RAMINh tYe€rus 40, respiratory

syncytial' virus, mouse mammary tumor virus, Varicella-
Zoster virus, Dengue virus, rubella virus, measles

10 virus, adenovirus, human T-cell leukemia virusas,
Epsteinéaarr virus, murine leukemia virus, mumps virus,
vesicular stomatitis virus, Sindbis virus, lymphocytic
choriomeningitis virus, wart virus and blue tengue
virus. |

15
9. A preparation or use according to claim 1 or 2,
wherein said pathogen is a bacterium selected from the
group consisting of Streptococcus agalactiae, Legionella
pneumophilia, Streptococcus pyogenes, Escherichia coli,

20 Neisseria gonorrhosae, Neisseria meningitidis, Pneumo-
coccus, Hemophilis influenzae B, Treponema pallidum,
Lyme' disease spirochetes, Pseudomonas aeruginosa, Myco-
bacterium leprae, Brucella abortus, Mycobacterium
tuberculosis and Tetanus toxin.

25
10. A preparation or use according to claim 1 or 2,
wherein said pathogen is a protozoan selected from the
group consisting of Plasmodium falciparum, Plasmodium
vivax, Toxoplasma gondii, Trypanosoma rangeli, Trypano-

30 soma cruzi, Trypanosoma rhodesiensei, Trypanosoma
brucei, Schistosoma mansoni, Schistosoma japanicum,
Babesia bo_vis, Elmeria tenella, Onchocerca volvulus,
Leishmania tropica, Trichinella spiralis, Theileria
parva, Taenia hydatigena, Taenia ovis, Taenia saginata,

35 Echinococcus granulosus and Mesocestoides corti.
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pat hogen or its antigens present in a relatively concentrated focus.
«Magnetic resonance—Lnaging—fﬁﬁaT'*s effected in an anal ogous _nethod to

scintigraphic imgin cg Bala the imaging agents wll contain MRl
enhanci ng speci e&hs rad| oi sot opes. “ “uﬁ““n
REPLACEMENT SHEET - -25- H“mwm m at t he
magneti c resonanc erates onsg-different ¢prknct pI e from

sci nti graphy. Nornal ly, the SI gnhal generated is correlated with the

rel axation tines of the nmagnetic nonents of protons in the nuclei of the

hydr ogen at ons di.watRerprepamition ior use according to claim 2 or 2,
wherein said pathogen is a helminth or a malarial

parasite. -

5 12. A preparation or use according to claim 1 or 2,
wherein said pathogen is a mycoplasma selected from the
group consisting of Mycoplasma arthritidis, M.
hyorhinis, M. orale, M. arginini, Acholeplasma
laidlawii, M. salivarium and M. pneumoniae.

10 _ ,
3. A px:epération according to claim 1, which further
comprises, as a separate preparation, a second antibody
that specifically binds to said conjugate, in an amount
sufficient to reduce the amount of said conjugate in the

15 ° patient’s circulation by 10~-85% within 2-72 hours; in
combination with a pharmacologically acceptable sterile
injection vehicle.

14. A use according to claim 2, wherein a second

20 antibody that specifically binds to said conjugate is
used, as a separate preparation, to prepare said agent;
and wherein in said method, at a time after administra-~-
tion of said conjugate sufficient to optimize uptake of
said conjugate at the site of said infection, an amount

25 of said separate preparation of second antibody is
administered to said patient which is sufficient to
reduce the amount of said conjugate in the patient’s
cir_culation by 10-85% within 2-72 hours.

30 15. A preparation according to claim 1, wherein said
therapeutic agent is an antibiotiec or cytotoxic agent
that causes hematopoietic toxicity as a side effect of
its administration; wherein said preparation further
comprises, as a separate preparation,- a cytokine; and

- 35 wherein in said method, an amount of said cytockine

' sufficient to _mitigaté or prevent the hematopoietic
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the, region to be imaged. The magnetic resonance i mage enhancing agent acts

by increasing the rate of relaxation, thereby. increa54' -ng the contrast
bet ween water nolecules in the region where t he |nag| and
wat er nol-ecul es el sewhere in the body. However, the Mﬂﬂﬂ

to increase both T[err] and T2, the forner resultlng | rast

while the latter results in | esser contrast®2= Accordingly the phenonenon is
concentrati on- dependent, and there is normally an optimum concentrati on. of

a paramagnetic s XI- Jhe con ntr t|o vviII
varpy Wi tﬂ t he pa %Qég:lia& agen g]ﬂgf‘% E% ﬁ?lﬁfsﬁgﬁﬁ{iug]o %@

imagi ng, i.e., a&pian-tiste, pm:t:rm; oﬂongomitaytawdthommesummmerto
strongly Tlerr] qﬁ&%@.@&&ae&oﬁ[ mEirC dapendeq hehﬂa' Eangﬁgagteques and the

conposition of the mediumin the ageht i1s diss or suspended.
These factors, and their relative inportance are known in the art. See,

ehg Pykets, opigi.t. A aad Bo@edinglto claiw t2, whereinhe dRoRBhiodsof
barenteral 1y wi ¢ HoohsoPPedy ?éeas%%%t%?r%ﬁ%‘% Rl T - LN,
conj ugat e accor dang wberginpiosemid mednodon a3f ameunt of said cytokine
sufficient to mitigate or prevent the hematopoietic
toxicity of said agent is administered to said patient,
10 at a time prior to, concomitant with or subsequent to

administration of said therapeutic conjugate.
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ant i body conjugate including an MRl enhancing agent. It is contenplated
that' % subject will receive a dosage of |abel ed conjugate sufficient to
enhance the MRl signal at the site of infection by at |east about 20%
prefer- ‘ably 50-500% the anmount being a fumction of the particular

par amagneti ¢ speci es and the node of adni Jgfadration.

-26- Again, the Ilabeled anti body conjugate is conveniently

~ provided as an injectable preparation for mammalian use, preferably a

. sterille injectable preparation for human use. A typical preparation for
' Abstract

The use of: (a) an antibody or antibody fragment

5 which binds to an epitope omn a single species of
pathogen or an antigen derived therefrom, or (b) an
imnunoreactive composite of a plurality of chemically
linked antibodies or antibody fragments which bind to a
plurality of epitopes on a single species of pathogen or

10 an antigen derived therefrom; said antibody or antibody
fragment or composite being conjugated to at least one
diagnostic or therapeutic agent to form an antibody

conjugate;
in the preparation of an agent for use in a
15 method of diagnosis or therapy of a focus of infection,

wherein a patient infected with a pathogen is injected
parenterally with said antibody conjugate, and the
conjugated diagnostic or therapeutic agent is targeted
to said focus, whereby the diagnostic or therapeutic
20 function thereof is effected. .
A sterile, injectable preparation for such use
is also provided.
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tar"'g'eti"ﬁg a MRl agent to a focus of infection preferably conprises: a
steri|le injectable solution cont aining an effective anount of the | abel ed

conj Igare 11T & ptarma-—ceutieatt-yqaccept abl 5T Eﬂ.ﬁ:ﬂilﬂh éiﬁh i uc,
uéﬁ

pref ¢r- RERLAGEBPSHEETSI f eggd sql i ne (PBS |c I]

concg &e‘ﬁat ion. O her conv’ent i onal [phar maceu rﬁaeF%s:—g—cr
par ehtEPeseriRlgR+ H?@r%% %}%--Uti lizgd a; cﬁa F e-dPtRASRYE -
par e fEEGIaIM(sid i pagedr.AL1.do paged 2.7, A represg \‘?’én P erRi‘rg \g‘%ﬁotwg -----
par e CEDr@hing(sfd BagaisL. oL aélpbgadccoridance wi t Ry erftRABA TP DAgPAaL |

t t Q ably abou} 5 my, of |abel JANAS87 £ i
;g? i ybgggér#posf’%gghq'?géggﬁfgr r g SO| u%/i gno\lljmi BA’rIT‘gEdOg‘nRngﬁgﬁgfiyﬂ.gl 2Qp|39 I

cont a| ns, e.g., a ttlman serum al bum n ( 1% USP. Par Ke- Davis)
T1iliter ofel0. 04M ph@mmmm TREATMENTBIOF\var e) contai ning 0. 9%

sddi'um chl ori de. e eQﬂggﬁnghmgh@IﬁMQIMgggahoﬁgqgggﬁgﬁ|ted at the target
: scannlngq7s efff ected with a conventi onal canera to inmage the

lin a preferred enbodlnent of thls i nvention, the
| otalization t he Badke ) < §ANj ugate i s enhanced

thko the use of a nonlabeled

Th;s invention relates to reagents and methods
for targeting a diagnostic and/or therapeutic agent to
a focus of pathogenic infection by using as the target-
ing vehicle an antibody conjugate that specifically
binds to one or more accessible epitopes of the pathogen
or. of a pathogen-associated antigen.

Drug therapy against pathogens is conventionally
effected by means of systemic administration of the drug
in order to achieve a bloed level which is toxic to the
' pathogen wherever it is harbored in the bedy. Thus, a
certain blood level is necessary in order to provide the
proper concentration of the drug at the site of infec-
tion. "~ This requires high doses and often does not
achieve the desired toxicity without resulting in unac-
ceptably adverse side-effects to the patient, since mé.ny
of these drugs have general cytotoxic properties.

The development and description of murine mono-
clonal antibodies (MAbs) against infectious organisms
has been the subject of a number of reviews (e.g., M.C.
Harris et al., Indian J. Pediatr., $54:481-488, 1987; S.
Cohen, Brit. Med. Bull., 40:291-296, 1984; R.A. Polin,
Eur J. Clin. Microbiol., 3:387-398, 1984; R.C. Nowinski
et al., Science, 219:637-644, 1983; Part V, Monoclonal
Antibodies tc Microorganisms, Chapters 17-20, inclusive,
In: R.H. Kennett et al., (eds.), Monoclonal Antibodies,

Hybridomas: A New Dimension in Biological Analyses, New
York and London, Plenum Press, 1980, pp. 295-362).

These papers, and others in this area, have been
concerned with the use of such monoclonal antibody

. 9.0\.’. 4R-51195 it " '-___L(-;)} (.ly.-%.-;_;l's-}



second dnti body to scavenge non-targeted circul ati ng\r’é’bﬁ @‘Q’éte and pronote

its clearance, as disclosed for related inmaging agen s I'n Gol denberg, U.S.
Patent No. 4,624,846, the disclosure of which is
its entirety by reference. This technique is |ikewts

appllcable t

anti body or anti body conposite conj ugated to a therla ug, as
di scussed hereinafter. The term "l ocali %atlon ratiq" is utilizedin
conventional sense, i.e. the ratio of target to -

-27- nont arget anti body conjugate. In general, the second

reagents for improved diagnostic tests for the infec-
tious microcfganisms-, ineluding bacteria, viruses,
protozoa and helminths.

It has been proposed that these Mabs can be
used as such for both the diagnosis and therapy of
certain bacterial d;seases, such as group B strepto-
coccal infections (Harris, cited above), but exclusively

as diagnostic agents in viral diseases (Harris, cited

above). In the case of group B streptococcal infec-
tions, MAbs were used in rodents to treat the infection,
and it was found in these limited trials that only when
the MAbs were infused early after infection was an
effect achieved; at 6 hours or later, no survival of the
animal occurred (Christensen et al., Pediatric Res.,
18:1093—1696, 1984). In the case of malarial para-
sites, it has been shown that the Fab fr'agments of a
monoclonal antibody directed against the surface coat of
malaria sporozoites is active in protecting mice against
malarial infection, indicating that it blocks attachment
of spo;.-bzoites to host receptor cells (P. Potocnjak et
al., J. Exp. Med., 151:1504-1513, 1980). This further
ind:.cates, since it is achieved by the J.mmunoglobuli.n
molecule lacking the Fc portion, that the protective
antibody action is independent of complement or cells.

These animal experiments indicate that early
infections can be affected by the use of organism-
specific MAbs in well-controlled laboratory experiments
involving certain bacteria and parasites. Despite these
reports a number of years.ago, MAbs have not been shown
to have a therapeutic role in infectious diseases in
humans. O©One major reason has been that such MAbs exert
a protective action only in specific, usually early
stages of infection, being less able to interact with
the infectious organisms when they have disseminated
into tissue reservoirs that are less accessible to
interaction with the injected MAbs. Use of such MAbs to
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antibody is used in an anount that wll enhance the | ocali Zat EghAQEd{EN} SHEET
the primary anti body conjugate by at | east about 20 percent] gnd typicalTy
by 50 percent or nore. The second anti body may be olje ’(gQ,.g{,WVI
or a fragment of IgGor IgM so long as it is capable of bi nqlng t he
primary antibody conjugate to forma conplex which is cl eafjed fromthe—— —

circulation and the non-target spaces-3®re rapidly than the_primry 1
anti body conjugate by itself. Preferably, the second antibody wIT bg——
whole IgGor IgM If the primary antibody is a fragnment of IgGor IgM it

is  preferfasme therapratdecorenivgabedy ise DRkl susgested | By sthehat the
primary/ sosg¥reiancde®dpl ex retains the capability of activating the

conpl ement cascade., Conv el where 1 he |_mar tibo i S ole 119G

the second anti body® MEE ea‘%}y##%?re?ﬁls %p{% %W&?ﬁa‘?ﬁ T ns

conpl enent -ﬂngiagddagabsrtiiq/ agent - el g.isapr cfmagimed a@antat oreast one of

the primary/ ai of usi ng
IgM is that I't aJenatP,hlé er nolecjggi"mxgdgﬁl\éon&éx W t prlrrary
anti body o AL &SFéeﬁecF iciengroand: amd/eshangedpeutic

therapeutic index tc perm:.t more effective diagnosis
and/or treatment of the infection.

Obiects of the Invention

One object of the present invention is ¢to
prov:.de an effective and selective method of target:l.ng
a focus of infection. .

Another object of the invention is to provide
diagnostic and therapeutic agents with high spec:.fic:.ty
for foci of infection. _ _

Another object of the invention is to provide an
alternative or adjunct to chemotherapy for treatment of
certain mjicrobial and parasitic infections that are not
amenable or relatively unresponsive to chemotherapy and
which cause debilitating or life~threatening illness.

Anbther object of the invention is to improve -
the therapeutlc index of a chemotherapeuta.c agent and/or
radiopharmaceutical.. :

Other objects of the present invention will
become more apparent to those of ordinary skill in the
art in light of the following discussion. '

~ Sunm mary of the Invention

These and other objects of the praesent invention
arc achieved by providing a method of targeting a diag-
nostic or therapeutic agent to a focus of infection,
which comprises injecting a patien£ infected with a
pathogen parenterally with an antibody conjugate which



pr<-nci pl es such as drugs, chelating agents, radio- nucliﬁesr-and;Lhe_LLke@
cREPLACEMENTGHEET |

This will increase the rate and effectiveness of cleararn
~primary anti body and/or principle, especially from bl ood. THre
second anti body can be prepared by nethods disclosed in{tHe igprgggﬁé}orec
Gol denberg ' 846 patent. Monocl onal anti-species 1gGis gl go - a? and
I s advant ageously used as second antibagy in the presentf geocess . j
Non-netal li ¢ conjugates, e.g., radioiodinated |inking grqoups or organic
par amagneti ¢ speci es such as nitroxides, can al so be haptemrs—to—whtech—the
second anti begecifispdadiyf ibinds to an accessible epitope of- 3%id

pathogen or of a pathogen-associated antigen accreted at
said focus of infection, said antibody conjugate further
comprising a bound diagnostic or therapeutic agent for
detecting, imaging or treating said infection.

The invention further provides polyspecific or
monospecific antibody conjugates for targeting foci of
infection, comprising an immunoreactive component
including at 1least one substantially monospecific
antibody or antibody fragment, conjugated to at least

one diagnostic or therapeutic agemnt, wherein the
antibody or antibody fragment specifically binds to an
accessible epitope of the pathogen or of a pathogen-
associated antigen. These can be frovided in"the form
of sterile injectable preparations and kits for use in
practicing the foregoing method. o

Detajled Description

- .Antimicrobial agents are conventionally
classified into four main groups, based upon their
affecting (1) bacterial cell-wall synthesis, (2) the
cytoplagﬁic membrane, (3) protein synthesis, and (4)
nucleic acid synthesis, and often each of these groups
can be subdivided into several classes. Reviews of
antimicrocbial chemotherapy can be found in the chapter
by M.P.E. slack (In: Oxford Textbook of Medicine, Second
Ed., Vel. I, edited by D.J. Weatherall, 'J.G.G.
Lidingham, and D.A. Warrell, pp. 5.35-5.53; Oxford
University Press, Oxford/Melbourne/ New York, 1987) and
in Section XII, chemotherapy of Microbial Diseases (In:
Goodman and Gilman’s The Pharmacological Basis of
Therapeutics, 6th Ed., Goodman et al., Eds., pp. 1080~
1248; Macmillan Publishing Co., New York, 1980).

As indicated in these texts, some antimicrobial
agents are selective in their toxicity, since they kill
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The second antibody is injected into the subject after [UT TCreft—tt

has el apsed foll ow ng parenteral adm nistration of the gri gﬁ prméy,éeem fi
anti body conjugate to permt maxi mum uptake thereof by fO(L.u

typically about 2-72 hours following the initial adm ni

at about 4-48 hours post-adm nistration. If the primgy anti body I S not
adm ni stered intravenously, it may be ad§antageous to a :
portion of the second antibody by the sane parenteral route. It is

advant ageous however, ,to inject at |east a portion of the second anti body
i nt r avenousl y°f &%’E\E@*Erﬁ{‘ﬁ ‘E?“éﬁ?ﬁﬁﬁ%“b?mp?grﬁﬁﬁc%ﬁ"b’ﬁﬂ?nﬁh%ﬂthﬁge

di ffused i nt otdbberatedubyt thy Byste(i.e., the Arwdt@ctatonemberedjidnct to

t he .use of s %EPQ ?ﬂ%g o%tglggg%&hgq_guk%% R Js20El £ Qﬂ'ﬁfl ggtl body

and enhance t i zation r mary anti
utilization othes@g&fenkhfcihrstimt cadLEdR te@ﬁhﬁﬁue@g%!stsil gaeosetllyn t he

foregoi ng CGol egpdw18 maﬁeabﬁ pagapehl, &ﬁuiirﬁﬁﬁfen&e Thi s
is an art-recogni zsd teﬁ g*lque wherein an «i ndi f ere%‘an |b ragment
is | abel ed wilFCEOPS i BRACH BAY ASSHFE §FC eﬁ‘gﬁl? ?Praﬁﬁ t he

| abel ed removed. Often, the ability to kill or inhibit a

microbe or parasite is a function of the agent’s concen-
tration in the body and its fluids.

Whereas these principles and the available
antimicrobial drugs have been successful for the
treatment of many infections, particularly bacterial
infections, other infections have been resistant or
relatively unresponsive to systemic chemotherapy, e.g.,
viral infections and certain fungal, protozoan and
parasitic infections. T .

As used herein, “"microbe” denotes virus,
bacteria, rickettsia, mycoplasma, protozoa and' fungi,
while "“pathogen" denotes both microbes: and infectious:
multicellular invertebrates, e.g., helminths, spiro-
chetes and the like. _ '

~Virus can infect host cells and "hide" from
circulating systemic drugs. Even when viral prolifer-
ation is active and the virus is released from host
cells, systemic agents can be insufficiently potent at
levels which are tolerated by the patient.

Similarly, a number of fungal, protozoan and
parasitic infections have been resistant to systemic
drug therapy, at least in part because an effective
ahtipathoqenic‘ dose of a drug has been above the level
which is tolerated by the patient or because the
infection was difficultly accessible to conventional
systemic routes of drug administration.

The present invention resolves many of the
problems involved in the treatment of infections that
are refractive to conventional drug therapy by using

c

prefer bI y
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indifferent antibody is injected into the subject Thi entlbody has
substantially the sane kinetics of distribution and tabo#R

primary antibody during the period required for inaging. e |nJect|)n_of
such anti bodies is preferred over conventional subtragti-er—agent-sT—Sugth
as Tc-99m | abel ed serum al bum n, which are neverthelless suitable for yse
to enhance i mage processing by conpensawqm)for backgr® € use ol the
radi ol abel ed i ndi fferent anti body as a subtraction agent pernlts
conputerized correction for nontarget background radiation from organs

whi ch ef f ect veloyar apecificanansibioddesr onedee againgtat aderabiadn or | t

wi |l be appr ﬁ%’.r%fs?&i@’ hResgenk OLAI Ni¥derSkitbl tardde Ar EEFeddivddrimary

monocl onal anthloﬁﬁcllde and/or chemical agent to foci of infection,
thereby selectively killing the pathogen. A targeted
drug can have enhanced effectiveness due to signifi-
cantly increased concentration at the target site
relative to the rest of the body. The targeting anti-
body is able to bind to an accessible epitope of the
pathogen or to antigens shed by the pathogen or result-
ing from its fragmentation and/or destruction, and which
accrete at a focus of infection. The epitope can be on
the surface of the pathogen or antigen or at an
accessible locus in the pathogen. The therapeutic
component of the conjugate is thereby localized at the

" target site with higher efficiency and an enhanced
target to non~target ratio.

Targeting is also effective for diagnostic

_agents, especially agents for scintigraphic imaging or
magnetic resonance imaging (MRI) of sites of infection.
This is helpful to the treating phys;c;an for evaluation
of the patient’s level and stage of infection and for
de31gn1ng and monitoring treatment protocols. '

The antibody component of the conjugate can be
a single.monospeclflc antibody reacting with one epitope
of the pathogen or its antigen. In such a case, it is
preferable for the antibody to -bind to an epitope that
is aifferent and separate from epitopes to which the
patient’s own antibodies bind. This will avoid the
problem of blocking due to saturation of the pathogen or
its antigen with native antibedies, and ' consequent
inhibition of targetlng.

Alternatively, the antibody component can be
polyspecific, 1i.e., it can include a plurality of
antibodies that bind to a plurality of epitopes on the
pathogen or its antigen. The pdlyspecific antibody
component can be a polyclonal antiserum, preferably




- 29- ‘and the indifferent antibody utilized as a subtractjon
preferably fromthe same species or nyelona/ hybri d(R'EPLﬁFEMENﬁtSWm econd
anti body will clear the prinmary nonocl onal antibod
anti body i mmunogl obulin fromuntargeted areas at sub tantlall ??e
rate. It is further preferred that the second antijb dy 5o %He%' I g
constant region of the primary and indiffterent i munolgl obulin _specite
The amount of second anti body introduced will gener
whi ch can decrease the circulating primary anti body
hours. The rafifdnd.tysepuwd.fd.aﬂi.bocty:um phi nanjmait i ¥bdghwhhals wbeleraf f ect

the cl earancgy, éflgbn MP P HiamiHie ﬁlqp%flﬁe a JQW Ry and

secondary antl relrm Jhary screeni ng pati en In vitro

can be used Sspraéiﬁlcﬁg'hnaﬂﬁl sramudatedy it o?r?‘l’\\é‘:%pﬁr YR
The screen wepkch€idsafitiboddescagainst hﬂzé Pathogfers oot saantigen to

R L
mixture, which is a mixture of monoclonal antibodies
with a defined range of epitopic specificities.

In both types of polyclonal mixtures, it can be
advantageous to chemically link polyspecific antibodies
together to form a single polyspecific molecule capable
of binding to any of seéveral epitopes. Conjugation of
such a polyspecific targeting molecule with a diagnostic
or therapeutic agent increases the likelihood that the
agent will reach the site of infection, thereby

: increasing the target to non-target ratio and the
efficacity of the vehicle. One wvay of eff'ecting such a

" linkage is to make bivalent F(ab’}, hybrid fragments by
‘mixing two different F(ab’), fragments produced, e.q.,
by pepsin digestion of two different antibodies, reduc-
tive cleavage to form a mnixture of Fab’ fragments,
followed by oxidative reformation of the disulfide
linkages to produce a mixture of F(ab’), frag‘ménts
including hybrid fragments containing a Fab’ portion
specific to each Qf the original antigens. Methods of
preparing such hybrid antibedy fragments are disclosed
in Feteanu, "Labeled Antibodies in Biology and Medicine“
pages 321-323 (McGraw-Hill Int. Bk. Co., New York et al,
1978); Nisonoff et al, Arch Biochem. Biophys., 93, 470
{1961); and Hammerling et al, J. Exp. Med., 128, 1461
(1968); and in U.S. Patent 4,331,647. )

Other methods are Kknown in the art to make
bivalent fragments that are entirely heterospecific,
e.g., use of bifunctional linkers to 3join cleaved
fragments. Recombinant molecules are known that
incorporate the light and heavy chains of an antibody,
e.g., accc’:rding. to the method of Boss et al., U.S.
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of- the nmolar ratio of second antibody to primary antibody, { whi ch serve;j;s
f

a measure of the lower |imt for the ratio, since in viv pglgﬂﬁw 7
require a higher ratio of second antibody to primary ant dy than 1

i ndicated by such in vitro tests. In practice, the motar~+ati-o
second antibody to primary antibody will generally be ififhe range of aboyt
5-50, although the range shoul d not be&onsidered linmtative. NbTar Tat
of second anti body to prinmary anti body of 15-25, and preferably 20-25, have

ant 1 body. ar SARRS. 1GELE T, "7 dnainote D AeniR B RHASERY nol ude

second ant i redpmkinant epar mmm ri@xnd:mg nolecules havangamheaprl ate

time after gihlddiEo! dfe Atihaies O Waliicluded in the
invention. More than two different monospecific
antibodies or antibody fragments can be linked using
various linkers known in the art.

The immunological profile of the substantially
monospecific, preferably monoclonal, antibodles used to-
make the polyspecific conjugates of the present
invention can be adjusted to ensure optimal binding to
the pathogen or its antigens by nixing the antibody
specificities for different antigens and their epitopes
in particular cases of infections, as well as of binding
constants for the target epitopes, so as to fine tune
the selectivity and targeting efficiency of the reagent
according to the invention.

An limaging reagent according to the invention
can. comprise bispecific, trispecific or, more generally,
polyspecific . antibody/fragment conjugates, . further -
comprising an imaging radioisotope or paramagnetic
species. |

The antibody component of the conjugate can
include 'whole antibodies, antibody fragments, or
subfragniénts. Use of the term "antibody" herein will be
understood to embrace whole antibodies, antibody
fragments and subfragments and thus to be equivalent to
the term "antibody/fragment” which is used inter-
changeably therefor in this discussion, unless otherwise
noted. Antibodies can be whole immunoglobulin (IgG) of
any class, e.g., IgG, IgM, Iga, IigD, IgE, chimeric
antibodies or hybrid antibodies with dual or multiple
antigen or epitope specifities, or fragments, e.g.,
F(ab’),, Fab’, Fab and the 1like, including hybrid
fragments, and additionally includes any immunoglobulin
or any natural, synthetic or genetfi.cally engineered

S .



- 30- ‘ Many drugs and toxins are known which have a jcREPLADENENGT §196% :

on pat hogens m crobes that may infect a human.

of the readily avail able art-recogni-zed conpendi a of drugs{and % Xi ns,
ot

as the Merck Index and the I|ike. Any such antibiotic or ¢yt

They can RQe +0uﬁd—~1~ﬂ——a-n%_
suc
g}

can be conjugated to an anti-pathogen anti body or anti body}cenposite to i

forma therapy agent according to the pt%sent

i nvention, aphd the use of

such a conjugate to inprove the targeting of an antibiotichor—eytetoxic

drug to a focus of_ infection so as_to increas

at the site BXoFeih t tBRt: RELF eddke | et

its effective concentration
dy by r @ -

anti bi otic orspagifinxiantiges mnfdmnca)nq:d:mm to a polyneric carrier

which is then conjug | [
t her apeuti c use. %légdc%%eggkl '?ﬁf]%l'%{ossgﬁ#e Ma%a}z&tx&'

conpl etel y déineu fly vanie§yaofpmommanly cused | 8BINALER| GoSte, GORtSL it is

in circul ati ghima¥€) donkeys, swine, rabbits, horses, hens, guinea

pigs, rats or mice, and even human antisera after
appropriate selection and purification. The animal
antisera are raised by inoculating the animals with an .
immunogenic form of the pathogen or its antigen, by
conventional methods, bleeding the animals and
recovering serum or an immunoglohulin—contaim.ng serum
fraction. : ' '

_ The antiserum is preferably affinity-purified
by conventional procedures, e.g., by binding antigen to
a . chromatographic - column packing, e.g., Sephadex,
passing the antiserum through the column, thereby
retaining specific antibodies and separating out other
immunoglobulins and contaminants, and then recovering
purified antibodies by elution with a chaotropic agent,
optionally followed by further purification, e.g., by
passage through a column of bound bléod group antigens
or othe:;f,__ non-pathogen species. This procedure may be
preferred when isolating the desired antibodies from the
serum of patients having developed an antibody titer
against the pathogen in question, thus assuring the
retention of antibodies that are capable of binding to
exposed epitopes. T

Hybridoma-derived monoclonal antibodies -(human,
nibnkey, rat, mouse, or the like) are also suitable for
use in the present invention and have the advantage of
high specificity. They are readily prepared by what are
now generally considered conventional procedures for
immunization of mammals with an immunogenic antigen
preparation, fusion of immune lymph or spleen cells,
with an immortal myeloma cell line, and isolation of
specific hybridoma clones. More unconventional methods
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can” reduce systemc side effects of the drug or tox anGB@FWfS“EE; '

use when system c adm nistration of the drug woul d be un@c§ept abl e.
Adm ni stration of nore nol ecul es of the drug conjugated
is further conjugated to the antibody, permits therapy

a pol yan9%hi ¢h

e mtlgatlng

system c toxicity. The net hodol ogy: of this inventli or—ts—applicable
to the therapeutic treatment of infect¥®ns by conju- gatilng the pripary <

antibody or antibody conposite to an antibiotic or cytotoXTc drug or toxin.
Art-recogni zed net hods of con t oxin l,obu- |ins
are descri b@g REQParing pRpe %Plrg %Mﬁﬁ aEht ?ﬁtgdegrr#g d of

Ant i bodi es sachr las cidnterspeties [f\lglm r aBds denetiist ogpginegemdaoci ne, G

G d 7 , Resul t
ncancor FRERLpHIASEEER, ol q‘?’f“"’*"ﬁ"‘e thp”’nljegtgz?mgn e %Eeﬁaz;i?f‘ )

1982, showi HﬁlaﬁFJ-&Ka‘Féﬁe%%tW‘%S%P &Ehet antd
enpl Oyed affects their utility in the present invention. Human

lymphocytes can be fused with a human myeloma cell line
to produce antibodies with particular specificities,
preferably to epitopes which are not masked by circu-~-
lating antibodies to the ma)or ant:.gan;c sites on the
pathogen. _
The present invention also envisions the use of
antigen-specific fragments to create the polyspecific
antibody conjugate. Antibody fragments can be made by
pepsin or papain digestion of whole immunoglobulins by
conventional methods. It is known that antibody
'fragments may be produced by enzymatic cleavage of
;antibodies with pepsin to provide a 58S fragment denoted
F(ab’),. This.fragment can be further cleaved using a
thiol reducing .agent, and optionally a blocking group
for the .sulfhydryl groups resulting from cleavage of
disulfide linkages, to produce 3.5 Fab’ monovalent
fragments. Alternatively, an enzymatic cleavage using
pepain px:&duces two monovalent Fab fragments and an Fc
frag'mentf directly. ' These methods are described, inter
alia, by Goldenberg, in U.S. Patents Nos. 4,036,945 and
4,331,647 and references contained therein, which
patents are incorporated herein in their entireties by
reference, and in Nisonoff et al, Arch. Biochen.
Biophys., 89, 230 (1960); Porter, Biochem. J., 73, 119
(1959); and Edelman et al, in "Methods in Immunology and
ImmunochemistryY, Vol. 1, 422 (Acad. Press, 1967), and
are conventional in the art.

Other methods of cleaving antibodies, such as
separation of heavy chains to form monovalent light-
heavy chain fragments, further cleavage of fragments, or
other enzymatic, chemical or genetic technigques may also

net hods
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- 31~ for coupling drugs effective against various di: eﬁ’;"eL"ca.m ng BL
m cr oor gani sns, such as agai nst bacteria, viruses, fungl and di verse

parasites to antibodi es devel oped agai nst these nicrodrdant §rdAN (98 r

products or antigens associated with their |esions. Such anti bi ¢tiic
or cytotoxic drugs, including, e.g., -1t racycl i nes, chtoranpheni col ,

pi perazine, chloroquine, diam nopyridirties, metroniazidg, isoniazide ——
ri fanpi ns, streptomycins, sul fones, erythromycin, polym xins, nyst ati n,

anphot eri ci gg. uéea' Ug5oi¥ﬁﬁshﬂethé redgmantis oretainlimpecificity to
1- adamant anam ne adeni

e arahi nosi ni a [ Ldi ne
(AZT), are phef PIEIOIER O o FHELHFT t B aéB%?oﬁ}rﬂllaﬁl e Egsg%i ﬁg %P¥m: |
anti bodi es/ fhedpBaiasaatearaisedy/ f ragnent conposites. Various other
potential antibioti hﬁg&gh@g C 29 SukOrod!Seidan t BhEéigenantmay Bee |isted

i n Goodman et al.
made by inoculating a host with crude or purified, live,

attenuated or killed virus or with antigens shed by
virus, e.g., coat protein, portions thereof, or frag-
ments resulting from destruction of virus. Monoclonal
antibodies may be made by immunizing mice or other
mammalian species with the virus or wviral antigens,
isolating splenocytes from the immunized bhost and
fusing them with a suitable myeloma cell line using
somatic cell hybridization technigues to produce
hybridomas that produce antiviral antibodies. These
hybridomas may be isolated, subcloned and cultivated to
. produce monoclonal antibodies. The . hybridoma
derived monoclonal antibodies to viral antigens are
typically of murine or rat origin and typically are IgGs
or IgMs, although suitable antibodies for use in
preparing conjugates according to the invention are not
intended to be limited as regards species or Ig class.
In general, antibodies can usually be raised. to
most ant-:'i'.\"gens, using the many conventional technigues
now well known in. the art. Thus, antibodies that
specifically bind to other microbial and parasitic
antigens, either on the organism itself or on fragments
or excreted or accreted antigens can be raised by
adapting the foregoing methodology in ways that are now
conventional in the art. Any antibody that binds to a
pathogen or its antigen which is found in sufficient
concentration at a focus of infection in the body of a
mammal can be used to make the targeting conjugate for
use in the present invention.
A wide variety of monoclonal antibodies against
infectious disease agents have been developed, and are
summarized in a review by Polin, in Eur. J. Clin. Micro-~



Phar macol ogi cal Basis of Therapeutics," Sixth Edition, A G Glnan et al
eds., Macm | lan Publishing Co., New York, 1980, show ng general art

awar eness. Various conditions. appropriate and desirable for targeting
drugs to specific target sites have been reviewed e.g. by Trouet et al., in
Targeting of Drugs, G Gegoriadis et al., eds., Plenum Press, New York and
London, 1982, pp. 19-30, show ng c||nré3r knomﬁedge of hom/such targeting
woul d benefit patients suffering fron1|nfect|ous | esi ons. The use of

Che effect | VEHBLY: of UPhEIBREIEE. 08, BN cﬁ]’?f N nven’( Hon ta
the sane nariewever othehprdnegpaé.t natemgltng-nccﬁq pnkibodigs in

ef fecti veness, of Ta\%n Apeh CtRGEP! intcPpRiatith | int8M Th OFitEs
t herapeutic 1n e¥ utlllze 1N the conventi o EﬂQﬁf§g§%Fls defined as

t he ratlo(ﬁdiﬁﬁﬁﬁiib?lESQFY§ctsAt§%¥uﬂ¥ﬁ pigats hay¥e oiten
defined in tipsan ﬁfiadqasnthea'apeuummtsr iaf famimal \models cbuy in a

standard nDQSlth only limited success.

The value of conjugating such antibedies with
radioisotcpés and/or drugs or toxins to achieve targeted
detection, imaging and therapy of 1nfection.has not been
appreczated, and the efficacy of such agents could not
be predicted from such prior disclosures.

Among the monoclonal antibodies (Mabs) against
pathogens and their antigens cited by Polin, supra, are:

ti-bacterial Mabs
Streptococcus agalactiae
Legionella pmeumophilia
Streptococcus pyogenes
Escherichia coli
Neisseria gonorrhosae
Neisseria meningitidis

Pneumococcus

Hemophilis znfluenzae B
Treponema pallidum

Lyme disease spirochetes
Pseudomonas aeruginosa
Mycobacterium leprae
Brucella abortus
Mycobacterium tuberculosis
Tetanus toxin |

Anti~-viral MAbs

Rabies virus

Influenza virus
Cytomegalovirus

Herpes simplex I and II



- 32- system e.g., the ratio of the nedian lethal dose (LD err]) to the
medi an effective dose (ED[err]). The use of second antibody as described
herei n produces an increase in the therapeutic index of antiviral -anti body
and anti body conposite conjugates by clearing nontarget primary antibody
and/ or detached therapeutic principle. In addition to being specific to
the primary nonocl onal anti body as dlsch§sed above, in the instance of the
therapeutic preparation, the second antibody can be specific to the

t herapeutic gg %gqi viR&e fic to a carrier . for the
t her apeutic agg{&t&‘ seriln era é%flc prepar ations cen g@gﬂ.{j T

conpri se mnmﬁ?ré’ntﬁwaﬁ@éeﬂ % bodi es/ frag{ ReD
above, conj U%ﬁédl&a&wﬂfeipﬁkﬂzfd‘s’ﬂ ly
10 JAN 1997

Hepatitis B virus
Measles virus

m
(
joX

Adenovirus
Human T-cell leukemia viruses
Epstein-Barr virus
Murine leukiemia virus =*
Mumps virus
Vesicular stomatitis virus
Sindbis virus
Lymphocytic choriomeningitis virus
Wart virus
Blue tongue virus
Sendai virus
Faline leukemia virus »*
Reo virus. _ |
Polio-virus ..
Simian virus 40 *
Mouse mammary tumor virus =*
Dengue virus
Rubella virus
” * Animal virus

~Anti-protozoan Mabs
Plasmodium falciparum
Plasmodium vivax
Toxoplasma gondii
Trypanosoma rangeli
Trypanosoma cruzi
Trypanosoma rhodesiensei
Trypanosoma brucei
Schistosoma mansoni
Schistosoma japanicum
Babesia bovis



ef fecti ve radi oi sotope and/or antibiotic/ cytotoxic drug, in a suitable
vehicle for parenteral admnistra- tion. A therapeutic preparation nmay

| i kewi se conprise a polyspecific anti-pathogen antibody/ fragnent com
posite conjugated to a radi oi sotope and/or antibiotic/ cytotoxic drug.

It is advantageous in certain cases to conbine a drug wth a

radi onucl i de, especially where the phfthogen "hides" or is somewhat

i naccessi bl e. The | onger range action of radionuclides can reach hidden
pat hogen so | gn S sone .antigen is accessible to the conjugate. Al so,
radi ation caﬁﬁﬁgﬁgﬁ'%ﬁﬂiﬁxﬁ an infected cell and expose intracellular

pat hogen to Omchamendac vkl ug conponent of the conjugate.

Therapeutic pr pﬁﬁ%td s__._,.xgaﬁ/v‘_ag so include a separately packaged second
anti body as ?i'ee?crl e above..l Suj tabl e vehicles are well known in the art

and can i ncl Fxdchdngllay SRiFphiS sterile PBS sol utions to those used for
adm ni strat | qhedledid0 PHAvVL | magi ng agents, as discussed herei napoye.
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Taenia saginata
Echinococcus granulosus
Mesocestoides corti
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Myceoplasma arthritidis

M. hyorhinis

M. orale

M. arginini . i
Acholeplasma laidlawii

M. salivarium

M. pneumoniae

Additional examples of MAbs generated against
infectious microcrganisms that have been described in
the literature are noted below.

MAbs against malaria parasites can be directed
against the sporozoite, merozoite, schizont and
gametocyte stages. Monoclonal antibodies have been
generated against sporozoites (eircumsporozoite
antigen), and have been shown to neutralize sporozoites
in vitro and in rodents (N. Yoshida et al., Science
207:71-73, 1980). '

Several groups have developed MAbs to T. gondii,
the protozoan parasite involved in toxoplasmosis (Kasper
et al., J. Immunol. 129:1694-1699, 1982; Id., 130:2407-
2412, 1983). '

MAbs have been developed against schistosomular
surface antigens and have been found tc act against
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tology, 84:83-91, 1982; Gryzch et al., J. Immunol.,
128:2739-2743, 1982; 'Zodda et al., Je. Immunol.
129:2326~-2328, 1982; Dissous et a]:., J. Immunol.,
129:2232-2234, 1982). ’

Trypanosoma cruzi is the causative agent of
Chagas’  disease, and is transmitted by blood~sucking
reduviid insects. A MAb has been generated that
specifically inhibits the differentiation of one form of
the parasite to another (epimastigote to trypomastigote
stage) in vitro, and which reacts with a cell-surface
glycoprotein; however, this antigen is absent from the
mammalian (bloodstream) forms of.the parasite (Sher et
al., Nature, 300:639-640, 1982). Suitable MAbs have
been developed against most of the microorganisms
(bacteria, viruses, protozoa, helminths) responsible for
the majority of infections in humans, and many have been

- used previously for in vitro diagnostic purposes. These

antibodies, and newer MAbs that can be generated by
conventional methods for further Jimprovement of
targeting by use of MADb combinations, are appropriate
for in ;ivo use as imaging and therapy reagents when
they are _conj'u'gated with suitable radionuclides and
drugs. _

It is generally desirable to use antibodies
having a relatively high immunoreactivity, i.e., a
binding constant of at least about - 10°/mole, preferably
at least about 10’/mole, and high. immunospecificity,
i.e., at least about 40%, preferably at least about 60%,
more preferably at least about 70-95% for pathogen
antigens.

However, it may be preferable for certain
applications, e.g., for imaging, to use antibodies
having a somewhat lower binding constant in the present
invention. Antibodies with high binding constants are
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or an ant'i bi otic/cytotoxic agent already conj ugated to (t he-—- -
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patient " of mnass act:.on effect. This will reduce premature
clearance and nontarget accretion of the imaging label
and thus increase the effective amount for targeting thé
focus of infection.

Antibody conjugates for imaging can be prepared
by a variety of conventional procedures, ranging frém
simple glutaraldehyde linkage to more elegant and
specific linkages between functional groups. The
antibodies and/or antibody fragments are preferably
covalently bound to one another, directiy -or through a
short or 1long.. linker moiety, through one or more
functional groups on the a,ntibody/fragmeht, -€.9g., amine,
carboxyl,. phenyl, thiol or hydroxyl groups. Various
conventional linkers in addition to glutaraldehyde can
be wused, e.g., diisiocyanates, diisothiocyanates,
bis (hydroxysuccinimide) esters, carbodiimides,
maleimide-hydroxysuccinimide esters and the like.

A simple method is to mix the antibodies/
fragments in the presence of glutaraldehyde to form an
antibody composite. The initial Schiff base linkages -
can be stabilized, e.g., by borochydride reduction to
secondary aminss. This method is conventionally used to
prepare other conjugates of proteins, e.g., peroxidase-
antibody conjugates for immunohistochemical uses or Ffor
immunocassays. A diisothiocyanate or a carbodiimide can
be used in place of glutaraldehyde as a non-site-
specific linker.

Bispecific antibodies can be made by a variety
of conventional methods, e.g., disulfide cleavage and
reformation of mixtures of whole IgG or, preferably

t
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i ncorporated into the specific

F(ab’), fragments, fusions of more than one clone to form
polyomas that produce immunoglobulins having more than
one specificity, and by genetic engineering. The
bispecific antibodies can bind to one or more wviral
epitopes. Bispecific (Yhybrid") antibody fragments have
been prepared by oxidative 1'inkage of Fab’ fragments
resulting from reductive cleavage of different anti-

bodies. A portion of these will contain fragments

specific to both of the antigens to which the original
antibodies were raised.

More selective linkage can be achieved by using
. a heterobifunctional linker such as a maleimide-
hydroxysuccinimide ester. Reaction of the latter with
an antibody/fragment will derivatize amine groups on
the antibody/fragment. and, the derivative can then be
reacted with, e.g., an antibody Fab fragment with free
sulfhydryl groups (or a ;larger fragment or intact
immunoglobulin with sulfhydryl groups appended thereto
by, e.g., Traut‘s Reagent). Such a linker is 1less
likely .to crosslink groups in the same antibody and
improves the selectivity of the linkage.

It is advantageous to 1link the. antibodies/
fragments at sites remote from the antigen binding
sites. This can be accomplished by, e.g., linkage to
cleaved interchain sulfhydryl groups, as noted above.
Another method involves reacting an antibody whose
carbohydrate portion has been oxidized with another
antibody which has at least one free amine function.
This results in an initial Schiff base (imine) linkage,
which is preferably stabilized by reduction to a
secondary amine, e.g., by borohydride reduction, to form
the final composite. BSuch site-specific linkages are
disclosed, for small molecules or polypeptides or for
solid phase polymer supports, in U.S. Patent 4,671,958
and for larger addends in U.S. Patent No. 4,699,784.

sone
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antibody/fragment specific to a third, fourth or further.
epitope using, e.g., a hetercbifunctional maleimide-
hydroxysuccinimide ester linker to derivatize an amine
group, followed by reaction of the derivative with a
fragment having a free sulfhydryl group, | optionally
introduced with a reagent such as 2-iminothioclane.
Alternative linkage modes will be readily apparent to
the ordinary skilled artisan based on the disclosures
for bispecific composite formation, and ‘will require
only minor .variation and adaptation of such methods.
The antibody component of the conjugate can be
labeled with or conjugated or adapted for conjugation -
to, a .radioisotope for . scintigraphic imaging or a
magnetic resonance image enhancing agent, for use as a
diagnostic imaging agent. Any conventional method of
radiolqbéling which is suitable for labeling proteins
for in vivo use will be generally suitable for labeling
the composite. This can be achieved by direct labeling
with, e.g., a radiocisoctope of a halogen or a metal ion,-
using conventional techniques or more sophisticated
methodologies, or by attaching a chelator for a
radiometal or - paramagnetic ion. Such chelators and
their modes of attachment to antibodies are well known
to the ordinary skilled artisan and are disclosed inter
alia in, e.g., ¢Childs et al, J. Nuc. Med., 26:293
(1985); and in Goldenberg U.S. Patents 4,331,647,
4,348,376, 4,361,544, 4,468,457, 4,444,744, and
4,824,846. Typical are derivafives of ethylene-
diaminetetraacetic acid (EDTA) and diethyleﬁé-
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triaminepentaacetic acid (DTPA). These typically have
groups on the side chain by which the chelator can be
attached to an antibody. Alternatively, carboxyl or
amine groups on a chelator can be activated and then
coupled to an antibody by well known methods. For
example, deferoxamine, which 'is a chelator for Ga~-67,
has a free amine group that can be activated with a
suitable linker to contain an activated carboxyl,
isothiocyanate or like group, and then coupled to amines
on an antibody. .

The chelator may be bound to the antibody,
directly or through a short or long chain linker moiety,
through one or more functional groups on the antibody,
e.g., amine, carboxyl, phenyl, thiol or hydroxyl groups.
Various conventional 1linkers can be used, e.q.,
diisocyanates, diis::thiécyanates. carbodiimides, bis-
nydroxysuccinimide esters, maleimide-hydroxysuccinimide
esters, glutaraldehyde and the 1like, preferably a
selective sequential 1linker such as the anhydride-
isothiacyante linker disclosed in U.S. Patent 4,680,338.

Labeling with either Iodine-~-131 (I-131) or
Todine-123 (I-123), is readily effected using an
oxidati_xfé procedure wherein a mixture of radioactive
potassium or sodium iodide and the antibody is treated
with chloramine-T, e.g., as reported by Greenwood et al,
Biochem. J., 89, 114 (1963) and modified by McConahey et
‘al, Int. Arch. Allergy Appl. Immunol., 29, 185 (1969).
This results in direct substitution of iodine atoms for
hydrogen atoms on the antibody molecule, presumable on
tyrosine residues, possibly also on tryptophan and even
on phenylalanine residures, depending on the proportions
of reagents and the reaction conditions. Alternatively,
lactoperoxidase iodination may be used, as described by
Feteanu, supra, page 303, and references cited therein.

Some more advanced methods of 1labeling are
disclosed in pending applications U.S. Serial Nos.
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introduction of various metal radioisotopes may be
accomplished according to the procedures of Wagner et
al, J. Nucl. Med., 20,428 (1879); Sundberg et al, J.
Med. Chem., 17, 1304 (1974); and Saha et al. J. Nucl.
Med., 6, 542 (1976). The foregoing are mnerely
illustrative of the many methods of radiolabeling
proteins known to the art. .

Examples of compounds useful for MRI image
enhancement include paramagnetic ions, e.g., GA(III),
Eu(III), Dy(III), Pr(IXI), Pa(IV), Mn(II), Cr(III),
Co(III), Fe(IXI), Cu(II), Ni(II), Ti(III), and V(IV)
ions, or radicals, e.g., nitroxides, and these would be
conjugated to a substrate bearing paramagnetic ion
chelators or exposed chelating functional groups, e.g.,
SH, NH,, COOH, for the ions, or linkers for the radical
addends.” The MRI enhancing agent must be present in
sufficient amounts to enable detection by an external
camera, using magnetic field strengths which are
reasonably attainable and compatible with patient safety
and instrumental design. The requirements for such
agents are well known in the art for those agents which
have their effect upon water molecules in the inedium,
and are disclosed, Jinter alia, in, e.g., Pykett,
Scientific American, 246:78 (1982); and Runge et al.,
Am. J. Radiol, 141:1209 (1987).

It is well understood that many of the same
methods for introducing metals, directly or in the form
of chelates, into antibodies will be suitable for
introduction of MRI agents into the antibody conjugates
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MRI agents advantageously have a large number of para-
magnetic ions or radicals for enhanced imaging. One
method for introducing a plurality of such ions is to
lcad a -carrier polynier with chelates and 1link the
carrier to the antibody composite, preferably site-
specifically at a site remote from the antigen binding
sites of the conjugate. This has the advantage that
larger numbers of chalators can be attached to the
antibody at fewér sites on the antibody itself, so that
immunoreactivity is not as seriously compromised.
Examples of polymers that are useful for loading the
antibody with chelator include, e.g., polyols,
polysaccharides, polypeptides and the like, such as
those disclosed in, e.g., U.S. Patents 4,699,784 (Shih
et al) and 4,046,722 (Rowland).

one type of polysaccharide is dextran. The
chelator can be functionalized to contain .reactive
groups .towards the dextran hydroxyls, e.g., anhydrides,
isocyanates or isothiocyanates and the like. Alterna-
tively, dextran can be derivatized in a number of ways,
e.g., by conversion to an aminodextran. It will be
appreciaﬁed that similar methods will be useful for
loading a plurality of drug molecules on an antibody or
antibody conjugate, as will be discussed more fully
hareinafter.

The process for preparing an antibody conjugate
with an aminodextran (AD) carrier normally starts with
a dextran polymer, advantageously a dextran of average
molecular weight (MW) of.about 10,000-100,000, prefer-
ably about 10,000-40,000, and more preferably about
15,000. The dextran is then reacted with an oxidizing
agent to effect a controlled oxidation of a portion of
its carbchydrate rings to generate aldehyde groups. The
oxidation is conveniently effected with glycolytic
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aldehyde groups, and subseguent amine groups, is less

advantageous because the polymer then behaves more like

polylysine. A lower number results in less desirable
loading of the chelator or boron addend, which may be
disadvantageous. :

The oxidized dextran is then reacted with a
pblya.mine, preferably a diamine,; and more preferably a
mono- or poly~-hydroxy diamine. Suitable amines include,
e.g., ethylenediamine, propylenediamine. or similar
polymethylendadiamines, diethylenetriamine or 1like
polyamines, 1,3-diamino-2-hydroxypropane or otherwise
like hydroxylated diamines or polyamines, and the like.
An excess of the amine relative to the aldehyde groups
can be used, to insure substantially complete conversion
of the aldehyde functions to Schiff base (imine) groups.

.‘lieductive stabilization of the resultant
intermediate is effected by reacting the Schiff base
internediate with a reducing agent, e.g., NaBH;, NaBH,CN,
or the like. An excess of the reducing agent is used
to assure substantially complete reduction of the imine
groups to secondary amine groups, ‘and reduction of any
unreacted aldehyde groups to hydroxyl groups. The

“resultant adduct can be further purified by passage

through a conventional sizing column to remove cross-—
linked dextrans. An estimate of the number of available
primary amino groups on the AD can be effected by
reaction of a weighed sampl_'e with trinitrobenzene-
sulfonic acid and correlation of the optical density at
420 nm with a standard. This method normally results

can
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CRERRG

A

EMEIW ISHEET

L o i UIIl

icult to treat with system c anti biotic/cytotoxic agent$. %dgb
0 o%OtlA"i

conj ugat es, especially conjugates of antibody/fragnment ¢
target such virus provides a signifi- cantly higher ther
antiviral drugs and toxins, thus enhanei23g their efficag

apeutic_index

y

ly

r

and reduci ng

system c side effects. Targeted radi oi munot herapy with

-3 7- conj ugat es of bod| es/fra ment s and/ or site ereof with
ALLLEECIRRS. SPRRS

t her apeutic r&di 858

p&eGyersion o ca cu ated
number of aldehyde groups to primary amine groups on the
AD,

Alternatively, the dextran can be derivatized by
conventional methods for introducing amine functions,
e.g., by reaction with cyanogen bromide, followed by
reaction with a diamine. The AD should be reacted with
a derivative of the particular drug or chelator, in an
activated form, preferably a carboxyl-activated
derivative, prepared by conventional means, e.g., using
dicyclohexylcarbodiimide (DCC) or a water soluble

-variant thereof.

It will be appreciated that the foregoing is
merely illustrative of art-recognized methods for
appending -radioactive labels and/or drugs or toxins to
antibodies/fragments and that other methods can be used
to prepare conjugates according to the invention.

The scintigraphic imaging method of the
invention is practiced by injecting a human patient
parenterally with an effective  amount for scintigraphic
imaging of the radiolabeled antibody conjugate: By
parenterally is meant, e.qg., intravenously,
intraar__t"erially, intrathecally, interstitially or
intracévitarily. It is contemplated that a subject will
receive a dosage of from about 1 mCi to 50 mCi of
radiolabeled conjugate, the amount being a function of
the particular radicisotope and mode of administration.
For intravenous injection, the amounts are normally:
é-bout 2-10 mCi, preferably about 2-5 mCi, of I-131;
about 5~-10 mCi, preferably about 8 mCi, of I-123; about
10-40 mCi, preferably about 20 mCi of Tc-99m; about 2-§5
mCi, preferably about 4 mCi of In-111 or Ga-67. Amounts
of other imaging radionuclides will be readily deter-
mined by the ordinary skilled 'artisan, by reference to
the above isotopes and in view of the half-life of the
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comprising: a sterile injectable solution containing an

effective amount of the radiolabeled conjugate in a

pharmaceutically acceptable sterile injection vehicle,
preferably phosphate~buffered saline (PBS) at
physiological pH ‘and concentration. Other conventional
pharmaceutically acceptable vehicles may be utilized as
required for the site of parenteral administration.

A representative preparation to be parenterally
administered in accordance with this invention will
normally contain.about 0.1 to 20 mng, preferably about 2
mg, of.radiolabeled. antibody conjugate, in a sterile
solution which-...a-dvantageéusly also contains, e.g., about
10 mg of human serum albumin (1% USP: Parke-Davis) per
rilliliter of 0.04M phosphate buffer (pH 7.4 Bioware)
containing 0.9% sodium chloride.

Once enocugh isotope has deposited at the target
site, scanning is effected with either a conventional
planar and/or SPECT gamma camera, or by use of a hand
held gamma probe used externally or internally to
localize the infecticn. The scintigram 1is normally
taken by a gamma imaging camera having one or mnore
windows for detection of. energies in the. 50-500 XeV
range. The target site can be any site having the
pathogen or its antigens present in a relatively
concentrated focus.

Magnetic resonance imaging (MRI) is effected in
an analogous method to scintigraphic imaging except
that the imaging agents will contain MRI enhancing
species rather than radioisotopes. It will be



(e.g., T¢-99m) or for therapy (e.g., astatine- 211; r} . '
an antinmalarial drug (e.g., pyrinmethamne) for nore s ?ﬁ#%éﬁi Térsgggi’“
P It i

Toxopl asnosis is also resistant to system ¢ chenot her
whet her MAbs that bind specifically to T. gondii, or
anti bodies, can play a role in the i nmupe response to tpxopl asnosis
in the case of nalarial parasites, app?%ﬁ?iately targeting
effective vehicles for the delivery of therapeutic agents

ear

, as

- 38- app%%@ﬁ@é&’ mtﬁ?éts theV delohd iy 2o idl Nidhenomenon
operates on a different principle from séint;igraphy.
Normally, the éignal generated is correlated with the
relaxation times of the magnetic moments of protons in
the nuclei of the hydrogen atoms of water molecules in
the region to be imaged. The magnetic resonance image
enhancing agent acts by increasing the rate of
relaxation, thereby increasing the contrast between
water moleculés in the regicn where the imaging agent
accretes and water molecules elsewhere in the body.
However, the effect of the agent is to increase both T,
and T,, the former resulting in greater contrast, - -while
the latter results in lesser contrast. Accordingly the
phenomenon 1is concentration-dependent, and there is
normally an optimum concentration of a paramagnetic
species for maximum efficacy. The cptimnm concentration

i will varj with the particular agent used, the locus of
imaging, .the wmode of imaging, i.e., spin-echo,
- saturation-recovery and for various other strongly T,
dependent or T, dependent imaging techniques, and the
composition of the medium in which the agent is
dissolved or suspended. These factors, and their
relative importance are known in the art. See, e.g.,
Pykett; op.cit., and Runge et al., op.ci;.

The MRI method of the invention is practiced by
injecting a mammal, preferably a human, parenterally
with an effective amount for magnetic resonance imaging
of a conjugate according to the present invention of an
éhtibody conjugate including an MRI enhancing agent. It
is contemplated that a subject will receive a dosage of
labeled conjugate sufficient to enhance the MRI signal
at the site of infection by at least about 20%, prefer-
ably 50-500%, the amount being a function of the
particular paramagnetic species and the mode of
administration. '



infection, is initiated by free-swi nmng cercariae that]
freshwater snails. As in the case of malaria, there ar
of cercariae involved in the infectious process. MAbs
plurality of stages of cercariae, optionally to a plurality “oﬂ&ﬁdﬂti_‘e_ﬂo
one or nore.thereof, and preferably in the formof a poliygpecific
conposite, can be conjugated to an I nagzeg or therapy ade or effective

hat bind to
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targeti ng and enhanced therapeutic efficacy. MAbs that b
or nore forms of Trypanosoma cruzi, the causative agent of Chagas'

di sease, can be made 2g@insedther .dakekadn apeikodnt nEFNIVLEetE s BB crobi al
infection. Thaodénidwtby phovidedi &8 dvarijectdile (idpardtie® for

i 7ferent: at mamadSian 0 oleq | ERRARsARY " 8 "Hrel14 T 3o tiREny"
i magi ng and tieepmEaticon agont humans ivsss opr'BYpicaﬂ-cmamaﬁtdmrfbn t he
g\?g%/i abl e dr u%és‘?{%ae%f Betg%og ég?c?tloi,ﬁfsf &%ﬁgﬁaﬁigﬁég&ﬂY bodi es
that specifi GARBFiFSRF 13 StEFile dnjegt %Ft SpdutiAn: |GONLAINING: 3R M
| eprae can beefifstetive Camotlt Ccos! thegilapededoeonjugalte in a pharma-
ceutically acéeptahle sterile injection vehicle, prefer~
ably phosphate-buffered saline (PBS) at physiological pH
and concentration. Other conventional pharmaceutically
acceptable vehicles for parenteral administration may
be utilized as required for the site of parenteral
administration.

A representative preparation to be parenterally
administered in accordance with this invention will
normally contain about 0.1 to 50 mg, preferably about 5
ng, of labeled polyspecific antibody composite, in a
sterile solution which advantageously alsoc contains,
e.g., about 10 mg of human serum albumin (1% USP: Parke~
Davis) per milliliter of 0.04M phosphate buffer (pH 7.4
Bioware) containing 0.9% sodium chloride. Once enocugh
of the “MRI agent has deposited at the target site,
scanning is effected with a conventional MRI camera to
image the infection.

In a preferred embodiment of this invention, the
localization ratio of the primary labeled antibody
conjugate is enhanced through the use of a nonlabeled
second antibody to scavenge non-targeted circulating
conjugate and promote its clearance, as disclosed for
related imaging agents in Goldenberg, U.S. Patent No.
4,624,846, the disclosure of which is incorporated
herein in its entirety by reference. This technique is
likewise applicable to an antibody or antibody composite
conjugated to a therapeutic dfug, as will be discussed
hereinafter. The term "localization ratio" is utilized
in its conventional sense, i.e. the ratic of target to



attenuated or fragnented M leprae or its surface anﬁwa 'Can

be used, alone or in conbination, to target imaging| RERIAGEMENRCS

antibiotic/ cytotoxic agents to the bacill us. et MTAT C par gsijtic

i nfections, e.g., Strongyl- oidosis and Trichinosis, {the %97 atji yel y
lrrg@ !ﬁgl dat es

refrac- tory towards chenot herapeutic agents, are suijtab - flor
anti body-targeted diagnosis and theraﬁ? according to Isi{ng
anti bodi es that bind specifically to one or, preferabgy,

_ _ toaplurali'g] of
epi topes on xEor}let raéefﬂts Iatr?g 'hodf conjugate. In general, the setond

antibody is used in an amount that will enhance the
localization ratio of the primary antibody conjugate by
at least about 20 percent and typically by 50 percent or
more.

The second antibody may be whole IgG or IgM, or
a fragment of IgG or IgM, so long as it is capable of
binding the primary antibody conjugate to form a complex
which is cleared from the circulation and the non~-target
spaces more rapidly than the primary antibody conjugate
by ditself. Preferably, the second antibody will. be
whole IgG or IgM. If the primary antibody is a fragment
of IgG or IgM, it is preferable that the second
.antibody be whole IgG or IgM so that the primary/
secondary complex retains the capability of activating
the complement cascade. Conversely, where the primary
antibody . is - whole IgG, the second antibody may be. a
fragment.if the complex still retains complement-fixing .
caéability.

It is preferred that at least ocne of the
primary/secondary pair be whole IgG or IgM. One
advantage of using IgM is that it forms a higher
moleculai' weight complex with primary antibody or with
detached conjugates, ie., diagnostic and/or therapeutic
principles such as drugs, chelating agents, radio-
nuclides, and the 1like. This will increase the rate
and effectiveness of clearance of non-target primary
antibody and/or principle, especially from blood.

. The second antibody can be prepared by methods
disclosed in the aforementioned Goldenberg ‘846 patent.
Monoclonal anti-species IgG& is also available and is
advantageously used as second antiboedy in the present
process. Non-metallic conjugates, e.g., radioiodinated
linking groups or organic paramagnetic species such as
nitroxides, can alsc be haptens to which the second
antibody is specific.
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post-administration. If the primary antibody is not
administered intravenously , it may be advantageous to
administer at least a portion of the second antibody by
the same parenteral route. It is advantageous however,
to inject at least a portion of the second antibody
intravencusly to accelerate clearance of primary
antibeody which has diffused into the circulatory system.

An alternative or adjunct to the use of second
antibody to clear circulating labeled primary antibody

and enhance the localization ratio of- the primary

antibody is utilization of image-enhancing subtraction
techniques as disclosed in the foregoing 'Goldenberg
patents as well as the references cited therein. This
is an art~recognized technigue wherein an indifferent
antibhody or fragment is labeled with a radionuclide
capable . of independent detection, and the labeled
indifferent antibody is injected into the subject .
This aritihody has ‘substantially the same Kkinetics of
distribution and metabolism as the primary antibody
during the period required for imaging. The injection
of such antibodies 1is preferred over conventional
subtraction agents, such as Tc-99m-labeled  serunm
albumin, which are nevertheless suitable for use to
enhance image processing by compensating for background.
The use of the radiolabeled indifferent antibody as a
subtraction agent permits computerized correction for
nontarget background radiation from organs which effect
clearance of antibodies from the circulatory system.

It will be appreciated by those of ordinary
skill in the art that the primary monoclonal antibody



1 RhEPLALCMENT QRECt

i sotopes,” drugs, toxins and other cytotoxic agents produce] hkErmat opoietic
toxicity as a side effect of their adm nistration, adm nisirhtii®hJaN 997
effective amount of a cytokine, especially a |ynphokine of pther growh
factor, to mtigate or prevent such toxicity and to stinul pt e=TrETTOW
production, is advantageous and is a papy-of the invention Such
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admnistration will be effected anal ogously to that disclosed I n commonly
assigned and copending U S. Patent Application Serial No. 174,490, the
entire discl emd e I PfE éxent antidraded utdildized as & Subtzaction
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primary monoclonal antibody and the indifferent antibody
immunoglobulin from untargeted areas at substantially
the same rate. It is further -preferred that the second
antibody be specific to a constant region of the primary
and indifferent immuncglobulin species.

The amount of second antibody introduced will
generally be that amount which can decrease the
circulating primary antibody by 10-85% within 2-72
hours. The ratioc of second antibody to primary antibody
which will affect the clearance will depend upon the
hindingﬂprOperties of the primary and secondary antibody
pair. Preliminary screening of patient blood in vitro
can be used to provide an initial estimate of the
appropriate ratio. The screen will be used to
determine the ratio of second antibedy to priméry
antibody required to obtain a precipitin band in, e.g.,
a gel diffusion test. This indicates the general range
of the molar ratio of second antibody to primary
antibody, which serves as a measure of the lower limit
for theﬁratio, since in vivo application may require a
higher ratio of second antibody to primary antibody than
is indicated by such in wvitro tests.

In practice, the molar ratio of second antibody
to primary antibody will generally be in the range of
about 5-50, although the range should not be considered
limitative. Molar ratios of second antibody to primary
antibody of 15-25, and preferably 20-25, have been found
to be advantageous where both the primary and the second
antibody are whole IgG.

Imaging preparations and kits can include second
antibody, in a separate container, for injection at an
appropriate time after administration of the antibody
conjugate.



- 40- fullest extent. The follow ng preferred specific enbodinents are

therefore to be construed as nerely illustrative, and not Iimtative of the
remai nder of the disclosure in any way what soever.

EXAMPLES In the foll owi ng exanples, all tenperatures are set
forth uncorrect in degrees Celsius. Unlgss other- wse indicated, all parts
and percentages are by weight. Exanple 1 Specific
muri ne nonocl onal anti body to H V-gpl 60 M ce are hyperi nmuni zed

with the gpl 60 envel PRAYP B S Ohnar ARl ihsOfadd Vikhouwhiphddiel Y@bacwt es from

the hyperi ”még'ti%gx?ré' ré%lfséc%r eonf lljasae o\getng nS:E%{:%bFe%a 2Hat may infect
a human. | They c<an be found in any of the readily
available art-recognized compendia of drugs and toxins,
such as the Merck Index and the like. = Any such
antibiotic or cytotoxic drug ' can be conjugated to an
anti-pathogen antibody or antibody composite to form a
therapy agent according to the present invention, and
the use of such a conjugate to improve the targeting of
an antibiotic or cytotoxic drug to a focus of infection
so as to increase its effective concentration at the
site is a part of the present invention.

One or more antibiotic or cytotoxic drugs can be
donjugated to a polymeric carrier which is then
cdnjugated to the antibody or antibody composite, for
therapeutic use. In certain cases, it is possible to
partially or. completely detoxify a drug as part of the
antibody conjugate, while it is in circulation,. which
can .reduce .systemic side effects of the drug or .toxin-
and permit its use when systemic administration of the
drug would be unacceptable. Administration of more
molecules of the drug conjugated to a polymer which is
further conjugated to the antibody, permits therapy
while mitigating systemic toxicity.

The methodology of this invention is applicable
to the therapeutic treatment of infections by conju-
gating the primary antibody or antibody composite to an
antibiotic or cytotoxic drug or toxin. Art-recognized
methods of conjugating drugs or toxins to immunoglobu-
lins are described, e.g., in: the chapter by 0’Neill,
entitled “The Use of Antibodies as Drug Carriers," in
Drug Carriers in Biology and Medicine, G. Gregoriadis,
ed., Academic Press London, 1979; Arnon et al., Recent
Results in Cancer Res. 75: 236, 1980; and Moelton et
"al., Immunolog. Res. 62:47, 1982, showing art awareness.
These methods are quite similar to the methods employed
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or antigens associated with their lesions.
such antibjotic or cytotoxic drugs, including,
e.g,., tetracyclines, chloramphenicol, piperazine,

chloroquine, diaminopyridines, metroniazide, isoniazide,

rifampins, streptomycins, sulfones, erythromycin,
polymixins, nystatin, amphotericins, 5-fluorocytosine,
s~iodo-2’deoxyuridine, l1-adamantanamine, adenine
arabinoside, amanitins and azidothymidine (AZT), are
preferred for coupling to appropriate specific
antibodies/fragments and antibody/fragment composites.
Various other potential antibiotic/cytotoxic agents for
use in this invention are listed in Goodman et al., “The
Pharmacological Basis of Therapeutics,™ Sixth Edition,
A.G. Gilman et al, eds., Macmillan Publishing Co., New
York, 1980, showing general art awareness. Various
conditions appropriate and desirable for targeting drugs
to specific target sites have been reviewed e.g. by
Trouet et al., in Targeting of Drugs, G. Gregoriadis et
al., eds., Plenum Press, New York and London, 1982, pp.
19-30, fshowing clinicél knowledge of how such targeting
would benefit patients suffering from infectious
lesions. -

The use of a second antibody, as described above
in an imaging context, will increase the effectiveness
of the therapeutic agent according to the invention in
the same manner as for the diagnostic imaging conju-
gate. The effectiveness of the thérapeutic agent is
expressed in terms of its therapeutic index which,
utilized in the conventional sense, is defined as the
ratio of therapeutic effects to undesirable side
effects. It is often defined in terms of a quantitative
measure of efficacy vs. toxicity in a standard model
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-41- " Monocl onal antibodies to other H V-antigehscanbe~used Th
patients that do not have significant blood levels of th nt1g ‘%}\
significant blood | evels of anti body t hat bl ock bindi ng ¢f it he {
nonocl onal anti body. Example 2
92m Tc- MAb- 160s1- FAb' i magi ng agent Purified -160sl, prepare

according to Exanple 1, is converted t32the F(ab')[err] "TTAagment w L n
pepsin and the dival ent fragnent converted to Fab' by reduction W th

cystine. After renoval of cystine by filtration, _the_Fab’'
conpounded WEYSteMuergredthe ratio ot the median lethal dose (LD,.,)

to the median effective dose (EDy). The use of second
antibody as described herein produces an increase in the
therapeutic index of antiviral antibody and antibody
composite conjugates by clearing nontarget primary
antibody and/or. detached thérapeutic principle. In
addition to being specific to the primary monoclonal
antibody as discussed above, in the instance of the
therapeutic preparation, the second antibody can be
specific to the therapeutic agent. It can also be
specific to a carrier for the therapeutic agent. .

Therapeutic preparations contemplated herein
comprise monospecific anti-pathogen antibodies/ frag-
ments as defined above, conjugated to a therapeutically
effective radioisotope and/or antibiotic/ cytotoxic
drug, in a suitable vehicle for parenteral administra-
tion. A therapeutic preparation may likewise comprise
a polyspecific anti-pathogen antibody/ fragment com~
posite conjugated to a radioisotope and/or antibiotic/
cytotoxic drug. ‘

It is advantageous in certain cases to combine
a drug> with a radionuclide, especially where ' the
pathogen "hides* or is somewhat inaccessible. The
longer "'rang'e action of radionuclides can reach hidden
pathogen so long as some antigen is accessible to the
conjugate. Also, radiation can cause lysis of an
infected cell and expose intracellular pathogen to the
antimicrobial drug component of the conjugate. -
' - Therapeutic preparations may also include a
separately packaged second antibody as described above.
Suitable vehicles are well known in the art and can
include, e.g., analogous sterile PBS solutions to thoee
used for administration of diagnostic imaging agents, as
discussed hereinabove. -

The anti-microbial polyspecific imaging conju-
gates and monospecific or polyspecific therapeutic



reduci ng ‘agent, preferably SnC[err], and |lyophilized. 9

Tc- MAb- 160s1-Fab' is prepared just prior to patient inj ?HESMQﬁMﬂHdSHEETQ
nCi of 99niTc-pertechnetate in sterile saline to the vial jc ntal nin
| yophi li zed MAb-160sl - Fab' . Exampl ml? ti o]
of .131-1-MAb-160s1+2-F(ab')[err] Purified MAb-160Qs and ,
prepared according to Exanple 1, are eagB-converted to Fab" fragwrents. as
described in Exanple 2. The thiol groups of the MAb-160s2 _fragnments are

capped w th iodoacetani de and the capped fragment is derivatized wth—-—- I
mal ei i de- hycbwiggates niaﬂchrquni tbmbdeoatinvention, adsd c¢an fbagnents
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reacted with one anot orm a c em ca bi v oSite
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activity of fokfg%dfeéog? ugate of the present invention, either as
a lyophilxzed preparation or in an injection vehicle.
If the conjugate is to be used for scintigraphic imaging
or for radioisotope therapy, it will generally be
provided as a cold conjugate together with reagents and
accessories for radiolabeling, in separate containers,
while MRI agents and therapeutic drug/toxin conjugates
will generally be supplied with a paramagnetic species
or an antibiotic/cytotoxic agent already conjugated to
the antibody/fragment - ¢omposite or monospecific
antibody/fragment. The kit may further contain a
second, separately packaged, unlabeled antibody or
antibody fragment specific against the antibody or
fragment or the therapeutic agent, a carrier therefor,
or a chelating agent for the radionuclide or para=-
magnetic ion.

The imaging preparations and methods of this
invention are able to detect and image relatively small
foci of infection and are easy and safe to use. The
therapeutic reagents and methods of the invention
provide a means to target sites of infection with
radioisotopes and drugs to improve the therapeutic index
thereof, reduce their systemic side effects and enhance
thelr efficacy.

Radlonucllde 1mmunocon3ugates are particularly
effective for microbial therapy. After it has been
determined that 1labeled antibodies are localized at
infectious sites in a subject, higher doses of the
labeled antibody, generally from 20 mCi to 150 mCi per
dose for I-131, 5 mCi to 30 nCi per dose for Y-S0, or
S mCi to 20 mCi Re~186, each based on a 70 kg patient

weight, are injected. Injection may be intravenous,
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year old male patient is being treated with AZT and be

the drug, expressing HV- p24 antigen in his blood. He e
has daily episodes of chills and fever. An inmunoscintif

slts mal al se

Ie2. Tot

performed using an inaging agent prepared according to Ex
vial containi ng -34-

intraarterial, intralymphatic, intrathecal, or intra-
cavitary (i.e., parenterally), and may be repeated. It
may be advantageous for some therapies to administer
multiple, divided doses of antibody or antibody
composite, thus providing higher microbial toxic doses
without usually effecting a proportional increase in
radiation of normal tissues.

A variety of radionuclides are useful for
therapy, and they may be incorporated into the specific
antibody by the labeling techniques discussed above, as
well as other conventional techniques well known to the
art. Preferred therapeutically effective radionuclides
‘are astatine-211, bismuth~212, yttriume-so, rhenium-186,
rheniun-188, copper-67, iodine-131, and iodine-125,
although other radionuclides as well as photosensi-
tizing agents are also suitable. ’

i i A further aspect of the present invention
relates to the use of antibodies containing a signifi-
cant number of boron atoms, having at least the 20%
natural, abundance of loron-10 isotope. The boron-
containing addend may be introduced by a variety of
methods;. such as described in U.S. Patent ' 4,824,659
(Hawthorne), incorporated herein in its entirety by
refereﬁce. The bhoron-10-containing antibody can be
radiolabeled according to one or more of the above
pProcedures to produce an antibody containing both one or-
more radiolabels for infection detection and/or therapy
and a high content of boron-10 atoms for the absorption
6f thermal neut_rdns. Alternatively, the boron-labeled
antibody can be used without the attachment of a gamma-
emitting isotope to the antibody. The infectious
lesions are then irradiated with a well collimated beam
of thermal neutrons, which are preferentially absorbed
by boron-10 nuclei on the boron-coht_aining addends, and
the activated nucleus decays rapidly to lithium-7 and an
alpha~-particle. These resultant alpha-particles are

nd



1 my of !yophilized Fab' is added 20 nC of gener at or.-
pertechnetate in PBS. After 5 mnutes, the imging agent is injected jand
the patient is scanned 3 hours later with a ganma canerp it SREC#RHode.

I ntense foci of bound Tc-99m are observed in numerous; | ynph nodes an
t he spleen. Anal ogous detection and inmagi ng offother viral
I nfections can be effected using singk&dantibody or
radi ol abel ed or MRl enhancer-| abel ed conjugates accordlng to the general
met hods illustrated in the foregO|ng e
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Ganma canera shows | cRSFACHMRRLY; SAEBEEIVES dppafcdeftn WO daa' 47
with 99m TcmméabbmposMS ofatha@resent dnvention is the
treatment of acquired immune deficiency syndrome (AIDS)
and the prodromal immuncdeficiency Known as AIDS-related
complex (ARC), due to HIV infection. While there is no.
cure for AIDS or ARC, drugs that block reverse tran-
scriptase activity, which is a unique feature of the HIV
retrovirus, are being investigated in AIDS pétients.
However, patients eventually become resistant and
relapse, thus requiring other therapeutic modalities.
AIDS patients develop circulating antibodies to
different HIV components, such as viral core antigens,
envelope glycoprotein antigen complex, and transmembrane
protein. The major reactivity in AIDS patients is
directed against a possible viral envelope glycoprotein
of molecular:weight 41,000 (gp4l). It would not have.
‘been predictable- that antibodies could be useful for
targeting HIV in humans, since it might have been
expected that the patient’s own antibodies would
saturate¢. the target sites needed for targeting of the

exogenons HIV antibodies.

It is now found that exogenous monoclonal
antibodies to HIV, particularly antibodies specific to
certain envelope glycoprotein epitopes, have high
selectivity and affinity for the virus, and in fact can
be distinguished in terms of epitope specificity from
the naturally-ocourrinq human HIV antibodies. Immuni-
zation of micé with HIV envelope.glycop;otein antigen
extracts have generated monoclonal antibodies that react
with different envelope antigen epitopes. sSingle such
monoclonals, but preferably a combination of such
antibodies, are preferred anfibodylcomponents of the
antibody conjugate according to the invention, for use
in HIV infection detection, imaging and therapy.
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i ndi cate: that the patient can be safely treated with #86- G of the

radi oi odinated MAb. He is injected with 180 nC of
131-1- MAb- 160s- 1+2-F(ab')[err]. over the course of jthe Heé AN \Mvaeek ,

bl ood |l evels of p24-H V antigen drop rapidly and an{i gen_is._undeteciapl e
after 3 weeks. A second imaging study after four weeks with 99m Tc- -

- 43- 160s- Fab' is negative, failing tgehow | ocal kzatien—af—boure~tc- 99m
in lynmph nodes or spleen. At this tinme, the patient shows other signs of

| nprovenent, with abatenent of fever. Anal ogous anti-viral

t her apeuti ¢ chttenpatively, human or simian antibodies can be

isolated from their hosts by conventional immunogleobulin
isolation and purification methods, and selected as
targeting agents by their ability to target (e.g., by
immunofluorescent staining methods) HIV-infected cells
in vitro. Human antibodies are preferably those which
target epitopes on the virus that are AQifferent and
geparate from major antigenic sites. Simian antibodies
are preferably produced in animals in which successful
models of HIV infection have been achieved. Monoclonal
human or simian antibodies can be produced by Xknown
techniques, involving; e.g., transfection of mouse
myeloma cells with human or simian DNA for antibody
production, as disclésed, e. g.,"'*:Ln Cillies et al.,
Biotechnology, 7(3):79_9-&;04, 1989; Nakatani et al.,
Bictechnology, 7(8):805-810. | T

i Thus,i “a ‘composite HIV antibody preparation,
conjugated t6 a radionuclide, e.g., bismuth-212. or
another short-range alpha-emitter, or to an inhibitor of
reverse. transcriptase, can be used at therapeutic doses
of the radionuclide or drug to effectlvely treat
patlents with AIDS.

, Other diseases also have proven to be resistant
or refractory ‘towards systemic chemotherapy. These
include various viral, fungal, bacterial and protozoan
infections, as well as particular parasitic infections.
Other viral infections include those caused by influenza
virus, herpes virus, e.g., Epstein-Barr virus and
dytomegalovirus, rables virus (Rhabdoviridae) and
papovavirus, all of which are difficult to treat with
systemic antibiotic/cytotoxic agents. Use of antibody
conjugates, especially conjugates of antibody/fragment
composites, to target such virus provides a signifi-
cantly higher therapeutié index for antiviral drugs and
toxins, thus enhancing their efficacy and reducing

| St - .i

systenic side effects. Targeted radioimmunotherapy with



be nade for treatment of other viral infections, usinBERiASEYENEISHEET

met hodol ogy illustrated in the foregoing exanpl es.
EXAMPLE 6 Anti-mal arial antibodies Mce ate hygﬁ]rj erj M t h
merozoites from Plasnodium falciparum Spl eenocyt és|fr ﬁ pert

I mmuni zed animals are fused with SP2/0 n];el oma cel |l $ and-the-fused-ce|ls
diluted in HAT in mcrotiter plate wel ré7= After 10 days, the supernat ant
fromwells containing growi ng hybrids are tested fof—specrfic—brmdrmy to

1950 abel oqUitislfy 4 Y 17 VA REBEATER) bl | I 67 M upg il 08k "
cont ai ni ng mitherge witthy therapeutic oradiciaqtanes s(inaluding dexen Three

of the 20 posidderas | fesvatasie %ﬁmlﬁ}&m méwtzt&@iermf@sa Jnearhe
presence of one anot her (herel ”aq\a&ﬁ% col |l ectively a-ner-MADb,

i ndi vi dual | y 2PRRSARF ¥ mer- MAb3), are each expanded in
cul ture, . Protozoans that are relatively resistant to

systemic chemotherapy include, e.qg., Plasmodia
(especially P. falciparum, the malaria parasite),
Toxoplasma gondii (the toxoplasmosis infectious agent),
Leishmaniae (infectious agent in leishmaniasis), and
Escherichia histolytica. Detection and treatment of
malaria in its various stages is significantly enhanced
using the antibody/fragment conjugates of the invention.:
As noted above, MAbs that bind to sporozoite antigens
are known. However, since sporbzoite antigens are not
shared by blood stage parasites, the use of MAbs against
sporozoite antigens for tatgeting is limited to a
relatively short period of time in which the sporozoites
are free in the circulation, prior to and just after
injection of and development in the host’s hepatocytes.
Thus, it is preferable to use a mixture of MAbs or a MAb
composite against, e.g., more than one parasite stage of
P. falciparum, as a targeting agent for the more
effecti_\_'r"e treatment of malaria in humans that are not
responding to conventional chemotherapy. The MAbs are
conjugated to a suitable radionuclide for imaging
(e.g., Tc-99m) or for therapy (e.g., astatine-211;

rhenium-186), or with an antimalarial drug (e.g.,
pyr:.metham.ne) for more salective therapy.

Toxoplasmosis is also resistant ¢to system:.c
chemotherapy. It is not clear whether MAbs that bind
specifically to T. gondii, or natural, host antibodies,
can play a role in the immune response to toxoplasmosis
but, as in the case of malarial parasites, appropriately
targeting MAbs are effective vehicles for the delivery
of therapeutic agents. .



and used to produce ascites fluid in Balb-c mce. Each a-ner-MAb is
purified fromthe ascites fluid by affinity chromatography on protein A
The clones are determned to be of 1gG subclass and are used to prepare
conj ugat es. By a conpl etely anal ogous route, three clones that bind
specifically to P. falciparun1sporozoigg§ (hereinafter, collectively

a-spo- MAb, and individually a-spo-MALTI?® a-spo-MAb2 and a-spo-MAb3) are
made, -44- expanded and

asci tes-produced norogl POl S L PLT 1 fd eflidely prevalent helminth
infection, is initiated by free-swimming cercariae that
are carried by some freshwater snails. As in the case
of malaria, there are different stages of cercariae
involved in the infectiocus process. MAbs that bind to
a plurality of stages of cercariae, optionally to a
plurality of epitopes on one or more thereof, and
preferably in the form of a polyspecific composite, can
be conjugated to an imaging or therapy agent for
effective targeting and enhanced therapeutic efficacy.

MAbs that bind to one or more forms of
Trypanosoma cruzi, the causative agent of Chagas‘.
disease, can be made and used for detection and
treatment of this microbial infection. The MAb noted
above which reacts with a cell~-surface glycoprotein, as
well as MAbs reactive with other surface - antigens on
differentiation stages of the trypanosome, are suitable

- for directing imaging and therapeutic agents to sites of-
parasitic infiltration :in the body.

Another very difficult infectious organism to
treat by available drugs is the leprosy bacillus
(Mycobacterium léprae). Antibodies that specifically
bind to a plurality of epitopes on the surface of M.
leprae'éan be médeé e.g., by challenginq a mouse with
attenuated or fragmented M. leprae or its surface anti-
gens, and these can be used, alone or in combination, to
target imaging agents and/or antibiotic/ cytotoxic
agents to the bacillus.

' Helminthic parasitic infections, e.g., Strongyl-
oidosis and Trichinosis, themselves relatively refrac-
tory towards chemotherapeutic agents, are suitable
candidates for antibody~targeted diagnosis and therapy
according to the invention, using antibodies that bind
specifically to one or, preferably, to a plurality of
epitopes on the parasites. 3
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They are'also determined to be of the Igderr] subclass. Preparation
of Anti-malarial Conjugate Each of the purified a-ner-Mbs and

a- spo- MAbs prepared according to Exanple 6 is converted to a Fab, fragnent
with pepsin, followed by cystine reduction, anal ogously to the procedure of
Exanple 2, and the fragnents are capped wi th excess iodoacetam de. To an
equi nol ar m xture of the six different-88pped Fab' fragnents, in agueous
solution, at pH 4.5, is added a 50-fold nolar excess of gl ut ar al dehyde,
foll owed about 5-15 minutes |later by a 30-fold nolar ;ess of pyri-

met hami ne (each rel atdweibedies axs Avaidahde oF FBRc2astl¥nbe FrAsed
fragments), ofwathepdciifically | BeHattesl mest6 &f a:he37ineci—b8esT hend

byri et ham neALEERS SR TARREI LR for e aiiop (AR BE e lond 4n,,

mol ecul ar weuyhunsageat s$ldustrahedt byolthec forr gygdlisglasuremnd
citation of references. Many of these have been used
previously for in vitro diagnostic purposes and the
present invention shows their utility as components of
antibody conjugates to target diagnostic and therapeutic
agents to sites of infection. Microbial pathogens and
invertebrate parasites of humans and mammals are
organisms with complex life cycles having a diversity of
antigens expressed at various stages thereof.
Therefore, targeted treatment can best be effected when
antibody conjugates which recognize antigen
determinants on the different forms are used in
combination, either as mixtures or as’ polyspecific
conjugates, linked <to “the appropriate therapeutic
modality.. The sane prinéiple applies to using the MAb
reagents for detecting sites of infection by attachment
of imaging agents, e.g., radicnuclides and/or MRI
enhancing agents.

'To the extent that the therapeutic radio-
isotopes, druygs, toxins and other cytotoxic agents
produce hematopoietic toxicity as a side effect of their
administration, administration of an effective amount of
a cytokine, especially a lymphokine or other growth
factor, to mitigate or prevent such toxicity and to
stimulate marrow production, is adﬁantageous and is a
piart of the invention. Such administration will be
effected analégously to that disclosed in commonly
assigned and copending U.S. Patent Application Serial
No. 174,490, the entire disclosure of which 1is
incorporated herein by reference.

without further elabor&tion, it is believed that
one skilled in the art can, using the preceding
description, utilize the present invention to its ]
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sterilefiltered. EXAMPLE 8 Mal ari a Ther apy

A patient suffering froma |late stage attack of P falciparumnmalaria and
experiencing chills and fever is infused with a solution of the

anti-mal arial conjugate according to Exanple 7, in physiological saline. A
rapid drop in blood | evels of nmerozoites is observed and the chills and
fever subside within a few hours. The4®tient's |iver receives both

mer ozoi te- conjugate conpl exes and unconpl exed conjugate, both of which

rel ease rinmethamne to s orozmtes
by fullest exten The fogfowﬁ/g preferred specific

embodiments are therefore to be construed as merely
illustrative, and not limitative of the remainder of the
disclosure in any way vhatsoever.

EXAMPLES

In the following examples, all temperaturas are
set forth uncorrect in degrees Celsius. Unless other-
wise indicated, all parts and percentages are by weight.

Example 1
Specific murine monoclonal antibody to HIV~gplé6Q

Mice are hyperimmunized with the gpl60 envelope
precursor-proteéin of HIV-1. Spleen lymphocytes from the
hyperimmunized animals are fused with SP2/0 myeloma
cells and.the fused cells diluted in HAT in microtiter
plate wells. After 10 days the supernatant from wells
containing growing hybrids are tested by ELISA for
reactivity with gpl60. Wells containing monoclonal
antibodies reactive with gpl160 are subsequently screened
for reactivity with HIV-1 envelope proteins gp120 and
gp4l (gpl60 products). Clones specific for gpl160 which
are not blocked by antibodies in human serum from

~ seropositive AIDs patients, are subcloned. Four clones
with high specificity and affinity, at least two of
which can bind to HIV in the presence of one another
(iiereinafter, collectively MAbL-160s, and individually
MAb-160sl, MAb-160s2, MAb-160s3, MAb-160sS4), are each
expanded in culture, and used to preduce ascites fluid
in Balb-c mice. Each Mab-160s is purified from the
ascites fluid by affinity chromatography on protein A.
The clones are determined to be of IgG, .ubclass and are

used to prepare conjugates.

REPLACEMENT SHEET




- 45- I nhi biting recurrence of the attack. In addition, slow hydrolytic
cl eavage of the Schiff base |inkages to pyrinetham ne produces a prol onged
plasma | evel of the drug which also effects a suppressive cure of the

i nfection. Frequent nonitoring of the patient's blood permits the infusion
to be adjusted to achieve optimal drug |evels and therapeutic effect.

Anal ogous conj ugates using single or mufdrple antibody/fragnent conjugates
of drugs or radionuclides that bind to toxoplasnbsis protozoan

[ [ [ ' i al , fungal
2nd other morobial SO ans RGN TR o B - At RE <A on o
t he foregoi ndpea lUsest riat ipatisntsdehah daysothhaveheighiilflieandr thlsmod wi | |
appreci - atejeRdd hee | BheClHMRIYARUSLDsRYni ¥ikaRR! OASDE §80eRE tdeat ed
using these Ca%rgi%%%ye%hat block binding of the anti-HIV monoclonal

antibody. '

Example 2

Preparation of 99m-Tc-MAb-160s1-FAb’ imaging agent

Purified MAb-160sl, prepared according to
Example 1, is converted to the F(ab’), fragment with
pepsin and the divalent fragment converted to Fab’ by
reduction with cystine. After removal of cystine by gel
filtration, the Fab’ is compounded with a buffered
reducing agent, preferably SnCl,, and lyophilized. 99m=-
Tc-MAb-160s1-Fab’ is prepared just prior to patient
injection by adding 20 mCi of 99mTc-pértechnetate in
sterile saline to the vial containing the lyophilized
MAb~160s1~Fab“ . |

Example 3

Preparation of 131-I-MAb-160s1+2-F(ab’),

Purified MAb-160s1l and MAb-160s2, prepared
according to Example 1, are each converted to Fab’
fgragments as described in Example 2. The thiol groups of
the MAb-160s2 fragments are capped with iodoacetamide
and the capped fragment is derivatized with maleimide-
hydroxysuccinimidé p-nitrobenzoate ester, and the
fragments are 'separately purified by gel filtration.
The purified fragments are reacted with one another to
form a chemically linked bivalent composite with dual
specificity for the gp-160 antigen. The composite is
radioiodinated with I-131 by the chloramine-T method, to
achieve an activity of 180 mCi per dose.

REPLACEMENT SHEET
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EXAMPLE 9 Speci fic nonocl onals to Mycobacterium | egrae A series
of nonocl onal antibodies that specific- ally bind to | eprosy bacilli are
produced by hyperinmu- nization of mce with a sonicatet terium

| eprae, fusion of resultant splenocytes and screeni ng of 5f8h§$ﬁ@w¢

specific binding to the bacilli by conju- gating supernatan .
contai ning growi ng hybrids with fluoresé@rn, incubatingft eJq?Bj%Pates
| eprae, washing, and detecting bound anti bodi g et Jé

fixed M
l'i ght.

un

. Four positive clones are_ suhcl gned, expanded-and
' Y . : -Eﬁﬁ%é;e 4 -
asci tes-produced anti bodi es are puri ording to

to those of Exanple 1.

e

Diagnostic Imaging
A 24 year old male patient is being treated with

AZT and becomes resistant to the drug, exXpressing HIV-
p24 antigen in his blood. He exhibits malaise and has
daily episodes of chills and fever. An immunoscinti-
graphy study is performed using an imaging agent
prepared according to Example 2. To the vial containing
1 mg of lyophilized Fab’ is added 20 mCi of generator-
produced sodium pertechnetate in PBS. After 5 minutes,
the imaging agent is injected and the patient is scanned
3 hours later with a gamma camera in SPECT/mode.
Intense foci of bound Tc~-99m are cobserved in numerous
lymph nodes and in the spleen. . .
Analogous detection and imaging of other viral

infections can be effected using. single ‘antibody or -

multiple antibody radiolabeled or MRI enhancer-labeled
conjugates, according to the general methods illustrated
in the foregoing examples. '

Exanple S

AIDS Therapy |

The patient of Example 4 is given a S mcCi
dosimetry injection of 131-I-MAb-160s1+2~F(ab’),,
prepared from an aliguot of a standard dose according to
Example 3. Planar imaging using a gamma camera shows
intense accumulation of I-131 in the same sites imaged
with 99m-Tc-MAb-160s~Fab’. Blood pharmacokinetics
indicate that the patient can be safely treated with 180
mCi of the radioiodinated MAb. He is injected with 180
mCi of 131~-I-MAb-160s~1+2-F(ab’}),. Over the course of
the next two weeks, blood levels of p24-HIV antigen drop
rapidly and antigen is undetectable after 3 weeks. A
second imaging study after four weeks with 99m-Tc-MAb-

W97




- 46~ : EXAMPLE 10 Preparation of Leprosy

Ther apeutic Conjugate A m xture of the four nonoclonal antibodies
produced according to Exanple, 9 is gently oxidized with periodate to

cl eave an average of one sugar residue in the carbohydrate region. An

am nodextran to which an average of twenty carboranes are attached is
reacted with the oxidi zed anti body, and‘f%ﬁ Schiff base conjugate is
stabilized with borohydride. The resultant conjugate is radioiodinated with

| 13L anal oogusly ot s REQSEHE e O £ NPT 50 o G S BEEY S AR13G1 10 1Y ©f

bound Tc-99m in lymph nodes or spleen. At this time,
the patient shows other signs of improvement, with
abatement of fever. | .

Analogous anti-viral therapeutic conjugates can
be made for treatment of other viral infections, using
the general methodology illustrated in the foregoing
examples. |

EXAMPLE 6
ti-ma antib 5 ’

Mice are hyperimmunized with mnmerozoites from
Plasmodium falciparum. Spleenocytes from the hyper-
immunized animals are fused with SP2/0 myeloma cells and
the fused cells diluted in HAT in microtiter plate
wells. After 10 days, the supernatant from wells
containing growing hybrids are tested for specific
binding to merozoites bound to polyacrylamide beads with
glutaraldehyde, using an I-125~labeled rabbit anti-mouse
IgG. Hybridoma  clones from wells containing merozoite-
binding monoclonal antibodies are subcloned. Three of
the 20 positive clones, each of which can bind to
merozoites in the presence of one anather (hereinafter,
collectively a-mer-MAb, and individually a~mer-MAbl, a-
mer-MAb2 and a-mer-MAb2), are each expanded in culture,
and used to produce ascites fluid in Balb-c mice. Each
s~-mer~MAb is purified from the ascites fluid by affinity
éhromatography on protein A. The clones are determined
to be of IgG, subclass and are used to prepare
conjugates.

By a completely analogous route, three clones
that bind specifically to P. falciparum sporozoites
(hereinafter, collectively a-spo-MAb, and individually
a-spo-MAbl, a~spo-MAb2 and a-spo—MAb3) are made,




A patient suffering fromacute, dissem nated |eprosy, wt
numer ous skin | esions, that has been refractory to conve
chenot herapy, is infused intravenously with a 70nC dose fi rf s4ig 28N
conj ugat e produced according to Exanple 10. G adual re
with localization of the conjugate at the sites

| esions and in other foci, which are det4ectabl e by gama
After five days, non-localized conjugate is substanti- ally cleared and

occurs,

i jonal

tion 1n féve

u
.
i_ntigraphy.

RRFUACEMENS, SHEET
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excreted, but lesions and foci of infection still contain bound conjugate.
The patient expahdadeandsagcites-produsadceuonpelontlacareonurdsiiediocussed

on the scint4gegphieahlyodabeatadnedsitdnbeand tae 169G, i Mhwsiags. Wthin the

fol l owi ng week, signi- ficant necrosis at the site of the lesions is
observed, and regeneration of tissue comrences at the borders of the

| esi ons.

Conventional chenotherapy is then resuned, with further

| mprovenent shown, permtting eventﬂghgéﬂﬁffSSfU| managenent of the

patient.

Preparation of Anti-malarial Conjugate -

Each of the purified a-mer-MAbs and s-spo-MAbs
prepared according to Example 6 is converted to a Fab’
fragment with pepsin, followed by cystine reduction,
analogously to the procedure of Example 2, and the
fragments are capped with excess iodoacetamide. To an
egquimolar mixture of the six different capped Fab’
fragnents, in aqueous solution, at pH 4.5, is added a
50~fold molar excess ©of glutaraldehyde, followed about
5-15 minutes later by a 30-fold molar excess of pyri-
methamine (each relative to the total numbér of moles of
antibody fragments), and the mixture is incubated for &
hr at 37¢°C. The resultant conjugate has an average of
2-3 Fab’' fragments and 5-10 pyrimethamines per conjugate
molecule. The conjugate is freed of low molecular
weight réagents on a short polyacrylamide gei column and
sterile filtered.

EXAMPLE 8

Malaria Therapy

) A patient suffering from a late stage attack of
P. falciparum malaria and experiencing chills and fever
is infused with a solution of the anti-malarial
conjugate according to Example 7, in physioclogical
saline. A rapid drop in blood levels of merozoites is
observed and the chills and fever subside within a few
hours. The patient’s liver receives both merozoite-
conjugate complexes and uncomplexed conjugate, both of
which release pyrimethamine to sporozoites, thereby




-47- - The precedi ng exanpl es can be repeated with simlar success
by substituting other described reactants and/or operating condltlons of

this invention for those used in the precedi ng exanpl es. Thus,
anti bodi es to other human di sease- produci ng pat hogens and/ or thelr
antigens, e.g., any of the other illustggtive pathogens enuner-ated herein,

can be produced and incorporated into imagi ng and therapy agents accordi ng
to the invention, and can achi eve successful diagnostic and therapeutic
results in pdnhdditing recurfenvd lef firecgditagklesdni priddciocme sdow | ed in

the art can gasidon ASCET £3blvhle eSFeié sthardCiBELs™ 1inkages to
pyrimethamine produces a prolonged plasma level of the
drug which also effects a suppressive cure of the
infection. Freguent mdnitoring of the patient’s blood
permits the infusion to be adjusted to achieve optimal
drug levels and therapeutic effect.
~Analogous conjugates using single or multiple
antibody/fragment conjugates of drugs or radiocnuclides
that bind to toxoplasmosis protozoan antigens,
schistosomal antigens, trypanosomal antigens, bacterial,
fungal and other microbial or parasitic antigens can be
produced by variation of the foregeing illustrative
methods in ways that the skilled artisan will appreci-
ate, and the infections caused by such pathogens can be
treated u51ng these conjugates.

EXBMPLE 9

Specific monoclonals to Mycobacterium leprae

A series of monoclonal antibodies that specific-
ally bind to leprosy bacilli are produced by hyperimmu-
nizatiod? of mice with a sonicate of Mycobacterium
leprae, fusion of resultant splenccytes and screening of
clones for specific binding to the bacilli by conju-
gating supernatant from wells containing growing hybrids
with fluorescein, incubating the conjugates with fixed
M. leprae, washing, and detecting bound antibodies under
u.v. 1light. Four positive clenes are subcloned,
expanded and ascites-produced antibodies are purified
according to procedures analogous to those of Example 1.

stz
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tics of this invention and, without departing fromthe spirit and scope

t hereof, can make various changes and nodifications of the invention to
adapt it to various usages and conditions.

48 The cl ainms defining the invention are as foll ows: 1. A sterile
i nj ectabl e preparation for targeting a focus o infection in a human
patient, conprising an i munoreactive c@gposite of a plurality of

chem cally-1inked anti bodies or antibody fragnents which bind to a
plurality of accessible epitopes on a single species of pathogen or an
antigen derived therefrom said col¥aMPLE 38 ng conjugated to at |east one
di agnostic or therapeutic agent to forma pol yspecific anti body conj ugat e;
i n conmbinatiq . acceotab e ster | e injection

vehi cl e. Sparatio BB EEY PEUH, 3gaL® 2 focus of

i nfection, conpri si ngAt ha:s:nnpz bfl nq:lmt |f|ogzra nanoehbnamf aﬁﬁbcmiésa

i o the' ol et dreeteind o ans 4 MK GaRIY AP R

whi ch the co qgat
f ocus, wher etéﬁ rdakaFeseieaye PﬁeﬁHﬁé‘éﬁPcO\fum @mqmmmdm efmect ed.

the carbohydrate region. An aminodextran to which an
average of twenty carboranes are attached is reacted
with the  oxidized antibody, and the Schiff base
conjugate is stabilized with borchydride. The resultant
conjugate is radioiodinated with I-131, analogously to
the procdure of Example 3, to achieve an activity of 70
mCi per dose.

EXAMPLE 11

Leprosy Therapy i

A patient suffering from acute, disseminated
leprosy, with high fever and numerous skin lesions, that
has been refractory to conventional chemotherapy, is
infused intravenously with a 70mCi dose in saline of the
conjugate produced according to Example 10. Gradual
reduction in fever occurs, with localization of the
conjugate at the sites of subcutaneous lesions and in
other foci, which are detectable by gamma scintigraphy.
- After five days, non-localized conjugate is substanti-
ally cleared and excreted, but iesions and foci of
infection still contain bound conjugate. The patient is
then exposed to a collimated thermal neutron beam,
focussed on the scintigraphically detected lesions and
foci of infection. Within the following week, signi-
ficant necrosis at the site of the lesions is observed,
and regeneration of tissue commences at the borders of
the lesions. Conventional cherdotherapy is then resumed,
with further improvement shown, pémittinq eventual
successful management of the patient. REPLACEMENT' SHEET




3. * “Apreparation or nethod according to claim1l or 2, wherein said

di agnostic or therapeutic agent is selected fromthe group consisting of a
radi oi sot ope, a magnetic resonance i mge enhancing agent, a therapeutic
radi oi sotope, a boron addend, an anti- pathogenic drug or a cytotoxic
agent . 4. A preparation or nethod according to any one of clains
l1to 3, mhereln sai d anti body conjugategspecifically binds to a plurality
of accessi bl e epitopes of said pathogen or pathogen associ ated anti gen

whi ch are not saturated or bl ocked by the patient's native anti bodi es.

5. A preparation oFheetpreEeding dergrpdesnycame ke repeated t with

fragnents t hes chiRef! Coodl | DY) SOSEERISL NS ne”‘”’m“‘;rc‘??%?%m?%' any
oneor o1 af nereactante paalor enraRbERa: radltioed conrEalt cLeBRnEisRe | S a
conj ugate of foranthessumsed in the pﬂepedumgat examplesnt hod'rnueor di ng
to claim®6, | d ant ff

anti bodi es whiC ﬂgg 'gg%otg’nté%g%fsmgg@ggl a 35 ;#nggu?l@’hgégﬁgé +:"€-ul ating
at a significamd/eByelthein hantigens: s Breodst rﬂmﬁ] Qﬁd/ dﬁhQ)y ethenct with
bound pat hOg:EI‘l@éti@é\tilOéen pathogenscd drlindi®ited aNHefBRACIULHN I epgvery of

antiserum enr.i ch ant bO.dI es that _bjnd to sal d pat hoge

pat hogen- asscR:’r'% Qnﬁ‘b‘tns"n orporated 5; g?ﬁﬁl o%ngr ﬁ@?ﬁﬂ@y
accordi ng t o agsnts e agicardingr secdthyg cimrers:m ebyuhacdnpanbhgevel s an
RNA or DNA Vighise é@ﬁﬁﬁedd Eﬁ%%hﬁcgr%coﬁéfigéﬂt & @it

i mmunodefi ci enc VI rus herpes virus, cytomhegal ovirus, aﬁal es VI rus,
i nfluenza vi rR% tl t| s B virus, Sendai virus, feline Ieukem a virus,

Reo virus, polio VI I USrol UBRE seruqnnaqvaelsi:kﬁpth.bus, o ki ViddISif0,
respiratory et yéﬂ-'f ag:aﬁ/ iéé'éilmgertain the essential characteris-
tics of this invention and, without departing from the
spirit and scope thereof, can make various changes ang
modifications of the invention to adapt it to various
usages and conditions. ‘




mammary tunor virus, Varicella-Zoster virus, Dengue virus, rubella virus,
nmeasl es virus, adenovirus, human-T-cell |eukem a viruses, Epstein-Barr

virus, murine | eu s virus, vesicular storrat | 1] S
Si ndbi s virus, ”’”"”gm’ﬂ@?m ngitis virus, war e
[ ;M b
: 9

tongue virus. ration or net hod accrﬁ

the group consi sti ng of St rept ococcus
49 agal acti ae, Legionella pneunophila, Streptococcus py
coli, Nei sseMHATYFFOGIPIIED i sseria neningitidis, Pn
Henmophi l us i nfl uenzae B, Treponema pallidum Lynme dis

Pseudononas _aer u i ngsa, ﬁélcobactgr hgm | epr ae, ?r uceg la 2 rt"ui,
Mycobact er i uﬁn'tub r &ReRtlE iniesta eppration fop, tardeling,®ition or
nmet hod accor dictmst @fannfeetidn tire priamed patolextys caﬁmnesmgal d pat hogen

is a protozoan sel ected f[y0 Is c | Sid r]g:@f gaﬂgg "| par um
Pl asnodi um vi vax, Toxoplé\s)nan&% A |:L i y(pyg‘floso nge* ry anoso
cruzi, Trypanosona himsiestensan, epitoneosomna heingle speciesseof
mansoni , . Schi st osorraﬂaqggjgéyrar @bﬁ&d@yl@nﬁé@m% a,gfNchocerca
vol vul us, Lei shmani a
{b) an immunoreactive composite of a
plurality of chemically linked antibodies or
antibody fragments which bind to a plurality of
epitopes on a single species of pathogen or an
antigen derived therefrom;
said antibody or antibody fragment or
composite being conjugated to at least one
diagnostic or therapeutic agent to form an
antibody conjugate; _
in combination with a pharmacologically acceptable
sterile injection vehicle.

2. The use of *

(a) an antibody or antibody fragment which
binds to an epitope on a single species of
ﬁathogen or an antigen derived therefrom, or

(b) an . immunoreactive composite of a
plurality of chemically linked antibodies or
antibody” fragments which bind to a plurality of
epitopes on a single species of pathogen or an
antigen derived therefrom; '

said antibody or antibody fragment or
composite being conjugated to at least one
diagnostic or therapeutic agent to form an
antibody conjugate;

in the preparation of an agent for use in a method of
diagnosis or therapy of a focus of infection, wherein a
patient infected with a pathogen is injected
parenterally with said antibedy conjugate, and the
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tropica, Trichinella spiralis, Theileria parva, Taenia hydatigena, Taenia
ovi s, Taeni a sagi nata, Echinococcus granul osus and Mesocestoides corti.

11. A preparation or nethod according to any one 33 ' I ' | ai s,
wherein said pathogen is a helmnth or a malarial p MHM'mﬁmmmE A
preparation or nethod according to any gne of the precedi ng§ ctaiqs,» wherein
sai d pathogen is a nycopl asma sel ect ed #P5m t he group consi sting of

Mycopl asma arthritidis, M hyorhinis, M orale, M arginini, Acholeplasm
laidlawii, M ' | ne ' . . P rati.on
according to %%@%%%%#n}?ﬁgg%%%ﬁgﬁi # ét;b %?ﬁge%ﬁgh.a%q%e# c%%%&?gé a
second anti bty spid sfacus, cwheyebyndhe dixgrcgbihe uga ctherapeutiount

suf f.i ci ent t OophSeEEdn l E8eP@BE N g 0brakeegOnj Ugate in the patient's
circulation by 10-85%w thin 2-72 hours, as a separate conponent, in
conbi nation with a pharnmacol ogically acceptable sterile injection vehicle.

14. A net hal. ac@orpiasatatioy owre ude chatondng otb2,cldi elln axr sggond
ti body that i i hj ' ‘0D] L0 t
reparation. {HSEEin Gl Giydiihest 3 CnRPUATIE Adetitife Sde28R% 7

after adni ni SEFQmiEhe reup FavHskine ofify ikadinisotepri ni Zmagpetke of

sai d conj ugatfeséndice Sﬁnagéf ehbishdiHe Gget, a8 THeYApeRItidi fadgparate
preparation of second anti body is. a nistered to,said Eatlent which is
sufficient t*FERRE tfe Qﬁﬂﬁntaqsﬂe’gi PR oA EHaPRERRIeRLC, drug, 0 a

circul ation byytidedbdé vagémb. 2- 72 hours. 15. A preparation
according to claiml1l, wherein said therapeutic agent is an antibiotic or
cytotoxi c agent that causes hematopoietic toxicity as a sjde effect of its
admi ni strati dhr WherRBFePATREAGR cBEr RGO RFEPXFERT cERPrGIRIR dpADndkly as a

separate wherein said antibody conjugate specifically binds to
one or a plurality of accessible epitopes of said
pathogen or pathogen-associated antigen which are not
saturated or blocked by the patient’s native antibodies.

5. A preparation or use according to claim 1 or 2,
wherein said antibody or antibodies or antibody fragment
or fragments are monoclonal antibodies or fragments
thereof.

6. 2 _pi‘eparation or use according to claim 1 or 2,
vherein said immunoreactive composite conjugate is a
conjugate of an antiserum.

7. A preparation or use according to claim 6, wherein
said antiserum is affinity purified by: removal of
antibodies which bind to antigens associated with said
pathogen circ{zlating at a significant level in the
patient’s bloodstream; and/or by contact with bound
pathogen or pathogen-associated antigens, and subseguent
recovery of antiserum enriched in antibodies that bind
to said pathogen or pathogen-aésocia\_ted antigens.
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corrponeht a cytokine; and wherein in said nethod,

cytokine sufficient-to m-tigate—or prevent the hemato - OXICI y \of
sai d agent |sa d patient, at a ti Ti tant
wi th or subsequ mm@"ﬁ!m‘ ilI m‘ﬂ on of said therapeputyc

16. A net hod aGCordi 2, V\,herelnacytok ng_is optiopal Iy

as a separate conponent, to prepare saP@-agent; and |
an amount of said cytokine sufficient to mtigate or}
hemat opoi eti g ent

toxicit IS
50 admi ni st éted ¥Ea53§118ﬂt u%et?ﬁ%oxﬁ?uag 8, cclor%ccrm tar’ft fth or
subsequent twhmm saidt mtkmfgesalxs tdrer Bk uok c D¥An vigaise selected17. A

ot hon of GG e LeBURoSLbe helfs e e R BimiRALI BN

i nf ection, conpr Pses i nject1ng a patient I nfect e
par ent er al | WiNus a(BEVYspche¥Pes anyi¥esiy @Fﬁq}b%ﬂ%l%ﬁw'spé@lﬂ%ﬁl Iy

binds to a priris] tinPluassessitile, tupgatiedsoB ehrds pasdnpel wvirws, a

B ooy corfehkate 13RkelRh, FErEpth Virkd Sun el VLGS, Womdgld,

agent for damnpﬁmm@m oviruveat sdpisni dvim%cﬁ%n respiratory
syncytial virus, mouse mammary tumor virus, Varicella-
Zoster virus, Dengue virus, rubella virus, measles
virus, adenovirus, hnman T-cell leukemia vn-usas,
Epstein-Barr virus, murine leukemia virus, mumps virus,
vesicular stomatitis virus, Sindbis virus, lymphocytic
choriomeningitis wvirus, wart virus and blue tongue
virus. | -

e

9. A preparation or use according to claim 1 or 2,
wherein said pathogen is a bacterium selected from the
group consisting of Streptococcus agalactiae, Legionella
pneumophilia, Streptococcus pyogenes, Escherichia coli,
Neisseria gonorrhosae, Neisseria meningitidis, Pneumo~-
coccus, Hemophilis influenzae B, Treponema pallidum,
Lyme disease spirochetes, Pssudomonas aeruginosa, Mjrco—
bacter:',ﬁin leprae, Brucella abortus, Mycobacterium
tuberculosis and Tetanus toxin.

10. A preparation or use according to claim 1 or 2,
wherein said pathogen is a protozoan selected from the
group consisting of Plasmodium falciparum, Plasmodium
vﬁvax, Toxoplasma gondii, Trypanosoma rangeli, Trypano=-
soma cruzi, Trypanosoma rhodesiensei, Trypanosoma
brucei, Schistosoma mansoni, Schistosoma japanicum,
‘Babesia bovis, Elmeria tenella, Onchocerca volvulus,
Leishmania tropica, Trichinella spiralis, Theileria
parva, Taenia hydatigena, Taenia ovis, Taenia saginata,
Echinococcus granulosus and Mesocestoides corti.
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" A preparation or use according to claim1l or 2, At
is a helminth or a mﬂ‘aﬂ*a%patgm te. 12. A prepr;;Ell’l.cl‘m)\ﬂiﬂfN’{ls‘iaH &ccprding

to claiml or 2, vvhe at hogerr is a nmycopl as
group consistlng l& thrltldls M
M arginini, Achol e M sali vari u

B

—-5 -

1l1. A preparation or use according to claim I or 2,
vherein said pathogen is a helminth or a malarial
parasite.

12. A preparation or use according to claim 1 or 2,
wherein said pathogen is a mycoplasma selected from the
group consisting of Mycoplasma arthritidis, M.
hyorhinis, M. ©orale, M. arginini, Acholeplasma
laidlawii, M. -_salivari_um and M. pneumoniae.

3. A preéaration_ according to claim 1, which further
comprises, as a separate preparation, a second antibody
that specifically birds to said conjugate, in an amount
sufficient to reduce the amount of said conjugate in the
patient’s circulation by 10-85% within 2~72 hours; in
combination with a pharmacblogically accepfable sterile
injection vehicle.

14. A use according to claim 2, wherein a second
antibody that specifically binds to said conjugate is
used, as a separate preparation, to prepare said agent;
and wherein in said method, at a time after administra-
tion of said conjugate sufficient to optimize uptake of
said conjugate at ﬁhe site of said infection, an amount
of said separate preparation of second antibody is
administered to said patient which is sufficient to
reduce the amount of said conjugate in the patient’s
circulation by 10-85% within 2-72 hours. '

15. A preparation according to claim 1, wherein said
therapeutic agent is an antibiotic or cytotoxic agent
that causes hematopoietic toxicity as a side effect of
its administration; wherein said preparation further
comprises, as a separa'te'prepa'ration,- a cytokine; and
wherein in said method, ‘an amount of said cytokine
sufficient to mitigate or prevent the hematopoietic
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13. *A preparation according to claim1, which further_conpri-ses, "as a
separate preparation, a second anti body t hat specifi cal | y bi rm said

conjugate, in an amount sufficient to reduce the ammm‘““" j ugat e

in the patient's circulation by 10-85%w thin 2-72 knati on
with a pharmacol ogically acceptable sggrile injectidn vehrcl e. 14. A use
according to claim2, wherein a second anti body that specifically binds to-
said conjugate is used, as a separate preparation, to prepare said agent;
and wher ei reoxicizivd afeteedad aa;era; tismcntindistecdedn itst said partiEntsai d

conj ugate of f] cLpnl pesgR! ikl ZCHRiGR it With Cap] BBtk g1 e Of
said infectton, an a eparate preparation o secon ant i body
i s adnini staémmltﬁ*}rgéfr-’(?fpaﬁﬂ eﬁﬂlm}lﬁfﬁEﬁw iQINEIIA%LR r educe the anmount  of

said conjugate in the patient's circulation by 10-85%w thin 2-72 hours.

16. A use according to claim 2, wherein a cytokine is
used, as a separate preparation, to prepare said agent;
and wherein in said method, an amount of said cytokine
sufficient to mitigate or preveht’- the hematopoietic
toxicity of said agent is administered to said patient,
at a time prior to, concomitant with or subsequent to
administration of said therapeutic conjugate.
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15" A'pfeparation according to claim1, wherein said therapeutic agent is
an antibiotic or cytotoxic agent that causes henatopoietic toxicity as a
side effect of its administration; wherein said preparation-further

conprises, as a separate preparation a cytokine; and mmﬁn in said"

met hod, an anount of sai d cytokine sufficient to mtigat tRe,
W th

hemat opoi eti c -52-
agent is admnistered to said patient, ad3a tine pri or t
or subsequent to adm nistration of said therapeutic conjugate.

DETECTION AND TREATMEN’T OF INFECTIONS
WITH IMMUNOCONJUGATES

ABSTRACT

The use of: (a) an aﬁtibody or antibody fragment which binds to an epitope on a

- single species of pathogen or an antigen derived therefrom, or (b) an immunoreactive

composite of a plurality of chemically linked antibodies or antibody fragments which
bind to a plurality of epitopes on a single species of pathogen or an antigen derived
therefrom; said antibody or antibody fragment or composite being conjugated to at least
one diagnostic or therapeutic agent to form an aﬁtibody conjugate;

in the preparation of an agent for use in a method of diagnosis or therapy of a
focus of infection, whergin'a patient infected with a pathogen is injected parenterally
with said antibody conjﬁ'gate, and the conjugated diagnostic or therapeutic agent is
targeted to said focus, ﬁhereby the diagnostic or therapeutic function thereof is effected.

A sterile, injectable preparation for such use is also provided.
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156'."’-A use acc ' m‘jﬁu wherein a cytokine is usei EMENTRISMEET
preparation, mm‘ﬂmm“l\ S \agent; and wherein in said mg Eﬁ.A@ :

of said cytoking& stfficient to nitigate or prevent the he
toxicity of said agent is admnistered t M%aid patient, a
conconi t an{Thej daims defiriisg theeinventiomadre as followsi on of sai d

(égfll ]‘j??t e. 1. A sterile injectable preparation for targeting a focus of T2
patient, comprising an immunoreactive composite of a plurality of chemically-linked
antibodies or antibody fragments which bind to a plurality of accessible epitopes on a
single species of pathogen or an antigen derived therefrom, said composite being
conjugated to at least one diagnostic or therapeutic agent to form a polyspecific antibody
conjugate; in combination with a pharmacologically acceptable sterile injection vehicle.

2. A method of diagnosis or therapy of a focus of infection, comprising the
step of injecting a patient infected with a pathogen parenterally with an antibody conjugate
as defined in claim 1, in which the conjugated diagnostic or therapeutic agent is targeted
to said focus, whereby the diagnostic or therapeutic function thereof is effected.

3. A preparation or method according to claim 1 or 2, wherein said diagnostic
or therapeutic agent is selected from the group consisting of a radioisotope, a magnetic
resonance image enhancing agent, a therapeutic radioisotope, a boron addend, an anti-
pathogenic drug or a cytotoxic agent.

4. A preparation or method according to any one of claims 1 to 3, wherein
said antibody conjugate speciﬁcaliy binds to a plurality of accessible epitopes of said
pathogen or pathogen—associate& antigen which are not saturated or blocked by the
patient's native antibodies.

5. A preparation or method according to any one of claims 1 to 4, wherein
said antibodies or antibody fragments are monoclonal antibodies or fragments thereof.

6. A preparation or method according to any one of claims 1 to 4, wherein
said immunoreactive composite conjugate is a conjugate of an antiserum.

| 7. A preparation or method according to claim 6, wherein said antiserum is

' afﬁnity purified by: removal of antibodies which bind to antigens associated with said
pathogen circulating at a significant level in the patient's bloodstream; and/or by contact
with bound. pathogen or pathogen-associated antigens, and subsequent recovery of
antiserum enriched in antibodies that bind to said pathogen or pathogen-associated
antigens. . | .

8. A preparation or method according to any one of the. preceding claims
whereby said pathogen is an RNA or DNA virus selected from the group consisting of
human immunodeficiency virus (HIV), herpes virus, cytomegalovirus, rabies virus,
influenza virus, hepatitis B virus, Sendai virus, feline leukemia virus, Reo virus, polio
virus, human serum parvo-like virus, simian virus 40, respiratory syncytical virus, mouse
mammary tumor virus, Varicella-Zoster virus, Dengue virus, rubella virus, measles virus,
adenovirus, human T-cell leukemia viruses, Epstein-Barr virus, murine leuk:émia virus,
mumps virus, vesicular stomatitis virus, Sindbis virus, lymphocytic choriomeningitis

D,

virus, wart virus and blue tongue virus.
9. A preparation or method according to any one of the preceding claims,
wherein said pathogen is a bacterium selected from the group consisting of Streptococcus
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agalactiae, Legionella pneumophila, Streptococcus pyogenes, Escherichia coli, Neisseria
gonorrhosae, Neisseria meningitidis, Pneumococcus, Hemophilus influenzae B,
Treponema pallidum, Lyme disease spirochetes, Pseudomonas aeruginosa,
Mycobacterium leprae, Brucella abortus, Mycobacterium tuberculosis and Tetanus toxin.

10. A preparation or method according' to any one of the preceding claims,
wherein said pathogen is a protozoan selected from the group consisting of Plasmodium
falciparum, Plasmodium vivax, Toxoplasma gondii, Trypanosoma rangeli, Trypanosoma
cruzi, Trypanosoma rhodesiensei, Trypanosoma brucei, Schistosoma mansoni,
Schistosoma japonicum, Babesia bovis, Eimeria tenella, Onchocerca volvulus, Leishmania
tropica, Trichinella spiralis, Theileria parva, Taenia hydatigena, Taenia ovis, Taenia
saginata, Echinococcus granulosus and Mesocestoides corti.

11. A preparation or method according to any one of the preceding claims,
wherein said pathogen is a helminth or a malarial parasite.

12. A preparation or method according to any one of the preceding claims,
wherein said pathogen is a mycoplasma selected from the group consisting of
Mycoplasma arthritidis, M. hyorhinis, M. orale, M. arginini, Acholeplasma laidlawii, M.
salivarium and M. pneumoniae.

13. A preparation according:to any one of the prededing claims which further
comprises a second antibody that specifically binds to said conjugate, in an amount
sufficient to reduce the amount of said conjugate in the patient's circulation by 10-85%
within 2-72 hours, as a separate component, in combination with a pharmacologically
acceptable sterile injection vehicle.

14. A method according to any one of claims 2 to 12, wherein a second
antibody that specifically binds to said conjugate is used, as a separate preparation, to
prepare said agent; and wherein in said method, at a time after administration of said
conjugate sufficient to optimize uptake of said conjugate at the site of said infection, an
amount of said separate preparation of second antibody is administered to said patient
which is sufficient to reduce the amount of said conjugate in the patient's circulation by
10-85% within 2-72 hours. _

15. A preparation according to claim 1, wherein said therapeutic agent is an
antibiotic or cytotoxic agent that causes hematopoietic toxicity as a side effect of its
administration; wherein said preparation further comprises, optionally as a separate
component, a cytokine; and wherein in said method, an amount of said cytokine sufficient
to mitigate or prevent the hematopoietic toxicity of said agent is administered to said
patient, at a time prior to, concomitant with or subsequent to administration of said
therapeutic conjugate. '

16. A method according to claim 2, wherein a cytokine is used, optionally as a
separate component, to prepare said agent; and wherein in said me
cytokine sufficient to mitigate or prevent; the hematopoietic toxigi
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administered to said patient, at a time prior to, concomitant with or subsequent to
administration of said therapeutic conjugate. | _

17. A method of targeting a diagnostic or tﬁerapeutic agent to a focus of
infection, which comprises injecting a patient infected with a pathogen parenterally with a
polyspecific antibody conjugate which specifically binds to a plurality of accessible
epitopes of said pathogen or of a pathogen—associated antigen accreted at said focus of
infection, said antibody conjugate further comprising a bound diagnostic or therapeutic
agent for detecting, imaging or treating said infection.
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DETECTION AND TREATMENT OF INFECTIONS
WITH IMMUNOCONJUGATES

ABSTRACT

The use of: (a) an antibody or antibody fragment which binds to an epitope on a
. single species of pathogén or an antigen derived therefrom, or (b) an immunoreactive
composite of a plurality of chemically linked antibodies or antibody fragments which
bind to a plurality of epitopes on a single sﬁecies of pathogen or an antigen derived
therefrom; said antibody or antibody fragmenf or composite being conjugated to at least
one diagnostic or therapeutic agent to form an antibody conjugate;

in the preparation of an agent for use in a method of diagnosis or therapy of a
focus of infection, wherem a patient infected with a pathogen is injected parenterally
with said antibody conjugate and the conjugated dlagnostlc or therapeutlc agent is
targeted to said focus, whereby the diagnostic or therapeutic function thereof is effected.

A sterile, injectable preparation for such use is also provided.
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