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Antibodies have been modified by chemical conjugation with agents reactive with free amino groups. Among the chemical agents
used in connection with the invention are heterobifunctional reagents and biotin. The modified antibodies are also used in the diagnosis
and therapy of cancer and other mammalian disease. Diagnostic uses include immunescintigraphy. The modified antibodies may be further
conjugated with labels or biologically active molecules for use in diagnosis and therapy. The modified antibodies may also be formulated
inte pharmaceutical compositions for these purposes.

* (Referred to in PCT Gazette No. 391997, Secpion Iy
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ANTIBODIES WITH REDUCED NET POSITIVE CHARGE
Backaround of the Invention
Field of the Invention

The present invention relates generally to the field of medified antibodies. More specifically, the invention
relates to chemically modified antibodies having increased binding specificity, improved pharmacokinetics and focalization
capabilities. These modified antibodies are particutarly useful in the diagnesis and therapy of cancer and other
mammalian disease.

Description of the Prior Art

The use of antibodies, particularly monoclonal antibodies ("MAb's”), has the potential to be an extremely
valuabla approach in the diagnosis and treatment of cancer. An impartant property of MAb's is their specificity for
single antigens. _

MAb's specific to tumor cell antigens have been produced. It has also been shown that MAb's may he
efficiently coupted to adjuncts such as radionuchides. Such radio-labelled MAb's are usef'ul in providing clinical dats,
such as tumor imaging from immunescintography, also known as g-camera imaging or radioimmunoimaging. In immuno-
scintography, the MAh's are allowed to bind to the specific tissue or tumor types having the antigen recognized by
the MAb's. The radionuclides are then visuafized through the use of appropriate technology, such as through the use
of a germanium camera. It is the unique specificity of MAb's which enables their application in immunoscintography
of tumors and other types of tissues.

However, the use of MAb's in immunoscintagraghy has been fimited due to high background levels and low
binding capacity of the MAb's to their antigens. Experimental studies suggest that the hiodistribution of radio-labetied
MAb's is dependent on many facters, including the specificity and clearance time of the antihody. For effective
diagnosis of a tumor through immunoscintography, an antibody should be selected which binds ta an antigen which
is dense and hamogensous an the tumor cell surface. Effective diagnosis through immunascintography alsa requires
that the antibody chosen should effectively bind to the tumor antigen. However, often MAY's which hind to
appropriate antigens do not offer the required high binding atfinity. Additionally, even the use of those MAb's which
hind with high affinity relative to other MAb's may stili produce a high fevel of non-specific binding, resulting in high'
background levels when used in immunoscintography. Thus, there is a need for a method of improving the
effectiveness of hinding of MAb's in arder to improve immunoscintopraphy as a diagnestic tool.

Additionally, the cytotoxic effect of MAb's can be markedly increased by coupling to radionuclides, drugs or
toxins, The unigue specificity of MAb's has raised hopes of the development of immunotherapy. In immunotherapy,
biolopically active agents are delivered using MAb's to particular undesirable cell types, such as tumor cells, thereby
affecting the undesirable cell types without affecting other cells of the subject. However, immunotherapies require
extremely high specificity antihodies in order to avoid affecting healthy tissue. Thus, a method of increasing the
specificity of MAb's would be highly beneficial in achieving the goal of a safe, effective immunotherapy.

Many MAb's remain in the circulation for several days following introduction into a subject. This is

undesirable for at least two rezsons. One reason is that circulating MAb’s produce high background levels in immuno-
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seintography. A second resson is that circulating MAb's coupled to radienuclides or other potentially cytatoxic agents
may produce undesirable side effects in the subjact after prolonged exposure. Thus, there is a need for o method of
decreasing the clearance time of MADb’s. Of course, too preat a decrease would result in MAb's being eliminated befora
any effective use of the MAb's could be made. Thus, there is @ particular need for a method of decreasing the
tlearance time of MAb's without substantially affecting uptake of MAb's by tumor or other target tissue.

One factor which is eritical in determining hath the specificity and clearance time of an antibady is the form
of the antibody. As used herein, an “intact” antibody molecule will refer to an unmodified antibody malecule comprised
of twe heavy chains and twa light chains. The intact, whole antihody molecule is seen on the reactant side of tha
chemical equation of Figure 1. As seen in Figura 1, the intact molecule is divided into the F. and the F,, demains.
Flab’y, the hivalent form of the F,, #ragment, may be praduced through the digestion of the F, domain with a bmtease.

The two heavy chains {designated as “H" in Figure 1) are held together by ane or more disulfide bridges.
In intact molecules these disulfide bridges are normally protected from reducing agents. It has been found however,
that removal of the F, domain allows facile reduction of the disulfide bridges. Thus, F(ah'i, the manovalent form, may
be produted from Flab'), through the action of a mild reducing agent. Parham, P., Dn the Fragmentation of Monoclonal
IgB1, Ig62a, and ¥G2b from BALBJc Mice, J/. /mmumol 131: 2895 (1983), the disclosure of which is hereby
incarporated by refarence, describes a method for the production of Fiab) and F(ab"), A schematic representation of
the changes believed to eccur in this method is shown by the chemical equation of Figure 1.

F. has been found to be responsible far much of the non-specific binding of antiﬁudy molecules. It is also
believed that the molecular weight of the fragments is below the threshald for glomerular filtration, thus aflowing for
rapid elimination of the frapments. Therefare, ane-approach to increasing clearanca time of antibodies for use in
radioimaging has been to break down intact antibedy into various fragments, such as Fab and its divalent form, Flab’},.
As expected, these fragments are cleared from the body so rapidly that their utility is reduced. Moreaver, these
fragments may result in reduced uptake by tumar or other farget tissue relative to intact antibedy. Thus, although
the use of these fragments in immunoscintagraphy may provide better clearance and a higher target tissue 1o
background ratio than with intact MAD's, the absolute concentration of MAb's in the target tissue containing the
antigen to which the MAb's will kind has been found to be up to three times or more as much with intact MAb's as
with either of the fragments. Furthermore, bath types of fragments are removed from the blood stream very
rapidly. Accordingly, the time of effectiveness for diagnostic or therapeutic techniques using these fragments is very
shart,

Heterobifunctional reagents are reagents having two groups capable of participating in different reactions.
For example, succinimidyl 3-(2-pyridyldithiolprapionate (SPDP) is heterobifunctionalin that its N-hydraxysuccinimide ester
group reacts with amino groups and the 2-pyridyl disutphide structure reacts with aliphatic thisls,

* Orlandi et af., Change in Binding Reactivity of an Anti-Tumor Monoclanal Antibody Atter the Introduction of
2Pytidyl Disulphide Groups, Hyhridoma 5:1-8 (1986), reported that an increase in the &7 vire binding of MAb’s raised
against human ovarian carcinoma could be obtained after chemical conjugation with the heterabifunctinnal reagent,
SPDP.
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The conjugated MAb's used by Orlandi et al. had on average, 11 PDP groups per molecule. Orlandi et al.
found that the modified MAb's increase their binding activity /7 wire to an extent that molecules not detected by the
unmodified MAb's can he detected. These researchers reporied no studies af the use of the conjupated MAb's in vivo.
Additionally, these researchers hefieved that molecules having a very low number of antigenic sites were detected by
the conjugated MAb's. Accordingly, the PDP modified MAb's had greatly reduced target-cell specificity relative to the
unmadified counterparts.

Thus, despite the above advances, there remains a nieed for modified antibedy fragments axhibiting greater
specific activity ta tumor antigans, sllowing more absolute concentration of antibedy to accumuiate in tumor, and also
having relatively rapid clearance tims from the blood pooi, yet not so rapid as to reduce therapeutic or diagnostic
effectiveness. )

Brief Description of the Figures

Figure 1 shows a schematic representation of the changes believed to occur in a method of producing Flab'}
and F(ab'), fragments. '

Figure 2 shows whale body retention of differznt preparations of radio-labeled MAb's Lym-1 in athymic nude
mice.

Figure 3 shows the biodistribution as % of injected dose/gram of MAb’s Lym-1 and modified Lym-1 in human
lymphoma-bearing nude mice seven days after injection,

Figure 4 shows the biodistribution as tumorforgen ratios of MAb's Lym-1 and Modified Lym-1 in human
lymphoma-bearing nude mice seven days after injection.

Figure § shows the biodistribution as % of injected dase/gram of MAb's Lym-1 Flab'), and Modified Lym-i
in human fymphoma-bearing nude mice five days after injection.

Figure 6 shows the biodistribution as tumerlargan ratio of MAb's Lyh»l Hab'}, and Modified Lym-1 in human
lymphoma-bearing nude mice five days after injection,

Figure 7 shows the image obtained on day 7 after injection of 1131 labeled intact Lym-1.

Figure B shows the image obtained on day 7 after injection of I-131 labeled modified Lym-1.

Figure 9 shows the image obtained on day 7 after injection of )-131 |abeled modified Lym-1.

Figure 10 shows the image ohtained on day 5 after injection of I-131 labeled modified Lym-1,

Figure 11 shows the whole body retention of different preparations of radio-labeled manoclonal antibodies
B72.3 in athymic nude mice.

Figure 12 shows the biodistribution as % of injected doseigram of MAb's B72.3 and Modified B72.3 in
L8174T cofon carcinoma-bearing nude mice four days after injection.

Figure 13 shows the biodistribution as tumarjargan ratio of MAb's B72.3 and Modified B72.3 in LS174T colan
carcinoma-bearing nude mice four days after injection.

Figure 14 shows the imége obtained on day 1 after injection of 1131 labeled modified B72.3.

Figure 15 shows the image obtained on day 4 after injection of 1131 labeled modified B72.3.
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Figure 16 shows the whole body retention of different preparations of radiolabeled MAb's TNT-1 in athymic
nude mice.

Figures 17A-D show a series of bar graphs. Figures 17A and 17C represent the percentage of injected intact
TNT-1 and biotinylated TNT-1 localizing to tumar and various tissues. Figures 178 and 17D represent ratios of labeled
anfibodies |oealizing to tumar and various organs.

Figure 18 shows a line graph representing whole-body clearance of intact TNT-1, modified TNT- 1 and Flab'),
fragments in Balbjc mice.

Figure 19 shows a line graph representing whole-bady clearance of intaet Lym-1, modified Lym- 1 and Hab’),
fragments in Balb/e mice.

Summary of the invention

One aspect of the present invention relates fo a composition of matter comprising an antibody conjugated
to hiotin at at least one of a plurality of free amino groups disposed on the antibody to produce a modified antibody.
The antibody has a reduced net positive charge compared to intact antibody. The antibody also has an ir vive
tlearance rate between the clearances rates of Fab’), fragments and intact antibodies of the same type. The
antibodies also include a chemical moiety directly attached thereto. The antibody can be a monoclonal antibody or a
polyclonai antibody. The chemical moietyis often a label, such as a radionuclide. The radionuclide can be Technicium
or halogen radionuclide, such as "1 or ¥!I. In certain embodiments, the label is detectable by magnetic resonance
imaging. The chemical moiety can be a biologically active molecular, such as a toxin, a drug and a chelate. Appropriate
drugs include methotrexate, 5-fluaro-uracil, cis-platinum and adriamyein. An appropriate toxin is ticin A-chain.

A particular use of the above composition is a pharmaceutical composition for immunoscintography. The
composition may include a pharmaceutically excipient, carrier or base acceptable for immunoscintography.

Yet another aspect of the present invention is a method of preparing a labeled modified antibody having
increased antigen binding specificity, decreased non-specific binding and decreased /n viva clearance time. The method
includes the following steps: obtaining an intact antibody having binding specificity for an antigen to be detected, the
antibody having a plurality of free amino groups disposed thereon, reacting at feast one of the free amine groups with
biotin to produce a modified antibody, such that the modified antibody has an isoelectric point lower than the
isoelectric point of intact anfibody, and labeling the modified antihody with a detectable label, preferably a radionuclide,
toxin, drug or chelate. The method produces a labeled modified antibody, The label in this method ean be detectable
by immunoseintography, such as by a gamma camera.

Still another aspect of the inventian is a method of localizing an antigen in a mammal. This method includes
ohtaining a labeled modified antibedy having binding specificity for the antigen to be localized. The labeled modified
antibody is conjugated to biotin and has fewer free amino groups and a reduced isoelectric point compared to an
unmodified antibedy of the same type, and has incarporated therein a detectable label. The labeled modified antibody

is administered to the mammal. The method allows the antigen and the labeled modified antihody to bind /n vive. The

" laheled modified antibady bound to the antigen is detected, thereby localizing the antigen. A suitable means for

detection is immunoscintography, preferably using a gamma camera. The modified antibody can be labeled with a
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radionuclide, preferably a halogen radionuclide or Technicium. The antibody can be an intact antibody chemically
madified at free amino groups by canjugation with biotin. Such an intact antibody can be further chemically conjugated
with a heterobifunctional reagent or chemically conjugated with hiotin.

A further aspect of the invention relates ta a method of treating a disease state in a mammal. This methad
inciudes obtaining an intact antibody specific to the diseased tissues in the mammal, The intact anfibody has disposed
thereon a plurality of free amino groups. The method also includes modifying at least ane of the free amino groups
by conjugation with biotin to produce a modified antibody. The modified antibody has a reduced isoelectric point
compared to the intact antibody. A biologically active mofecule is attached to a first attachment site disposed on the
modified antibody other than the site of modification by biotin. The hioiqgically active molecule may be a plant toxin,
adrug or a chelate. Preferably, the active malecule is methotrexate, uracil, cis-platinum or adriamycin. The antibody
is then administered to the mammal, thereby treating the disease state.

Another aspect of the invention relates to a composition of matter comprising an antibody conjugated to a
chemical reagent at at least one of a plurality of free aming graups disposed an the antibady to produce a modified
antibody, the modified aﬁtibody having a reduced net pesitive charge compared to intact antibody, the modified
antibody having an /i vivo clearance rate between the clearance rates of the F(ab), fragments and intact antibodies
of the same type, with the proviso that said chemical reagent is not a heterobifuncticnat agent; and a chemical moiety
attached to the modified antibody, wherein the chemical moiety comprises ricin A-chain.

Another aspact of theinvention relates to amethod of preparing a labeled modified antibody having increased
antigen binding specificity, decreased non-specific binding and decreased /7 wiva clearance time. The method includes
the following steps: obtaining an intact antibody having hinding specificity for an antigen to be detected, the antibody
having a plurality of free amino groups disposed thereon, reacting at least one of the free amino groups with a chemical

reagent, with the proviso that the chemical reagent is not a heterabifunctional agent, the chemical reagent selected

' froma dye, chelator ar hiotin to produce the modified antibody, such that the modified antibody has anisoelectric point

lower than the isoelectric point of intact antibody; and labeling the modified antibody with a chemical moiety
comprising ricin A-chain therehy producing a labeled modified antibody. '

Another aspect of the invention relates to a method of localising an antigen in a mammal. The method
includes the steps; ubtaining alaheled modified antibody having binding specificity for the antigen to be localized, the
labeted madified antibody having fewer free amino groups and a reduced isoelectric point compared to an unmodified
antibody of the same type, the labeled modified antibody having incorporated therein a detectable label, comprising
ricin A-chain; administering the laheled modified antibady to the mammal, thereby allowing the antigen and the labeled
modified antibody to bind /n vivo; and detecting the fabeled modified antibody bound ta the antigen, thereby localizing
the antigen. The labeled modified antibody can be conjugated to a non-heterobifunctional chemical reagent such as
methyl ehelates, other chelators and dyes. Preferably, the chemical reagent is N;S,, NS, EDTA, DPTA, TETA or
FITC.

Yet a further aspect of the invention is a method of treating a disease state in a mammal. The methad

including steps of: cbtaining an intact antibody specific 1o the diseased tissues in the mammal, the intact antibody
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having dispased thereon a plurality of frae amino groups; modifying at least one of the frae amina groups by conjugation
with a chemical reagent to praduced a modified antihody. The modified antibudy having a reduced isoelectric point
compared to the intact antibody, with the provision that the chemical reagent is not & heterobifunctional reagent;
attaching a chemical moiety comprising ricin A-chain to an attachment site disposed on the madified antibody other
that the site of modification by the chemical reagent; and administefing the modified antibady to the mammal, thereby
treating the disease state. The chemical reagent is preferably biotin, methyl chelates, other chelators or dyes. More
preferahly, the chemical reagent is N,S,, N,S, EDTA, DPTA or FITC.

Detailed Description of the Invention
We have discovered that chemical modification of antibodies, including MAb's, human antibodies, geneticaily

engineered antibodies, chimeric antibodies, synthesized antibodies and polyclonal antibodies, by conjugation with a
reagent that modified fres amino groups can increase antigen binding specificity, decrease non-specific hinding and
decrease in vivo clearance times. Antibodies so modified have a reduced net pasitive charge compared to an intact
antibady. Examples of reagents we have used to modify free amino graups in accordance with the present invention
include a heterabifunctional reagent such as SPDP, or a biofinylating reagent. However, those of ordinary skillin the .
art will recognize that a wide variety of chemical reagents can be used to modify free amina groups and thereby lower
the overall isoelectric point of the antibady. Thus, for example, methy! chelates, such as NS, and N,S,, other
chelators, such as EDTA, DPTA and TETA, and a number of dyes, such as FITC, can all be used to achieve effective
results in accordance with the present invention. In Vue/. Med. Biof,, 18:179-185 (1991}, a description of the binding
of NS, to antibodies is described for a purpose other than described hersin in accordance with the present inventian.
This article is hereby incorporated hy reference.

Chemical modifications to free amino groups surprisingly led to enhance accumulation of modified antibodies
in target cells containing the antigen to which the antibodies will bind. Heterobifunctiona! reagents other than SPDP,
including sulfosuccinimidy! 2-{p-azido salieylamido)ethyl1-1,3" dithiopropionate {SASD), sulfosuccinimidyl 2-(m-azido-o-
nitrobenzamida)-ethyl-1,3"-dithiopropionate (SAND), sutfosuccinimidyl (4-azidophenyl-dithio)prepionate (sulfo-SADP)
and 2-aminothialane«HCI {Traut's reagent), are believed to provide similar results when conjugated with antibodies in
accordance with the present invention,

The modified antihodies of the present invention can be advantageously linked ta another chemical moiety
to provide a specific diagnostic or therapeutic benefit. For example, any of a variety of well known labels, such as
a radionuclide or an enzyme, can be attached. A therapeutic moiety, such as an antineoplastic compound or toxin,

can also be attached.
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Both heterobifunctional agents and biotin have been previously used as linkers to attach labels and other
moigties to antibodies. Biotin itself can function as a label in certain circumstances. However, nither biotin nor
heterobifunctional agents have been used with the geal of modifying antibodies to achieve enhanced binding specificity,
decreased non-specific binding and decreased ir vive cloarance times. Thus, unlike i the Present invention, previous
antibodies have not had a modifying agent, such as a heterobifunctional agent or biotin, atiached at a First site theregn
and an attached label or other chemical moiety at a second site theraon. In the present invention, the second
attachment site will generally not have an attached modifying agent of the same type as the modifying agent attached
at the first attachment site.

It is thought that the enhanced accumulation of the modified antibodies is due to enhanced specific binding
capacity. We have found that by conjugating, on average, only one PDP group per antibody molecule that a dramatic
increase in the specificity af the molecule Tor its target cells accurs relative to unmoditied antibody. Similar results
were obtained vsing biotinylated antibodies.

We have also discovered that chemicai modification of free amino groups on IgG by conjugation with a
heterobifunctional reapent or biotin, adventageously, also enhanced clearance from normal tissues. Afthough nat
wishing to be bound by any particular explanation of this effect, it is conceivable that such modifications led to
fragmentatian of the antibody to a form having 2 molecular weight below the threshold for glomerular filtration, thus
aliowing for rapid elimination of the fragments. It is even possible that fragmentation of the antibody to the
monovalent form of the antibody occurs. Whatever the exact form of the resulting fragments, the efimination of these
fragments is, advaniageously, not so rapid so as to curtail the diagnostic or therapeutic effectiveness of the modified
antibodies. o

As disclosed abave, modified antihodies useful in the practice of the invention are chemically modified at free
amino groups and are additionally labeled with a datectable label. Significantly, while either the antibody itself or the
chemical reagent used to modify free amina groups can be labeled, we have also shown that labefling of the modified
antibedy at a site other than at free amino groups can provide en antibody useful in the practice of the invention.
Further, when a fabel is chemically conjugated to the antibody, cither before or after chemical modification of the
antihndy at free amino groups, that label can be attached to the antibody at a site other than at a free amino group
and at a site other than the site of the amino group-modifying reagent whan that resgent is a heterobifunctional
reagent. As specifically disclosed herein, tyrosine residues present in the sntibody protein can be modified by )
radioiodination. Hewever, detectable labels that can be attached to antibody tyrosine residues are not limited to indine.
Other Iahes that can be attached to antibody tyrosine residues include halogen radiontclides, such as isotopes of F,
Cl, Br, I and others. The attachment of such halogen radionuclides to antibodies is described in Withur, Bioconj. Ehem.,
3:433-470 (1992), the disclosure of which i herehy incorporated by reference. Technicium radionuclides hind to other
residues on the antichody molecule. Further; other lahels and methods of labeling antibody proteins are useful in the
practice of the invention, as will ba readily apparent to une having ordinary skill in the art. Those having crdinary skill
in the art will appreciate that functional groups on amine acid side chains of an antibody protein can serve as label

attachment sites. The choice of labels, attachment sites and methads of tonjugating the label and the antibody will
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be appreciated by those having ordinary skifl in the art. The important provision with respect to aperability of the
invention is that the modified antihody have a lahel attached.

Generally, we have discovered that antibedies chemically modified to have reduced isoelectric points {pls)
relative to unmadified antibodies exhibit improved target specificity. More specifically, our results demonstrated that
chemical madification of free amino groups on antibodies can confer this improved targeting specificity. These chemical
madifications may include modification by agents such as, but not limited to the abovereferenced heterobifunctional
agents and biotin. Indeed, any chemical modification of free amino groups present on an antibedy that will effectively
reduee the antibody p? will provide the improved targefing specificity.

While not wishing o be limited by any particular theory to explain the origin of this improvement, we
postulate that nan-specific antibody binding is due partly to non-specific electrostatic interactions. This is reasonable
in light of the observation that MAb's are positively charged at physiotegical pH while mammatian cells are negatively
charged [Eichmann et al, J, Fxp, Med. 131:207 (1570); Silva Filho et al. J. Lewkocyte Biol. 41:143 {1987). Thus,
alteration of the positive charge character of intact antibody effectively diminishes .nnn-spet:'rfic binding due to
interactions between negatively charged tissues and positively charged antibody proteins, By minimizing these non-
specific interactions, antibody specificity attrihutable to the antigen-hinding domains of the antibody is predominantly
responsible for determining binding specificity. Thus, any antibody having a pluraity of aminoside moieties modified
such that the pl of the of the antibody is reduced relative to the unmadified antibody will exhibit improved target
specificity by virtee of having reduced non-specific interactions with non-cognate antigens. However, we also
discovered that a second feature of antibodies modified in accardance with the invention renders them particularly
useful for jn vive antigen focalizatian.

Two factors that can improve the signakto-noise ratio, which can be represented as the "tumorforgan ratio,”
in antihody-based antigen imaging procedures are: {1) increased tumor localization, and {2) decreased levels of non-
spacifically hound labeled antihody. We have now discovered that MAb's chemically modified to have isoelectric points
reduced relative to the unmodified intact MAb can advantageously increase binding specificity while reducing non-
specific binding and decreasing the whele-body clearance time relative to unmodified antibody.

We have further discovered that increased antibody specificity and localization capabilities can be achieved
using chemically modified antibodies having disposed therean a detectable label. Such a fabel can, for example, be a
radionuclide. More specifically, we have now discovered that antibodies modified to contain biotin maoieties exhihit
substantially improved capacity for binding antigen. As disclosed below, labeled biatinylated antibodies have been used
in a methad for localizing tumer cells &7 vire. In the practice of the invented method, it is essential for the chemically
modified antihody to be labeled directly. This contrasts with mathods employing antibodies labeled indirectly as
described by Khawli et al. in Antibody, Immunoconjugates, and Radiopharmaceoticals, 6:13 (1993), the disclosure of
which is hereby incorporated by reference. -

Thus, reagents useful in procedures for improved tumor localization can be produced by obtaining an antibody
haviﬁg binding specificity for a desired target antigen, chemically modifying free amino groups on the entibody using

a reagent such as a heterobifunctional reagent or biotin and then labeling the antibody with & detectahls label such
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as a radionuclide. In practice, the order of the chemical modifying and ratiolabeling steps is optional Further, a step
for radiolabefing substantially purified antibodies can be eliminated if the antihodies employed in the procedure are
MAb’s and if the hybridoma peoducing thoss MAb's is propagated in growth medium containing labeled precursors that
are incorparated into the MAb products of the hybridoma. Thus, for example, radiolabeled and biotinylated MAb's
useful in connection with the invention can be produced by propagating the MAb-preducing cell fine in growth medium
containing radiclabeled amino acids, collecting the radiolabeled MAD's, and biotinyiating the radiolabeled MAD's.
Alternative methads for labeling antibadias, aither before or after biotinylation step, will be apparent to these having
ordinary skill in the art. .

The method described herein, while related to that disclosed by Khawli et al., in Antibody, Immunocenjugates,
and Radispharmaceuticals, supra, advantageously involves fewer steps for imaging tumor cell antigens /7 wivo, and
unexpectedly provides better results than simply using radiolabeled antibedies tacking bictin groups. Thus, herein we
disclose that biotinylated antibodies exhibit improved targeting when comparad with non-biotinylated antihodies. Since
an antibody useful in connection with the invention can be detected by virtue of a label carried on the antibady, the
presence of hiatin groups on the labaled antibady pravides obvious advantages with respect to targeting and detection.
Thus, essentiai features of antibodies useful in connection with the iovention and that the antibodies: {1) have
aminosida moieties chemically modified such that the pl of the modified antibody is reduced relative to the unmodified
antibedy, and {2} harbor a labe! that can be detected by a detection means.

The modified antibodies of the present invention, advantageously, have surprisingly enhanced diagnastic and
therapeutic effectiveness relative to fragments of antibodies, such as Flab') or Flab').

The following example shows an exemplary method for the introduction of, on average, one PDP group to
a moroclonal antibody.

EXAMPLE 1
Modification of bym-1 with SPDP

Lym-1 {lgG), the monoclanal antibody against B call lymphoma was obtained as in Epstein, A.L. et al, Two
New Monoclonal antibodies, Lym-1 and Lym-2, Reactive with Human 8-lymphoeytes and Derived Tumors, with
immunodiagnostic and {mmunoreactive Potential, Cancer Aes. 47: 830-848 {1987), the disclosure of which is hereby
incorporated by reference. The Lym-1 MAb's were functionalized using SPDP, a heterobifunctional reagent which
reacts with free amino groups on antibodies as in Carlson, J. et al,, Protein Thiolation and Reversibla Protein-Protein
Canjugation: N-succinimidyl 3-{2-pyridyldithioypropionate, A Naw Heterobifunctional Reagent, Biochem. J. 173: 723.737
{1878}, the disclosure of which is hereby incorporated by reference. To 2 5 ml test fube containing 1 mL of Lym-1
(10 mgimL) in PBS, pH 7.2, was added 20 kL of 3 mg SPDP in 1 mL ethanol and 40 4L, N N-dimethylformamide.
This mixture was incubated for 15 minutes at room temperature with continrous mixing using an orhital shaker
apparatus set at normai speed. After incubation, the functionalized Lym-1 solution was purified by passage thraugh
a PD-10 column equilibrated with PBS.

The degree of functionalization of Lym-1 with SPDP was determined to ba an average of one PDP group per

molecule by measurement of release of pyriding-2-thione at 343 nm after reduction of an aliguot of the Lym-1 solution
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with molar excess of 7 my dithicerythritol in phosphata buffer saline salution (PBS), pH 7.2., as in Grassetti, D.R. and
Murray, JF., Determination of Sulfhydryl Groups with 2,2"or 4,4"dithiodipyriding, Arch. Bischem, Biophys. 119: 41.49
(1967, the disclosure of which is hereby incarporated by reference.

The madified antibody from Example 1 was analyzed by Fast Protein Liguid Chromatography (FPLC) in order
to show that the antibodies remained suttstantially intact. This analysis is shown in Example 2.

EXAMPLE 2

Analysis of Modified Lym-1 through
Fast protein Linuid Chromatography (FPLC}

Analysis of modified antibady, from Example 1, was achieved by Fast protein Liguid Chromatography (FPLC)
equipped with a fixed wavelength UV spectrophotometer set at 280 nm. Size exclusion chramatography was performed
on a superose-12 calimn (Pharmacia) with PBS pH 7.2 as the solvent system, eluting at fiow rate of 1 mt/min. The
modified Lym-1 appeared at a retention time of 690 seconds, identical to the retantion time of unlabeled intact Lym-1.

Thus, Example 2 shows that the SPDP.modified antibadies behaved virtually idéntically to the unmodified
antibodies in FPLC. This data shows that the modification likely did not lead to breakdown of the intact molecules
in vitro.

In order to further study the modified MAb's for iz vive testing, radiolabeliing of the modified MAb's was
performed. The radiolabeling is shown in Example 3.

| EXAMPLE 3
Direct Radigindination of Modified Lym-1

One batch of PDP modified Lym-1 and intact Lym-1 were iodinated with ', and another batch labeled with
" using the modified chioramine T method of Mifls, S.L. et al., ™| Radiolabeling of Menoclonal antizedies for In Vive
Procedures, Hybridoma §: 265-275 (1986}, the disclosure of which is heraby incorporated by reference. Briefly, to
a 5 ml test tube containing 100 1 menoclonat antibody in 100 4L PBS, was added the appropriate iodine isotape,
" or "™} depending on the batch, and 10 wL of 43 mM aqueous solution of chloramine T. The reaction was
quenched after 3 minutes with 20 2 of 120 mM solution of sodium matabisulfite. The radiolabeled antibodies were
purified using a Sephadex G-25 column. This column consisted of a serological plastic pipette (Bmm x 200mm} plugged
at the end with cotton (V; = 4.5mL, ¥, = 12mL). Each reaction mixture was loaded on a column and eluted with
PBS, pH 7.2. Individual tubes containing 1 mL aliguets were counted, and the radiolabeled antibodies were recovered
in tube 6 in 85.80% vield. These radiolabeled antibodies were Stored in the refrigerator and administered to mice
within 4 hours of labaling.

The radialabeled MAb's from Example 3 were subjected to Instant Thin Layer Chromatography (ITLC) in order
to determine the purity of the labeled MAb's. This analysis is shown in Example 4.
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EXAMPLE 4

Analysis of Radiolabeled Modified Lym-] through
. Instant Thin_Laver Chromatonraphy ([TLC)

Moditied Lym-1 radiolabeled with "I and modified Lym-1 radioiabeted with "™ via the chloramine T methad
of Example 3 were analyzed using an analytical ITLC system consisting of silica gal impregnated glass fiber, Strips
{2 X 20cm) were activated by heating at 110-1/2°C for 15 minutes priof to use; spotted with 1 ML of sample; air-
dried and eluted with MeOHM 0 {80:20] for approximately 12 cm; again air-dried, cut in half ang counted 10 determine
pratein-bound and non-protein-hound radigactivity. Both forms af radinlabeled Lym-1 antibodies had an R, value of 0
and showed radiochemical purity of > 89%. Analysis of intact Lym-1 fabefed in the same way as in Example 3
revealed the same purity. )

~Thus, Example 4 shows that high purity radiotabeled antibodies could be obtained. - The immunoreactivities
of these.radiolabeled MAb's were testad by their ability to bind to Raji cells. This analysis is shown in Example 5.
EXAMPLE § ‘

Analysis of Radiolabeled Modified Lym-1 through
immunoreactivity Assessment
The ir vitro immunoreactivities of the radiolabeled modifiad Lym-1 and intact Lym-1 were evaluated by

conventiona) live assay of 10° Raji celis/tube by the method of Epstein, AL et al, supra. Briefly, Raji cells
resuspénded in 100uL of 1% bovine serum alaumin in PBS was pipetted into a triplicate set of test tubes. One
hundred L of the labsled Lym-1 was added 1o each test tube (100,100 camitube) and incubated for 30 minutes at
foom temperature with continuous mixing using an orhital shaker. After incubation, the cells were washed three times
with 1% bovine serum in PBS hy spinning the tubes at 1000 rpm for 5 minutes, decanting the supernatant and
resuspending the cells in 200 4L PBS. Following completion of the washes, bound Lym-1 was detected by measuring
the radioactivity bound to the cells using a gamma counter. The results showed that the binding activity of the
modified Lym-1 was 87%, whereas the intact Lym-1, which served as 2 standard control, had a binding activity of
80%.

Thus, Example 5 shows that the modified Lym-1 was more immunoreactive i vitre than the unmodified Lym-1.
In order to gain a preliminary assessment of the stability of the activity of the modified antibodies /i vive, modified
MAb's were analyzed for their staility in serum, as shown in Examgle 6.

EXAMPLE 6
Analysis of Radiotabeied Modified Lym-1 through
Serum Stability

Monoclonal antibedies of modified Lym-1 and intact Lym-1 which was labeled directly with 1125 were added
to each of several triplicate sets of fresh mouse serum to a final concenteation of 100 pgimL. The tubes were
incubated a1 37-1/2°C in a humidified incubator maintained in 5% CO, in air. At times between § and 8 days, protein-
bound activity was determined by adding 800 L of 100% trichlaroacetic acid (TCA) t0 100 A aliquots, After a five-

minute incubation at room temperature, protain precipitates were sedimented by centrifugation, and 500 wl of
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supernatant were withdrawn from each tube and counted for radinactivity in a gamma counter. Data were expressed
as the mean percentage counts precipitated minus that of the control tubes. The results showed that at each time
point atter incubation, modified "“I-Lym-1 was as stable as the "I labeled intact Lym-1 which served as a standard
contrel. The results further showed that > 92% of activity present in the modified Lym-1 folloewing an 8-day
incubation at 37-1/2°C was TCA precipitabls.

Thus, Example 6 showad that the stabifity of the activity of the modified antibedies was maintained in serum
for at least 8 days. In arder to evaluate whether the modified MAb's remained intact after incubation in serem, HPLC
analysis of the modified Lym-1 after incubation was performed, as shown in Example 7.

EXAMPLE 7
Analysis of Modified Lym-1 by HPLC

HPLC analyses were performed on a Waters system equipped with size exclusion columns (SW 300) with
0.1M neutral phosphate buffer as eluting solvent and a flow rate of 1 mLimin. The eluate was detected with a
radioisotope detector, The labeled modified Lym-1 product mixture from Example 6 revesied ong major peak of a low
molgcular weight species with an elution time of 750 seconds, pius a small quantity at 690 seconds. The intact Lym-1
gave a single peak with a retention time of 630 seconds.

Thus, Example 7 shows that the serum intubated modified Lym-1 samples had an apparent molecular weight
in HPLE analysis iower than that of intact Lym-1. In contrast, Example 2 showed that unincubated modified Lym-1
had an identical retention time to intact Lym-1. Thus, the modified Lym-1 showed an apparent loss of malecular
weight ir FPLC analysis upon incubation in serum.

To further verify the apparent loss of motecular weipht of the modified Lym-1 upon incubation in serum,
polyacrylamide gel electrophoresis of the samples was performed, as shown in Examplz 8.

EXAMPLE 8
Analysis of Radiolabeled Modified tym-1 through
"8DS-Polyacrylamide Ge! Electrophoresis (SDS-PAGE)

The same aliquots of each incubated serum mixture from Exampla 6 were serialty checked by nan-reduced
SDS-PAGE. For this study, samples were run on 10% acrylamide gels, dried carefully and exposed in the usual way
to a photographic film as in Laemmb, U.K., Clsavage of Structurat Proteins During the Assembly of the Head of
Bacteriophage T4, Vature 227: 680-685 (1970}, the disclosure of whigh is hereby incorporated by reference. This
analysis revealed that intact "*I.Llym-1 was evident at M, 200,000, whereas modified *I-Lym-1 was observed at a
distinct band corresponding ta a smaller malecular weight at approximately M, 116,000. Thus, the prasent example
shows that incubation of the modified antibodies in serum results in modified apparent malecular weight on acrylamide
gels, verifying the results of HPLC analysis.

‘ EXAMPLE 9
Test for Deiodination of Labeled Lym-1 in Serum
The same samples from Example 6 were also examined over an 8-day study to sea if there had been any loss

of radioactivity from tha radiolabeled Lym-1; such loss can be interpreted as evidence of deiodination in serum. Tha
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deta showed virtually no loss of radioactivity ever this period, confirming that & very stable attachment of ioding had
heen obtzined in these immunoconjugates.

Thus, Examples 7.9 show that the modified antibodiss while retaining virtually full activity after incubation
in serum, appeared to break down inte molecules of apparent molecilar weight of 116,000 As statsd above, it is
possible that this loss of molecular weight is due to the breakdown of the antibodies into their monovalent form, In
any event, it is believed that the loss in apparent molecular weight is due to the breakdown of the medified antibodies
into fragments thereaf, ,

After discovering the foregoing unexpected change in apparent malecular weight of the modified antibodies
when incubated in serum, we tested the stability of the madified MAb's i vive. We performed these iz vive tests
in arder to determine total body clearance time. An example of these tests is shown in Example 10.

EXAMPLE 10
Total Bodv Clearance

Experiments were performed in which three groups of athymic nude mice (n=5} were given intraperitoneal
injections of (a) intact antibody, {b} Flab'}, fragments, or (¢} modified antibody of Lym-1 iabeled with 1131 using the
chloraming T method. The whale-body activity at injection and serially thereafter was measured with a dosimeter,
This study demonstrated that the total body clearance of radioactivity varied with the antibody preparation. Results
are shown in Figure 2. )

Figure 2 shows that the madilied Lym-1 cleared from the wholz body faster, with a bioiogical haf-life (t,}
of 20 hours, than the intact Lym-1 (1, = 5 days). The clearance of F(ab®), fragments was, however, two times faster,
with a biological half-life of 10 howrs, than the modified Lym-1. The data showed that modifiad Lym-1 is cleared at
@ rate intermediate between the rapidly-tleared Flab®), fragments and the slowly-cleared intact antibody.

Thus, it can be seen from the data from Example 10 that the modified antihudies are cleared from the body
mose rapidly than the relatively highly persistent intact antibodiss, yet not so rapidly as Ffab’}, fragments.

An ideal agent for immunotherapy would persist in the bloodstream for & period sufficiently long as to produce
the desired toxic effect, yet not so long as to cause unintended toxic side effects. The data from Example 10
suggested that the modified antibodies exhibited petentially ideal persistence times when used in immunotherapy.

As discussed ahove, an agent for immunotherapy would also be highly specific towards its target cells. Thus,
we tested the specificity of the modified MAb's relative to both intact MAb's and the Flab’}, fragments in the following
examples. Example 11 shows the methods used in all of the subsequent bicdistribution studies.

EXAMPLE 11
Biodistribution Studies

Two proups of six-week-ofd nude mice were injected with Raii cells (10°) subcutaneously in the thigh region.
The tumors were grown for three weeks until they became larger than 1 cm in diameter. Paired-label studiss, as
described below, were performed using each group of mice. In the first group (n=6), each mouse was injected ip.
with a 0.2 mL ineculum containing 10 g of modified Lym-1 labeled with 1131 at 12 4Cilurg (120uCifmause), and
10 g of intact Lym-1 {abeled with 125 at 2.54Cijp (254 Tilmouse]. [n the second group (n=4), mice recaived a
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0.2 mb inoculum containing 10 4g of modified Lym-1 labsled with 1-131 at 12 4Cijug (120uCilmouse), and 10 I
of Flab'), fragments labaled with 1125 at 2.5uCilg (25uCilmousel. In all experiments, mice were sacrificed by
cervical dislacation at preselected times, post-injection, and various argans, biood and fumor were removed and weighed
on an analytical balance. The samples were then counted in a gamma counter to determine the '*'| and ') activity.
] counts were adjusted for cross-aver from the ™| channel by subtracting 17% of ™| channel counts, a formula
that was determined experimentally using a 1282 Compugamma gamma counter (LKB). The data were also corrected
for the radiation decay of the ™| isotope according to the deys on which the animals were sacrificed. For each
mouse, data was expressed as cpm per gram tumorfcpm per gram organ, % dosefgram, and % doseforgan From these
data, the mean and standard deviation were calculated for each group.

Example 12 compares the biodistribution of the modified MAb’s to intact MAb's using the methods of Example
1.

EXAMPLE 12

Bindistribution Study of

Modified Lym-1 vs. intact Lym-1
For this study, the intact Lym-1 antibady was compared ta the modified Lym-1 antibody in the methods of

Example 1. Intact Lym-1 produced a blood activity of 0,64% (D/g at 7 days after injection, as reported in Table .
At the end of the same time interval, the tumor had an activity of 3.92% IDfg.

As reported in Table J, compared to the intact Lym.1, the modified Lym-1 cleared from blood faster and
produced a blood activity of 0.14% IDig at 7 days. At the end of the same time interval, the tumar produced 7.7%,
which tended to be significantly higher than the corresponding activities of the intact Lym-1.

Results of antibody reactivity from Example 12 in several srgans are reportedin Table | and shown graphically

in Figure 3 (%dase/gram) and Figure 4 {tumor/organ),
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TABLE |

BIODISTRIBUTION OF MODIFIED AKD INTACT MONOCLONAL

ANTIBODY LYM-1 IN_RAJI TUMOR-BEARING NUDE MCE (N-6)
7 DAYS AFTER INJECTION

Modified Lym-1

Organ cpmio tumor %hdoselg %dose/organ
tpmig organ

Blood 140.07(81.30* 0.14(0.20)

Skin 93.98(43.40) 0.09{0.04)

Muscle 364.53(232.87) 0.03{0.03}

Bone 126.96(55.86) 0.06(0.02}
Heart 137.34{67.96) 0.07(0.04) 0.010.00)
Lung 28.31110.34) 0.28(0.10) 0.06(0.62)
Liver 06.80(49.03) 0.08(0.D5} 0,15(0.08)
Spleen 12.02(5.62) 0.79(0.53) 0.03(0.01}
Pancreas 286.43(199.92) 0.04(0.02) 0.00{0.00}
Stomach 71.21(30.72) 0.11{0.03) 0.02(0.01}
Intesting 133.31(80.82) 0.07{0.04)
Kidney 17.63(7.63) 0.45(0.12) 0.14{0.03)
Tumor 7.70{3.95) 2.98(1.71)

Intact Lym-1 (Control}

Biood 30.72117.74) 0.64{1.26)

Skin 8.83(3.08) ° 0.41(0.20)

Muscie 44.39(26.16) 0.15(0.21) -

Bang 19.49(6.08) 0.21(0.18)
Heart 28.79(13.76) 0.19(0.22) 0.02(0.02}
Lung 16.98(8.22) 0.36(0.46) 0.07{0.01)
Liver 11.84{5.95) 0.37(0.25) 0.59(0.46)
Splaen 3.93(3.74) 152(1.14) 0.06{0.03)
Pantreas 20.35(12.88) 0.1610.17) 0.02{0.02)
Stomach 11.00{4.55) 0.3210.11) 0.07{0.03)
Intestine 16.06{8.79) 0.23{0.13)
Kidney 22.44{10.81) 0.20{0.17) 0.06(0.05)
Turmor 3.92(3.11) 1.02(0.27)

*Mean (standard deviation).

It can be seen from Figure 3 that the modified antibodies produced & higher signal in the tumor than
the intact antibodies. Additionally, the modified antihodies reacted less strangly than the intact MAb's for every organ
tested, except for the kidney. It is not unexpected that a higher signal would be found in the kidney, because the
antibodies are expected to be cleared through this organ. Due to the more tapid clearance rate of the modified MAb's

relative to intact MAb's found in Example 10, a higher amount of modified MAb's in the kidney would be expected.
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Referring to Figure 4, showing the same data as Figure 3 in a different form, it can be seen that
the madified MAb's produced a significantly higher tumarjorgan ratin than intact MAb's in every organ tested, except
for kidney. Thus, it would be expected that the modified antibodies would produce a significantly lower background
when used in immunoscintography. Mareover, it would also be expected that the modified antibadies would be more
effective when used in immunatherapies due both to its higher affinity for tumar and lower affinity for non-target
tissues. Whan used in fimmunotherapies, the modified antibodies would, thus, be expected to be more highly toxic to
tumors and less toxic to nnﬁ-targe! tissues. The immunotherapeutic use of the modified antibodies of the present.
invention is hereinafter explained in further detail.

We next compared the biodistribution of the modified MADb’s with Flah"), fragments of the otherwise
unmodified antibody. Example 13 is illustrative of these experiments.

EXAMPLE 13
Biodistribution Study of
Modified Lym-1 vs. F(ab'), Fragments of Lym-1
For this study, the F(ab'}, fragments were tnmﬁared with the modified Lym-1 MAb's, Experiments

were performed as in Example 11. Results are reported in Table Il and shown graphically in Figures 4 and 5.
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TABLE Nl
BIDDISTRIBUTION OF MODIFIED AND INTACT MONOCLONAL
ANTIBODY LYM-1 IN RAJI
TUMOR-BEARING NUDE MICE (N=4}
5 DAYS AFTER INJECTION
Organ cpm/g tumar %doselg Ydoseforgan
cpmlg organ '

Bload 39.59(14.84)" 0.08{0.03}
Skin 13.69(3.15) 0.24(0.06)
Muscle 76.32(16.22) 0.04(0.07)
Bone 26.79(7.18) 0.12{0.04)
Heart 44.42111.34) 0.08{0.04) 0.01(0.01) -
Lung 15.78(3.88) 0.21(0.07) 0.04(0.01)
Liver 12.18{4.25) 0.28(0.12) 0.27(0.10)
Spleen 2.68(1.01} 1.34(0.5%5} 0.07{0.03}
Pancreas 42.17(11.23) 0.08{0.03) 0.01(0.00)
Stomach 14.16(4.43) 0.24{0.07) 0.05(0.02)
Intestine 28.36{9.96) 0.12(0.05)
Kidney 12.53(3.15) 0.27(0.09) 0.09{0.03)
Tumer 3.18(0.89) 3.16{1.09)

Fah'}, Fragments {Control
Blood 29.27(13.17) 0.05(0.02)
Skin 10.54{2.78) 0.12(0.02}
Muscle 5§5.50(14.49; 0.02{0.01)
Bona 23.73(1.89 0.06{0.02)
Heart 35.19(11.0%) 0.04{0.02) 0.00{0.00)
Lung 12.57(3.69} 0.10(0.03) 0.02(0.00)
Liver 10.43(4.20} 0.13(0.05) 0.12(0.04)
Spleen 2.59(1.03} 0.54(0.21) 0.03(0.01)
Pancreas 31.55(9.82) 0.64{0.02) 0.60(6.00)
Stomach 8.08(3.31) 0.17{0.06) 0.03(0.01)
Intestine 22.27(7.93) 0.06{0.02)
Kidney 10.05(2.71) 0.13{0.04) 0.04(0.01)
Tumor 1.23{0.24) 1.42(0.48)

*Mean (standard deviation).

Table Il shows that the modified Lym-1 cleared more slowly from the blood than the Flab’),
fragments. The medified Lym-1 produced a blood activity of 0.09% 1Dfg higher than the frapments {0.05%} at 5 days
post-injaction. Figure 5 shows that the tumor activity of the madified Lym-1 was about two-and-one-ha!f times higher
than the corresponding activity of the Flab'), fragments. The activity of the modified Lym-1 was higher than the
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Flab’), fragments for all of the various organs tested, including kidney. This is consistent with the theory that more
rapidly cleared antibodies accumulate in the kidney.

Moreover, Figure 6 shows that the tumor-to-organ ratios for modified Lym-1 are higher than those
of the Flab'), fragments for all of the organs tested, Thus, the experiments of Examples 12 and 13 confirm that the
modified antibodies of the present invention have a higher activity for their target tumor than either intact MAb's or
Hab'), fragments. Additionally, the tumor-to-organ data of these experiments shows that the modified antibodies have
higher specificity for tumar than either the intact MAb's or F{ab'}, fragments. )

Thus, we tested the ability of the modified MAb's -of the present invention to produce improved
immunoscintographic resufts. One example of thase tests is shown in Example 14.

EXAMPLE 14
Imaging_Studies of Lym-1

Tumor-bearing nude mice were imaged vsing a pinhole collimator and a spectrum 91 gamma camera
(Raytheen). Image analyses of these animals provided an estimate of tumorjwhole hndv antibody distribution after
injection. Seven days after injection, the mice were anesthetized with 2mg Ketamine HCl and 0.4mg Xylazine
administered as a 0.2mL s.c. inoculation. The immobilized mice where then imaged in a posteriar position with the
camera preset to record 10,000 counts. No background subtraction was performed. Photographic images were
obtained using Polaroid Type 330 Pack film. Two areas in each image were defined: (a) region 1, whole body; {b)
region 2, tumor. Figures 6-8 show exemplary scintographs (also known as scintograms) produced by these experiments.

Immunoscintography imaging with intact Lym-1 was attempted at 7 days after injection and was
not satisfactoty, as seen in Figure 6. Figure 6 shows that although the tumor was visualized, the rest of the animal
was also visualized. Figures 7 and 8 show the images of two different Raji tumor-bearing animals injected with faheled
ﬁudifind Lym-1 at the same time after injection. It can be seen that both Figures 7 and 8 show concentration of the
tabeled modified Lym-1 at the tumor at levels much higher than those at the tumor produced by the intact Lym-1, seen
in Figure 6. More importantly, the ratio of label at the tumor to the background of the whote mousa produced by the
madified Lym-1 was several times higher than that of the intact Lym-1. Thus, Figures 7 and 8 show a clear definition
of the tumor, with little or no background redioactivity.

Mareover, a satisfactory visualization of the tumer could be abtained at 5 days after injection when
using the modified Lym-1. Figure 10 shows a 5-day image taken of the same animal as shown in Figure 9 at 7 days.
As can be seen, the B-day image of Figure 10 was significantly superior to the image produced by intact Lym-1 at
7 days {Figure 7). Results were similar for all animals tested.

This study suggests that the usa of modified antibody fragments exhibit greater specific activity
to tumor antigens, allowing more absolute concentration of antibody to accumulate in tumor. This is confirmed by our
results that showed that the absolute concentration of modified Lym-1 fragments is about 2 times the intact Lym-1
concentration 7 days after injection and about two and a half times the Flab’}, fragments at five days. ’

The much faster clearante of the modified Lym-1 fragments also significantly decreases the time

required to reach high tumor to background ratios and thus results in better imaging in less tin_m than intact antibody.
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In order to demanstrate the general utifity of the modification of the present invention in impraving
the specificity and activity of antibodies, we modified additional MAb's. Tests of these various modified MAS's are
shown in Examples 15-18.

EXAMPLE 15
Cigarance Rate of Monochpat Antibody B72.3

B72.3 (lg6y), the monoclonal antibody against colon carcinoma, was obtained as in Colcher, D. et
al, A Spectrum of Manoclanal antibodies Reactive with Human Mammary Tumor Cells, Froc, Natf Acad, Sci 78:3199-
3203 (1881), the disclosure of which is hereby incorporated by reference. B72.3 MAY's were functionalized with an
average of one PDP group per molecule according to the methed of Exatngle 1,

The modified B72.3 MAb's were radiolabeled by the method of Example 3. Total body clearance
times were measured as it Example 10, Figure 11 shows the results of these total body claarance experiments. The
modified antibodies showed a decrease in whole body half-time clearance from the approximately 6 days of intact
MAb's to approximately 2.5 days for the madified antiboies. The half-time clearance of %(ah'), fragments was, as for
the Lym-1 fragments, faster than the modifigd antibodies, with 2 half-time of approximately 12 hours. Thus, the
results showed that modified B72.3 behaved similarly ta the maodified Lym-1 in having 2 half-time clearance
intermediate between that of the Ffab'), fragments and intact antibody,

EXAMPLE 16
Biodistribution of B72.3

Paired-label biodistribution studies for two groups of five mice each were performed in athymic nude
mice bearing the human LS174T colon carcinoma. One group was injected with the intact 1125 labeled B72.3, while
the other was injected with the modified 1131 labeled B72.3. The experiment also compared the biodistribution in
tumar, blood and various organs. The methods employed were as in Examples 11-13. The data is. reported in Table

Il and shown graphicaily in Figures 11 and 12.
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TABLE NIl
BIODISTRIBUTION OF MODIFIED AND INTACT MONOCLONAL
. ANTIBODY B72.3 IN THE HUMAN LS174T
5 COLON CARCINOMA-BEARING NUDE MICE {N=5)
4 DAYS AFTER INJECTION

10 : Orpan cpmfg tumor Ydose/g “tdaseforgan

cpmig organ

Blood 6.16(2.32)* 1.10{0.45)
Skin 20.81(3.92) 0.31{0.12}
15 Muscle 61.58(16.16) 0.11(0.05)
Bone 65.25(15.04) 0.10(0.04)
Haart 3.41018.44) 0.2410.11) 0.03(0.02)
Lung 11.89{3.25) 054018 0.14(0.04)
Liver 21.61{10.36) 0.33(0.14) 0.43(0.17)
20 Spleen 37.89(16.00) 0.18(0.09} 0.02(0.01)
Pancreas 60.23(23.73) 0.12(0.06) 0.02(0.01)
Stomath 37.74{9.20) 0.17{0.05} 0.04(0.01)
Intastine 68.31(28.27) 0.10{0.04)
Kidnay 24.56(10.07) 0.29(0.13) 0.09(0.04}
25  Tumor 6.02(1.33) 6.45(1.53}

Intact B72-3 {Control)

Blaod 3.43(1.13) 1.34(0.60)
30 Skin T 10.44(1.80) 0.41{D.15)
Muscle 31.78(8.86) . 0.14{0.05)
Bone 33.36(9.84) 0.14(0.06)
Heart - 16.57{8.28) 0.30(D.14) 0.04(0.02}
Lung 6.42(1.59) 0.68(0.28) 0.18(0.08)
35 Liver ) 11.85(4.78} 0.39(0.16) 0.52{0.24}
Spleen 18.94(5.61) 0.24(0.12) 0.02(0.01}
Pancrags 29.80(9.42) 0.15(0.05) 0.02(0.01
Stomach 18.88(3.63) 0.22{0.04) 0.05(0.01)
Intestine 35.61(13.46) 0.13(0.06)
40  Kidney 15.20(6.40) (.33(0.18) 0.11(0.08)
Tumor - 4,04{0.84) 4.28(0.78)

45  "Mean (standard deviation).

As can be seen in Table Ill, intact B72.3 antihody produced a biood activity at 1.34% IDJg at 4
days after injection, and an activity of 4.04% at the tumar, as shown in Table Il. Compared to intact B72.3, the
mudified B72.3 produced lower blood activity [1.1% 1D/g) and higher tumar activity ((6.02% ID/g) at 4 days.

50 As can be seen in Figure 13, all of the various organ activities were higher for the madified B72.3,

except kidney, as expected for a more rapidly cleared antibady. Thus, as shown in Figure 14, the tumer to organ ratio
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for modified B72.3 was significantly higher than the correspanding ratios for the intact B72.3. The tumor to organ
ratio was even improved for kidney due to the higher activity of the modified antibody at the tumor site,
. EXAMPLE 17
Imaging of B72.3 in Tumor Bearing Mice

Image analysis of LS174T tumor-bearing mice injected with modified B72.3 provided an estimate
of tmorfwhole antibody distrinution after injection. Figure 14 shows an immunoscintograph at 1 day after injection.
The image shows a clear definition of the tumor with little batkground radivactivity. Figure 15 shows an
immunascintograph at 4 days after injection. By 4 days, the tumar was clearly seen with little radiactivity remaining
in the blood pool of the animal. Results were similar for af animals.

Thus, the modified B72.3 was faund to be very useful in obtaining high guality immunoscintographs

‘within a short time of injection of tmors reactive with B72.3,

TNT-1 is an IgG,, monoclonal antihedy which utilize necretic tumor as a target for their selective
binding to human cancers. We modified this antibady with on average ene PDP group per molecule as in Example 1,
and analyzed whole body retention time a5 shown in Exampfe 18.
EXAMPLE 18
Use ot Monotlonal Antibody TNT-1
‘ We obtained TNT-1 as in Epstein, AL et al., A Novel Method for the Datection of Necrotic Lesions
in Human Cancer, Cancer Res. 48:5842-5848 (1988), tha disclosure of which is hereby incorporated by reference.
The TNT-1 MAb's wers radiolabeled by the method of Example 3. Total body clearance times were
measured as in Example 10, Figure 16 shows the results of these total body clearance experiments. The modified
TNT-1 MAb's showed a decrease in. whole body half-time clearance time relative to intact TNT-1, and an increase .
telative to the F(ab’), fragments of TNT-1. t
Thus, the modified TNT-1 hehaved similarly to the ather modified antibodies. We, therefore, expect,
that the utility of the modified TNT-1 MAb's to be equivalent to the other modified antibodies tested.
Example 19 describes ene method useful for preparing biotinylated antibodies.
EXAMPLE 19
Preparation of Biotinylated Antibodies
The TNT-1 and Lym-1 MAb's were separately conjupated to 6-(biotinamido) hexaneate by reaction
with its sulfo N-hydroxysuccinimide ester (NHS-LC-biotin). Typically, a standard solution of 2 mg NHS-LC-biotin in §
mt of 0.9% saline solution was prepared. To a 5 ml test tube containing + mL of antibody (10 mg/mL) in sodium
bicarbonate buffer, pH 8.5, was added 1 mL of NHS-LC-biotin standard solution gmolar ratio 50:1 NHS-LC-biotin/MAb).
The reagent mixture was incubated for 2.5 hours at room temperature with continuous stirring at low speed. After
incubation, the couplad antibody was chromatographed on a PD-1Q column (Pharmacial equilibrated with PBS, pH 7.2.
Purity of the coupled antibady preparations was assessed by FPLC using a superose-12 column. The results of these

procedures indicated that the biotinylated antibody was obtained with at lzast 89% purity,
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The average number of biotin groups coupled 1o each antibody malecule was determined
spectrophotometricatly according to the method described by Green in Bischem J, 84:23c-24c (1986). Brietly, the
biotinylated antibody was digested enzymatically. with 1% protease at 37°C for four hours. To a 5 mL solution
containing 800 wt of 100 M HABA in 0.1 M PBS, pH 7.2 was added 70 L of a 17 1M solution of streptavidin.
Thee streptavidin-HABA solution was then titrated with increasing volumes of the digested biatinylated antibody solution,
and the change in absorbance determinad at 500 nm. From this treatment, the concentration of biotin in the protease-
treated antibody solution was cafculated using a standard curve of biotin solution. The results indicated that an
average of from 3 to 4 biotin moieties were incorporated into each antibody molecule.

The biotin-antibody conjugates were radiolabeled with ') using the chloramine-T method essentially
as described in Example 3. )

Examplz 20 describes the metheds used for radivicdination of antibodies and antibody fragments.

EXAMPLE 20
Direct Radioiodination of Antibodies

Al antibodies {intact, modified, and F(ab'}, fragments) were iodinated with ™1 ar ™I using a
modified chioramine-T method essentially as described in Example 3. Typically, 0.5.1.0 mCi of iodine-125 or iodine-131
and 10 ul of a 43 mM aqueous solution of chioramine-T were added to @ test whe containing 50-100 1 of the
monoclonal antihody in 100 L PBS. The reaction was quenched after three minutes with 20 4L of a 120 mM
solution of sodium metabisulfite. The radiolabeled antibodies were purified using 2 Sephadex G-25 column. This
column consisted of a serolagical plastic pipette (8 x 200 mm) plugged at the end with cotton (V,=4.5 ml, ¥,=12 mL).
Each reaction mixture was loaded onto a column and efuted with PBS, gH 7.2. Individual tubes -containing 1 el
aligusts wera counted in a scintillation counter. Radiolabeled anttbodies were typically recovered with 85.90% yield.
All antibodies radiolabeled by the chloramine-T method were analyzed using an analytical instant thin layer
chromatography (iTLC) system on sifica pel impregnated glass fibers. Strips (2 x 20cm) were activated by heating at
110°C for 15 minutes prior to use, spotted with 1 gl of sample, air dried, and elyted with methanoliH,0 {80:20) for
approximately 12 ¢m, again air dried, cut in half and counted to determine protein bound and non-protein tound
radioactivity. Results of this procedure indicated that greater than 89% of the antibody was protein hound, thareby
confirming that functional radiolabeled biotinylated antitodies could be abtained with high purity.

The radiolabeled biotinyiated antibodies prepared according to the procedure described above were
stared at 4°C and administered to mice within four haurs of labeling.

The following twe Examples disclose the results of analytical procedures used te prove that
radiolabeled bictinylated antibodies retained the ability te bind target antigens and were stable in the presence of serum
constituents.

Example 21 describes the methods used to demonstrate that antibodies having heen modified by

bintinylation and radiolabeling retained hoth antigen-binding ability and structural integrity.
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EXAMPLE 21
Immunoregctivity sssessment

The in vitre immunoreactivities of radiolaheled Lym-1 preparations were evaluated with a live cell
assay using Rajt ¢ells according to the method described by Epstein et al. in Cancer Res., 47:830 (1987), Raji cells
{10%/test tube) were resuspended in 100 L of 1% bovine serum albumin (BSA) in PBS. Labeled Lym-1 (100 i) was
added to each test tube (approximataly 10 uCijeg; 100,000 cpinjtubel in triplicate and incubated for one hour at room
temperature with continitous mixing using an orbital shaker. After incubation, the calls were washed three times with
1% BSA in PBS by centrifuging the tubes at 1000 rpm for five minutes, decanting the supematant, and resuspending
the cells in 200 4L PBS. Following completion of the washes, bound Lym-1 was detected by measuring the cell pellet-
associated radioactivity using a gamma counter. The results of this procedure were substantially identical to those
presented under Example 6. More specifically, 75% of radiolabeled intact Lym-1 and 75% of radiolabelod bintinylated
Lym-1-bound the target cells. This indicatet that the antigen binding activity of radiolabeled biotinylated Lym-1 was
comparatle to that of the radiolabsled intzct Lym-1 which served as a standard cantrof,

Immunereactivity of the modified TNT-1 MAb was evaluated using a fixed celi radioimmunoassay
described by Gaffar et al. in J /mmunoassay, 2:11 (1991}, Briefly, radiolabeled TNT-1 and radiolabeled hiotinylated
TNT-1 were incubated for 30 minutes with Raji celis previously fixed with 20% paraformaldehyda in PBS at room
temperature and then treated with acetone at -20°C. Thae cells were then washed with 1% BSA in PBS and counted
in & gamma counter. The results of this- procedure indicated that approyimately 80% of both antibody preparations
bound to the fixed cells. This indicated that the antigen binding activity of radiolabeted biotinylated TNT-1 was
comparable to that of the radioiabeled intact TNT-1 which served as a standard control.

Example 22 describes the methods used to prove that radiotabeled biotinylated antibodies were not
unusually subject to degradation in the presence of serum.

EXAMPLE 27
Serum Stability of Moditied Antibodies

MAb's Iabeled directly with ") were added to a triplicate set of tubes containing fresh mouse serum
to a final concentration of 100 ug/mL. AN samples were incubated at 37°C in » humidified incubator maintained at
5% CO0, in air, At various times between 0 and B days, protein-bound radiolabel was determined by adding 800 pL
of 100% trichloracetic acid (TCA) to 100 2 aliquots of each sample, incubating at room temperature for fiva minutes
and recovering protein precipitates by centrifugation. Aliquats (500 1) of supernatant were withdrawn from each tube
and counted for radioactivity using a gamma counter. The results indicated that radiolabeled biotinylated antibody was
stable & vitro at all time points. More specifically, at least 97% of the radiolabel remained protein-associated after
8 days of incubation. This confirmed that the biotin moieties present on the MAb's had no detrimentat effect on the
stability of the protein-associated radiclabel.

The same aliquots of each incubated sesum mixture were alsc serially checked by non-redueing SDS-
PABE and autoradiography. For this study, samples were electrophoresed an 10% polyacrylamide gefs and visualized

by exposure to X-ray fiim. Molecular weights of the samples were determined by comparison to molecular weight
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standards. The resuits of these prncedures indicated that radiolabeled intact MAb and the radiolabeled biotinylated
MAb had substantiafly similar molecular weights. More specifically, the major bands for radiolabeled Lym-1 and
radiolabeled hiotinulated Lym-1 had M;s of approximately 200,000. Similarly, the major bands for radiolabeled TNT-1
and radiotabeled biotinulated TNT-1 had Ms of approximately 150,000.

Isoelectric focusing in polyacrylamide gels was performed in a BioRad Model 311 Mini IEF cell.
Samples ware electropharesed through a pH gradient constructed with a mixture of Bislyte amphuolytes (BioRad) at
concentrations of 1.2% 3/10 amphalyte and 0.8% /8 ampholyte according to protocols provided by BioRad. IEF
standards (BioRad) were included in each run for calibration of pl. IEF gels were stained with Coomassie Blue R-250

and dried overnight. The results of these procedures confirmed that biotinylation of the MAb's substantially altered

_ the electrical charge properties of the macromolecules. While the radiotabeled Lym-1 thad a pl value of 7-8, the

radiolabeled biotinylated Lym-1 had a pl of 5-5. Similarly, while the radialabeled TNT-1 MAb had a pl value of 5.5-6.5,
the radiolabeled biotinylated TNT-1 MAb had a pl of 4.55.0, Thus, as expected, modification of free amino groups
on the MAb protein effectively eliminated or neutralized some of the positive charge on the proteins as evidenced by
the less basic character of the biotinylated antibodies.

Example 23 describes the methods used to demonstrate that MAb's having aminaside moieties
chemically modified to result in a macromolecule having reduced pl relative to native antihody advantageously exhibited:
{1) increased target specificity, (2} decreased non-specific hinding and {3} decreased clearance time.

EXAMPLE 23
Biodistribution Studies

Two groups of six-week-old nude mice were injected with either Raji lymphoma cells, LS-174T colon
carcinoma cells; or ME-180 cervical carcinoma cells accarding to the methads deseribed by Khawii et al. in Antibady,
{mmunaconjugates, and Radiopharmaceuticals 6:13 (1993). The tumors wer grown for 10-21 days until they were
appraximately 1 cm in diameter,

{a) Paired-tabel studies. n the first group of mice (n=6), each mouse was injscted
intravenously with 2 0.2 ml inoculum cantaining 120 wCi10 wp of modified ™'-labeled MAb and 25 LCif10 2y of
intact ®llabeled MAb. In the second group (n=4), mice received a 0.2 mL inoculum containing 120 £Cii10 g of
modified ™' 4abeled MAb and 25 Ci10 g of “llabeled MAD Flab'),, in all experiments, mice were sacrificed by
cervical dislocation at preselected times post-injection and various organs, blood, and tumor were remaved and weighed.
The samples were then counted in a gamma counter to guantitate the ) and "} activities. 'Z1 counts were adjusted
far crossover from the ™'t channef by subtracting 17% of the ™| channel counts, a farmula that was determined
experimentafly for the 1282 CompuGsmma counter. The data were also corrected for the radiation decay of the ™)
isotope sccording to the time when the animals were sacrificed. For each mouse, data are expressed as cpm per gram
tumor/cpm per gram organ and % dose/gram. From these data, the mean and standard deviation were calculated for
each group. The same paired-label biodistributian studies were performed using Lym-1 in the Raji iymphoma model and

B72.3 in the LS-174T human colon carcinoma mode!,
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The results of these procedures are presented in Figure 17. As inticated in panel 17A, while both
intact TNT-1 and TNT-Y/biotin modified MAb's localized to tumor tissus at ane day post-injection, the biotinylated
antibody exhibited a greater localization as measured by the % injected dose/gram of twmor. Non-specific binding of
the two labeled MAb's was also evident in a variety of tissues. Importantly, the amount of biotinylated TNT-1 that
non-specifically associated with these tissues was uniformly less than the amount of intact TNT-1 that exhibited such
ron-specific binding, Thus, the levef of specific binding was elevated and the level of non-specific binding was
decreased for the biotinylated antibody relative to the unmodified antibody. The advantage of the modified antibody
is represented quantitatively in Figure 178, wherein the ratio of tumor-ocalized antihody 10 non-specifically localized
antibody is presented for each tissue. As illustrated, the advantage of the biotinylated antibody as an imaging reagent
was particularly evident in muscle and pancreas.

Similar trends were abserved for measurements taken at three days post-injection. Figure 17C
shaws that biotinylated TNT-1 antibody localized to tumor tissue more efficiently than the non-biotinylated counterpart
antibody. At the same time, the amaunt of non-specific binding was advantagecusly lower for the bictinylated species.
Figure 170 quantitatively confirms that the tumorfargan ratio, which reflects the signal-to-noisa ratio in various tissues,
was highest in muscle and pancreas. Notably, Figures 17C and 17D include resuits obtained using TNT-1 Fab'),
fragments which have rapid whole-baty elearance rates. Although the tumorlorgan ratic was higher for the antibody
fragments compared to biotinylated TNT-1 in saveral tissue types, the fraction of injected biotinylated TNT-1 that
localized to tumor was advantapeously higher, These results ilustrated that 2 biotinylated MAD tocalized to luﬁwr
tissue in a fashion that was superior to either unmodified intact MAb, or Flab’), MAb fragments.

(b} Whole-hody clearanca. -Experiments were performed in which different groups of Balbjc
mice {n=~A45) were given iv. injections of radiolabeled antibodies. The whole-body activity at injection and at selected
times thereafter was measured with a dose calibrator,

Figures 18 and 19 disclose the results of whole-body clearance rate studies for TNT-1 and Lym-1
antibodies and their derivatives. The results presented in Figure 18 indicated that TNT-1 MAb modifiad by either SPOP
or biotin have decreased clearance times relative to the intact antibody. The Flab'), TNT-1 fragment, which had the
fastest clearance rate of all antibadies tested was used as a positive contsal in this procedure, Thus, the biotinylated
TNT-¥ MAb advantageously exhiited a more rapid clearance rate then the non-biotinylated sntibady. Similarly, the
results presented in Figure 19 indicated that Lym-3 MAb modified by either SPDP or biotin had decreased clearance
times relative to the intact antibody. This illustrated that agents that chemically modifiad free amino groups moieties
te reduce the pl of the antibody advantageously increased the antibody binding specifiity and whole-body clearance
rate.

We believe that modifications to any antibody using the methods of the present invention wil
provide a reagent useful for improved tumor imaging. In order to produce an image of any desired tissue type using
the methads of the presant invention, antibadies to that tissue type must first be obtained. Polyclonal antibodies can
be obtained in a conventional manner as will be known by one of skill in the art. Alternatively, monoclonat antibodies

can be prepared in order to obtain the increased specificity provided by thesa antibodies, as will alsa be known by one



10

16

20

25

30

35

WO 97725069 ' . ' PCT/US97/00307
.25
of skill in the art. The antibodies are then chemically modifiad at free amino groups by conjupation with a
heterobitunctional agent, biotin, or ather agent that will lead to a modified antibody preduct having an isoetectric paint

that is lower than the isoelectric paint of the unmodified antibody. After conjugation, a suitable label is applied to

“the modified antibodies.

Although the foregoing Examples make use of imaging of a label comprising a gamma radiation
emitting radionuclide, many other label types and imaging systems are contemplated within the seope of the present
invention. For example, radio-opague materials, such as barium, cesium or iodine can be imaged using conventianal X-
rays. Paramagnetic or supermagnetic particles can he used as fahefs, using MRl imaging technology to produce an
image of the location of the entihodies. Additionally, technicium can be used as fabsl. These alternative labels may
be conjugated to the modified antibodies using conventional metheds.

The labeled antibodies can be included in pharmaceutical preparations for the introduction of label
into a subject including pharmaceutically acceptable excipients, carriers, or bases. Suitahle excipients, carriers, or bases
include saline, phosphate buffered saling, glycere!, calcium carbonate, and the like. These compasitions are then
intraduced through any of a varigty of means, such as local injection, intravenous injection, or aral administration in
cases where reduced signal strangth is required or where imaging of tissue in the oral cavity are desired. However,
preferably, administration is through systemic injection in order to maximize expesure of the targeted tissue to the
antibody.

We hélieve that chemical madification of free amino groups disposed on antibodies by addition of
8 heterabifunctional agent, biotin or ather agent to result in a modified antibody having a lower isoelectric point than
a corresponding unmedified intact antibody in accordance with the present invention will produce significantly improved
results when these modifiad antibodies are incorporated into an immunotherapeutic agent. Such therapeutic agents
generally comprise an antibody specific to 8 tumor ar other diseased tissue.cumbined with one or more biologically
active molecules. Suitable biologically active molecules which function in such agents are toxins, such as the diphtheria
toxin {ricin} A-chain or any of & variety of plant toxins known by those of skill in the art; radionuctides, such as
radioactive isotopes of yttrium, iodine, phosphorus, and other commonly used radio-therapeutic agents; drugs, such as
methotrexate, 5-fiuora-uracil, or adriamycin; chelates, including EDTA and EGTA; cis-platinum and other toxic organo:
metalic agents, and any ather therapeutic agent.

Herstofore, the promise of effective immunotherapy has yet to be fully realized. We heliove that
the increased activity and specificity of the modified antibadies of the present invention wilt produce immunatherapeutic
agents having sufficient activity and specificity for their target tissues to overcome the deficiencies of grior immune-
therapeutic agents. Thus, target disease tissues can be killed without significantly affecting the healthy tissues of
the subject, when the subject is injected with the appropriate immunotherapeutic agent,

In the use of these immunntherapsitic agents, antihodies specific to particular undesired tissue types
must first be obtained. If the desired antibodies are not available, the antibodies may be raised in a suitable organism
by injecting the organism with antigens and obtaining serum from the mammal, as will be known by one of skill in

the art. Akernatively, and preferably, monocional antibodies can be raised in a manner known to one of skil in the
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art. The antibodies are then chemically canjugated with an agent such as a heterobifunctional agent, hiotin or ather
agent capable of modifying free amino groups present on the antibody molecule. After conjugation, the resulting
modified antibadias are further modified by conjugation with a biologically active agent, such as a therapeutic agent
or detectable label as described above. The antibodies are combined into pharmaceutical compositions containing a
pharmaceutically accaptable carrier, excipient or hase. Such pharmaceutically acceptable carriers, excipients, or bases
include normal safine for systemic injection, glyceral, calcum carbonate. The compositions ara then ready for
introduction into a patient, such as a mammal.

The antibodies are then introduced into the subject via any known administration route. For
example, the compositions can ba introduced through systemic injection, local injection into the affected tissue, can
be applied topically to externally affected tissue, and can be 1aken orally in cases where reduced signal strength is
required or where therapy of tissue in the nral‘cavity are desired.

Dosage of the biologically active agent containing antibody will depend on target tissue sensitivity
to the toxin, the amount of affected tissue, route of administration, the affinity of the aﬁtihudy, tlearance rates and
on other factors, However, reprosentative dosages will generally be in the range from 1 wgikg mtal-bndy mass to
1 mglkg. tn most applications, the dose will preferably be from 5 ta 200 uglkg.

The following Example is ilfustrative of an immunotherapy effective against Raji tumars in mice.
Although PDP-madified antihodies are employed in the Example, antibodies having free amino groups modified by other
agems, such as biotin, that will produce a modified antibody having a pl lower than a corresponding intact antibody
are expected to work squally well.

EXAMPLE 24
Treatment of Raji Tumoss in Mice

POP-madified Lym-1 is obtained as in Example 1. The mndi‘fied antibody is then treated to introduce,
on average, one ricin A-chain per antibody malecufe. Intact Lym-1 and Fiab'), fragments are similarly combined with
toxin.

Twenty-five mice are divided into five groups. Group | receives intraperitoneal injections at 10 ugtkg
total body weight of tha ricin-PDP-modified Lym-1 in phosphate buffered saline (PBS} once per week for B weeks.
Group Il recaives injections of an equivalent amount ricinintact Lym-1. Group Il receives equivalent amounts of ricin-
Flab’l, frapments of Lym-1. Group IV receives an equivalent amount of unconjugated sicin. Group V receives PBS
alone,

After B weeks, immunoscintagraphy of all surviving mice using the method of Example 14 is
performed. The Group | mice show reduced visualization of tumor compared to any of the other groups. Surviving
Group Il and Group Il mice show some improvement, though less dramatic than the Group | mice. Group IV mice
become very il or die.

Thus, Example 24 shows one particular treatment of a tumar using the modifiad antibodies of the
present invention, Example 19 shows the superior results achieved when using the PDP-madified antibodias of the

present invention. Substituting the use of other antibedies specific to other tumars or diseased tissues in mice or other
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mammals, such as humans, is befieved to produce similarly effective results in treating those specific tumors or
diseased tissues. Moreover, the substitution of ather know toxins is believed to also produce simitarly effective results.
Example 20 shows the use of a similar therapy effective against pancreatic cancer in humans. Although POP-modified
antibodies are employed in the Example, antibodies having free amino groups modified by other agents, such as biatin,
that will produce a madified antibody having a pl lower than a corresponding intact antibody are expected to work
equally well.
EXAMPLE 25
Treatment of Human Parcreatic Cancer

A monoclonal antibody is ahtained which is specific to an antigen found in human pancreatic tumors,
This antibody is moditied by conjugation to, on average, one PDP group per antibody molecule, as in Example 1,
Methotrexate is then conjugated to these modified antibodies as described for Ricin in Example 19,

Twao groups of ten pancreatic cancer patients are treated. The first group receives intravenous
injections of the drug-PDP-MAb in PBS atl 20 uigfkg total body weight on a weekly basis in combination with traditianal
therapy. The second, group receives injections of PBS in combination with traditional tharapy as a contral. After 10
weeks, immunoscintography of the surviving patients is performad.

On immunoscintegraphy, the average size of the tumors imaged in the first group of patients is
reduced relative to the contro! group.

Thus, the foregoing example illustrates the utility of the modified antihddies in immunotherapy in
humans.

As described above, in one preferred form of the present invention, the modified antibodies are
formulated into pharmaceutical compositions. Thus, the PDP-madified antibodies which are ¢onjugated with a drug for
immunotherapy may be incorporated into an injectable composition having' a cytotoxicity effective amount of the
madified antibody-toxin conjugates of the present invention. The following is an example of a cytotoxicity effective
composition effectiva against B-cell lymphomas in humans.

EXAMPLE 26
A Pharmaceutical Composition
Effective Against B-Cell Lymphoma in Humans
10 mg/mL Madified radiolabeled Lym-1 from Example 18
Balance Phasphate Buffered Saline (0.8%}
. Additionally, the radiofabeled modified MAb's may be formulated into compositions effective to
visualize their specific antigens in immunoscintography. The following is one example of such a composition.
EXAMPLE 27
A Pharmaceutical Composition

Effective in Immunascintography of Colen Carcinoma
10 mgimL Medified radialabeled B72.3 from Example 15

Balance Phasphate Buffered Saline (0.9%).
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Afthough Exatmple 23 iflustrated ane method for localizing radioizheled biotinylated antibodies, these
having ordinary skill in the art will appreciate that alternative methods for localizing labeled antibodies will also be
applicable. ~ For example, the distribution of radioiodinated biotinylated antibodies can be locafized by
immunoscintographic imaging exactly as described in Example 14, Thus, for example, radiciodinated biotinylated MAD
having binding specificity for a tumar antigen would be useful in diagnostic procedures. The following Example
describes how such an imaging procedure could be carried aut.

Example 28 describes one method wherein radiolabeled biotinylated MAb's can be used to image
tumer cells iz vivo.

EXAMPLE 28
Imaging of Melanoma Tumor Celis

A human patient having heen diagnosed with metastatic melanoma is first identifiod.
Immunehistological analysis indicates that the patient’s mefanoma expresses a celf surface antigen stainable with an
anti-melanoma MAD. The antrmelanoma MAb is first chemically modified by hiotiny'latinn of free amino groups
according to the method of Example 19 and redioiodinated with ™I according to the method of Example 20.
Substantially purified radiolabeled biotinylated anti-melanoma MAb is then combined with a pharmaceutically acceptable
excipient and administered to the patient. After threa days, the injectad modified MAb's have substantially localized
to cells expressing melanoma antigens. The locakized MAb's are then visualized by immunoscintographic imaging using
a pinhole collimator and a spectrum 91 gamma camera abtainable fram Raytheon. The photographic record indicates
a small area of radioactivity on the patients skin, thereby identifying a secondary tumar.

It will be appreciated that certain mechanical or chemical variations may suggest themseives to
those skilled in the art. The faregoing examples and detailed description are .tu be clearly understood as given hy way

of illustration, the spirit and scope of this invention being fimited solely by the appended claims.
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WE CLAIM:
1. A composition of matter, comprising:

an antibody conjugated te bictin at af least one of a plurality of free amino groups disposed on the antibody
to produce a modified antibody, said antibody having a reduced net positive charge compared to intact antibody, said
antibody having an /7 vive clearance rate hetween the clearance rates of Flah'); fragments and intact antibodies of
the same type; and

a chemical moiety directly attached to the modified antibody.
2. The composition of Claim 1, wherein said antibody is selected from the group consisting of a monoclonal

antibody and a polyclonal antibody.

3 The cormposition of Claim 1, wherein the chemical moiety is a label.

4 The composition of Glaim 3, wherein the label is a radionuclide,

5. The composition of Claim 4, wherein a halogen radionuclide and Technicium is attached to the modified
antibody.

B. The composition of Claim b, wherein said halogen radionuclide is selected from the group consisting of '#I
and "',

7. The composition of Claim 3, wherein said lahel is detectable by magnetic resonance imaging.

8. The composition of Claim 1, wherein the chemical moiety is a biclogically active molecule.

g, The composition of Claim 8, wherein said biologically active molecule is selected from the group consisting

of a toxin, a drug and a chelate.
10. The composition of Claim 9, wherein said drug is selected frem the group consisting of methotrexate, 5-
fluoro-uracil, cis-platinum and adriamyein.
11. A composition of matter, comprising:

an antibody conjugated to a chemical reagent at at least one of a plurality of free amino groups disposed on
the antibody te produce a modified antibody, said antibody having a reduced net positive charge compared ta intact
antibody, said antibody having an /n vivo elearance rate between the clearance rates of the Flah®}, fragments and intact
antibodies of the same type, with the provisa that said chemical reagent is not a heterobifunctional agent; and

a chemical moiety attached to the modified antibody, wherein said chemical moiety comprises ricin A-chain.
12. A method of preparing a |abeled modified antibady according to any of Claims 1-9 or 16, said antibady having
increased antigen binding specificity, decreased non-specific binding and decreased /n vivo clearance time, comprising
the following steps:

obtaining said antibody, wherein said antibody is intact;

reacting at least one of the free amino groups with biotin to produce said modified antibody, such that said
modified antibody has an isoelectric peint lower than the isoelectsic point of intact antibody; and

|abeling the madified antibody with a radionuclide, toxin, drug ar chelate thereby preducing a labeled modified

antibody.
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13, A method of preparing a labeled modified antiody according to Claim 11, said antibody having increased
antigen binding specificity, decreased non-specific binding and decreased /n vivo clearance time, comprising the
following steps:

obtaining said antibody, wherein said antibody is intact;

reacting at least one of the free amino groups with a chemical reagent selected from a dye, chelator or biotin
to preduce said modified antibody, such that said modified antibody has an isoelectric point lower than the isoelectric
paint of intact antibody; and

Iabeling the modified antibody with a chemical moiety comptising ricin A-chain thereby producing a labeled
modified antibody.
14. A method of localizing an antigen in a mammal, comprising the steps:

obtaining a [abeled modified antibody according ta any of Claims 1-9 ar 10 having binding specificity for the
antigen to be localized, said labeled modified antibady having fewer free amina groups and a reduced isoelectric point
compared to an unmodified antibody of the same type, said labsled modified antibody having incorparated therein a
detectable lahel;

administering the labeled modified antibody to the mammal, thereby allowing the antigen and the labeled
modified antibody to bind /7 viva; and

detacting the |abeled modified antibedy bound to the antigen, thereby localizing the antigen.
185. A method of localizing an antigen in a mammal, comprising the steps:

obtaining a labeled modified antibody according to Claim 11 having binding specificity for the antigen to be
localized, said labeled modified antibody having fewer free amino groups and a reduced isoelectric point campared to
an unmodified antibody of the sama type, said labeled modified antibody having incorporated therein a detectable label;

administering the labeled modified antibody to the mammal, thereby allowing the antigen and the labeled
modified antibody to hind i vivo; and

detecting the |abeled modified antibody bound to the antigen, thereby localizing the antigen.
16. The method of Claim 14, wherein the labeled modified antibody is labeled with a radionuclide.
17. The method of Claim 16, wherein the radionuclide is selected from the group consisting of a halogen
radionuclide and Technicium.
18. The methad of Claim 14, wherein the detecting step comprises immunascintography.

19. The methed of Claim 18, wherein immunoscintography comprises the use of gamma camera.

20 The method of Claim 15, wherein said chemical reagent is selected from the group consisting of methyi

chelatas, ather chelators and dyes.

21. The method of Claim 20, wherein said chemical reagent is selected form the group consisting of N,S,, N,S,,
EDTA, DPTA, TETA and FITC.
22, A method of treating a disease state in a mammal comprising:

obtaining an intact antibody specific to the diseased tissues in said mammal, said intact antibody having

disposed thereon a plurality of free amino groups;
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3.

modifying at least ane of the free amino groups by conjugation with biatin to produce a modified antibody,
said modified antibody having a reduced isoelectric point compared to the intact antibody;

attaching a hiologically active molecule to an attachment site disposed on the modified antibody other than
the site of conjugation with biotin to creste a labeled modified antibody; and

administering said antibody to said mammal, thereby treating the disease state.
23. A method of treating a disease state in 8 mammal comprising;

obtaining an intact antibody specific to the diseased tissues in said mammal, said intact antibody havirig
disposed thereon a plurality of free amino groups;

modifying atleast one of the free amina groups hy conjugation with a chemical reagent to produced a modified
antibody, said modified antibody having a reduced isoelectric point compared to the intact antibody, with the proviso
that said chemical reagent is not a heterobifunctional reagent;

attaching a chemical moiety comprising ricin A-chain to an attachment site disposed on the madified antibody
other that the site of modification by the chemical reagent; and

administering the modified antibady 1o said mammal, thereby treating the disease state.
24. The method of Claim 23, wherein said chemical reagsnt is hiotin.
25. The method of Claim 23, wherein said chemical reagent is selected from the group consisting of methyl
chelates, other chelators and dyes.
26. The method of Claim 25, wherein said chemical reagent is selected from the group consisting of N,S,, N,S,,
EDTA, DPTA, TETA and FITC.
27 The method of Claim 22, wherein the hiologically active molecule is selected from the group consisting of
a plant toxin, a drug and a chelate.
28. The method of Claim 27, wherein said drugs is selected fram the group consisting of methatrexate, 5-fluoro-

uracil, cis-platinum and adriamyein.
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