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(57) ABSTRACT 

The present invention relates to targetable constructs Which 
may be bound by a bi-speci?c antibody or antibody frag 
ment having at least one arm that speci?cally binds a 
targeted tissue and at least one other arm that speci?cally 
binds the targetable construct. The targetable construct com 
prises a carrier portion Which comprises or bears at least one 
epitope recognizable by at least one arm of said bi-speci?c 
antibody or antibody fragment. The targetable construct 
further comprises one or more therapeutic or diagnostic 
agents or enzymes. The invention provides constructs and 
methods for producing the targetable constructs and bi 
speci?c antibodies or antibody fragments, as Well as meth 
ods for using them. 
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Figure 1. Schematic illustration of various Abs and bsAbs. 
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Figure 3. Schematic illustration oftwo bi~speci?c fusion protc?a 
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Fighrg'S. Schematic diagram illustrating productioh pf a hMN-l4Fab-734scFv DNA 
construct. 
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. Figure 6: Binding properties of hMN-l4 x m679 bsIviA'o with Hills-labeled LMIP-Ziil 

divalent HSG-DOTA peptide. 
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Figure 1: Clearance of 1251-mMu_-9 x mm F(ab')2 BsMAb' and H1In-IMP-241 m GW 

39' tumor-bearing nude mice. \ 
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DRUG PRE-TARGETING BY MEANS OF 
BI-SPECIFIC ANTIBODIES AND HAPTEN 
CONSTRUCTS COMPRISING A CARRIER 
PEPTIDE AND THE ACTIVE AGENT(S) 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/382,186, ?led Aug. 23, 1999 and a continuation 
in-part ofU.S. Ser. No. 09/823,746, ?led Apr. 3, 2001, both 
of Which are continuations-in-part of US. Ser. No. 09/337, 
756, ?led Jun. 22, 1999, the contents of Which are incorpo 
rated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to immunological reagents 
for therapeutic use, for example, in radioimmunotherapy 
(RAIT), and diagnostic use, for example, in radioimmuno 
detection (RAID) and magnetic resonance imaging (MRI). 
In particular, the invention relates to bi-speci?c antibodies 
(bsAb) and bi-speci?c antibody fragments (bsFab) Which 
have at least one arm that speci?cally binds a targeted tissue 
and at least one other arm that speci?cally binds a targetable 
construct. Further, the invention relates to monoclonal anti 
bodies that have been raised against speci?c immunogens, 
humaniZed and chimeric monoclonal bi-speci?c antibodies 
and antibody fragments having at least one arm that spe 
ci?cally binds a targeted tissue and at least one other arm 
that speci?cally binds a targetable construct, DNAs that 
encode such antibodies and antibody fragments, and vectors 
for expressing the DNAs. Earlier provisional patent appli 
cations, U.S. Ser. No. 60/090,142 and US. Ser. No. 60/104, 
156 disclose a part of What is noW included in this invention 
and are incorporated herein by reference in their entireties. 

[0004] 2. RelatedArt 

[0005] An approach to cancer therapy and diagnosis 
involves directing antibodies or antibody fragments to dis 
ease tissues, Wherein the antibody or antibody fragment can 
target a diagnostic agent or therapeutic agent to the disease 
site. One approach to this methodology Which has been 
under investigation, involves the use of bsAbs having at 
least one arm that speci?cally binds a targeted diseased 
tissue and at least one other arm that speci?cally binds a loW 
molecular Weight hapten. In this methodology, a bsAb is 
administered and alloWed to localiZe to target, and to clear 
normal tissue. Some time later, a radiolabeled loW molecular 
Weight hapten is given, Which being recogniZed by the 
second speci?city of the bsAb, also localiZes to the original 
target. 

[0006] Although loW MW haptens used in combination 
With bsAbs possess a large number of speci?c imaging and 
therapy uses, it is impractical to prepare individual bsAbs for 
each possible application. Further, the application of a 
bsAb/loW MW hapten system has to contend With several 
other issues. First, the arm of the bsAb that binds to the loW 
MW hapten must bind With high af?nity, since a loW MW 
hapten is designed to clear the living system rapidly, When 
not bound by bsAb. Second, the non-bsAb-bound loW MW 
hapten actually needs to clear the living system rapidly to 
avoid non-target tissue uptake and retention. Third, the 
detection and/or therapy agent must remain associated With 
the loW MW hapten throughout its application Within the 
bsAb protocol employed. 
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[0007] Of interest With this approach are bsAbs that direct 
chelators and metal chelate complexes to cancers using Abs 
of appropriate dual speci?city. The chelators and metal 
chelate complexes used are often radioactive, using radio 
nuclides such as cobalt-57 (GoodWin et al., US. Pat. No. 
4,863,713), indium-111 (Barbet et al., US. Pat. No. 5,256, 
395 and US. Pat. No. 5,274,076, GoodWin et al., J. Nucl. 
Meal, 33:1366-1372 (1992), and Kranenborg et al., Cancer 
Res (suppl.), 55:5864s-5867s (1995) and Cancer (suppl.) 
80:2390-2397 (1997)) and gallium-68 (Boden et al., Bio 
conjugale Chem, 6:373-379, (1995) and Schulmacher et al., 
Cancer Res., 55: 115-123 (1995)) for radioimmuno-imaging. 
Because the Abs Were raised against the chelators and metal 
chelate complexes, they have remarkable speci?city for the 
complex against Which they Were originally raised. Indeed, 
the bsAbs of Boden et al. have speci?city for single enan 
tiomers of enantiomeric mixtures of chelators and metal 
chelate complexes. This great speci?city has proven to be a 
disadvantage in one respect, in that other nuclides such as 
yttrium-90 and bismuth-213 useful for radioimmununo 
therapy (RAIT), and gadolinium useful for MRI, cannot be 
readily substituted into available reagents for alternative 
uses. As a result iodine-131, a non-metal, has been adopted 
for RAIT purposes by using an I-131-labeled indium-metal 
chelate complex in the second targeting step. A second 
disadvantage to this methodology requires that antibodies be 
raised against every agent desired for diagnostic or thera 
peutic use. 

[0008] Pretargeting methodologies have received consid 
erable attention for cancer imaging and therapy. Unlike 
direct targeting systems Where an effector molecule (e.g., a 
radionuclide or a drug linked to a small carrier) is directly 
linked to the targeting agent, in pretargeting systems, the 
effector molecule is given some time after the targeting 
agent. This alloWs time for the targeting agent to localiZe in 
tumor lesions and, more importantly, clear from the body. 
Since most targeting agents have been antibody proteins, 
they tend to clear much more sloWly from the body (usually 
days) than the smaller effector molecules (usually in min 
utes). In direct targeting systems involving therapeutic 
radionuclides, the body, and in particular the highly vulner 
able red marroW, is exposed to the radiation all the While the 
targeting agent is sloWly reaching its peak levels in the 
tumor and clearing from the body. In a pretargeting system, 
the radionuclide is usually bound to a small “effector” 
molecule, such as a chelate or peptide, Which clears very 
quickly from the body, and thus exposure of normal tissues 
is minimiZed. Maximum tumor uptake of the radionuclide is 
also very rapid because the small molecule ef?ciently trans 
verses the tumor vasculature and binds to the primary 
targeting agent. Its small siZe may also encourage a more 
uniform distribution in the tumor. 

[0009] Pretargeting methods have used a number of dif 
ferent strategies, but most often involve an avidin/strepta 
vidin-biotin recognition system or bi-speci?c antibodies that 
co-recogniZe a tumor antigen and the effector molecule. The 
avidin/streptavidin system is highly versatile and has been 
used in several con?gurations. Antibodies can be coupled 
With streptavidin or biotin, Which is used as the primary 
targeting agent. This is folloWed sometime later by the 
effector molecule, Which conjugated With biotin or With 
avidin/streptavidin, respectively. Another con?guration 
relies on a 3-step approach ?rst targeting a biotin-conjugated 
antibody, folloWed by a bridging With streptavidin/avidin, 
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and then the biotin-conjugated effector is given. These 
systems can be easily converted for use With a variety of 
effector substances so long as the effector and the targeting 
agent can be coupled With biotin or streptavidin/avidin 
depending on the con?guration used. With its versatility for 
use in many targeting situations and high binding affinity 
betWeen avidin/streptavidin and biotin, this type of pretar 
geting has considerable advantages over other proposed 
systems. However, avidin and streptavidin are foreign pro 
teins and therefore Would be immunogenic, Which Would 
limit the number of times they could be given in a clinical 
application. In this respect, bsAbs have the advantage of 
being able to be engineered as a relatively non-immunogenic 
humaniZed protein. Although the binding af?nity of a bsAb 
(typically 10'9 to 10'10 M) cannot compete With the 
extremely high af?nity of the streptavidin/avidin-biotin 
af?nity (~l0'l5 M), both pretargeting systems are dependent 
on the binding af?nity of the primary targeting agent, and 
therefore the higher af?nity of the streptavidin/avidin-biotin 
systems may not offer a substantial advantage over a bsAb 
pretargeting system. HoWever, most bsAbs have only one 
arm available for binding the primary target, Whereas the 
streptavidin/avidin-biotin pretargeting systems have typi 
cally used a Whole IgG With tWo arms for binding the target, 
Which strengthens target binding. By using a divalent pep 
tide, an af?nity enhancement is achieved, Which greatly 
improves the binding of the peptide to tie target site com 
pared to a monovalent peptide. Thus, both systems are likely 
to provide excellent targeting ratios With reasonable reten 
tion. 

[0010] Pretargeting With a bsAb also requires one am of 
the antibody to recogniZe an effector molecule. Most radio 
nuclide targeting systems reported to date have relied on an 
antibody to a chelate-metal complex, such as antibodies 
directed indium-loaded DTPA or antibodies to other che 
lates. Since the antibody is generally highly selective for this 
particular chelate-metal complex, neW bsAbs Would need to 
be constructed With the particular effector antibody. This 
could be avoided if the antibody Was not speci?c to the 
effector, but instead reacted With another substance. In this 
Way, a variety of effectors could be made so long as they also 
contained the antibody recognition substance. We have 
continued to develop the pretargeting system originally 
described by Janevik-Ivanovska et al. that used an antibody 
directed against a histamine derivative, histamine-succinyl 
glycl (HSG) as the recognition system on Which a variety of 
effector substances could be prepared. Excellent pretarget 
ing results have been reported using a radioiodinated and a 
rhenium-labeled divalent HSG-containing peptide. In this 
Work, We have expanded this system to include peptides 
suitable for radiolabeling 9OY, 111In, and 177Lu, as Well as an 
alternative 99mTc-binding peptide. 

[0011] Thus, there is a continuing need for immunological 
agents Which can be directed to diseased tissue and can 
speci?cally bind to a subsequently administered targetable 
diagnostic or therapeutic conjugate, and a ?exible system 
that accommodates different diagnostic and therapeutic 
agents Without alteration to the bi-speci?c or multi-speci?c 
antibodies. 

OBJECTS OF THE INVENTION 

[0012] It is one object of the present invention to provide 
a multi-speci?c antibody or antibody fragment having at 
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least one arm that speci?cally binds a targeted tissue and at 
least one other arm that speci?cally binds a targetable 
construct that can be modi?ed for use in a Wide variety of 
diagnostic and therapeutic applications. 

[0013] Other objects of the invention are to provide pre 
targeting methods of diagnosis and therapy using the com 
bination of multi-speci?c antibody and targetable construct, 
methods of making the multi-speci?cs, and kits for use in 
such methods. 

[0014] In accomplishing the foregoing object, the present 
inventors have discovered that it is advantageous to raise 
multi-speci?c Abs against a targetable construct that is 
capable of carrying one or more diagnostic or therapeutic 
agents. By utiliZing this technique, the characteristics of the 
chelator, metal chelate complex, therapeutic agent or diag 
nostic agent can be varied to accommodate differing appli 
cations, Without raising neW multi-speci?c Abs for each neW 
application. Further, by using this approach, tWo or more 
distinct chelators, metal chelate complexes, diagnostic 
agents or therapeutic agents can be used With the inventive 
multi-speci?c Ab. 

SUMMARY OF THE INVENTION 

[0015] The present invention relates to a multi-speci?c or 
bi-speci?c antibody or antibody fragment having at least one 
arm that speci?cally binds a targeted tissue and at least one 
other arm that speci?cally binds a targetable construct. 

[0016] Provided is a compound of the formula X-Phe 
Lys(HSG)-D-Tyr-Lys(HSG)-Lys(Y)-NH2 (SEQ ID NO: 1), 
Where the compound includes a hard acid cation chelator 
positioned at X or Y and a soft acid cation chelator posi 
tioned at remaining X or Y. The hard acid cation chelator 
may include a carboxylate or amine group, and may include 
such chelators as NOTA, DOTA, DTPA, and TETA. The soft 
acid cation chelator may include a thiol group, and may also 
include such chelators as Tscg-Cys and Tsca-Cys. A pre 
ferred embodiment of this compound is DOTA-Phe-Ly 
s(HSG)-D-Tyr-Lys(HSG)-Lys(Tscg-Cys)-NH2 (SEQ ID 
NO: 1) also knoWn as IMP 245. Other embodiments may 
have a hard acid cation chelator and a soft acid cation 
chelator in sWitched positions as provided in (Tscg-Cys) 
Phe-Lys(HSG)-D-Tyr-Lys(HSG)-Lys(DOTA)-NH2 (SEQ 
ID NO: 1). 

[0017] The compound may also include cations bound to 
the different chelating moieties. For example, hard acid 
cations may include Group IIa and Group IIIa metal cations, 
Which commonly bind to hard acid chelators. Soft acid 
cations that may bind to the soft acid chelators can include 
the transition metals, lanthanides, actinides and/or Bi. Non 
exhaustive examples of such soft acid cations include Tc, 
Re, and Bi. 

[0018] Also provided is a targetable construct including 
X-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-Lys(Y)-NH-R (SEQ ID 
NO: 1). Again, a hard acid cation chelator is positioned at 
either X or Y, and a soft acid cation chelator is positioned at 
remaining X or Y The targetable construct also includes a 
linker to conjugate the compound to a therapeutic or diag 
nostic agent or enzyme “R”. The linker may have at least one 
amino acid for conjugating the R group to the compound. 
Examples of therapeutic agents include a drug, prodrug 
(e.g., epirubicin glucuronide, CPT-ll, etoposide glucu 
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ronide, daunomicin glucuronide and doxorubicin glucu 
ronide) or toxin (e.g., ricin, abrin, ribonuclease, DNase I, 
Staphylococcal enterotoxin-A, pokeWeed antiviral protein, 
gelonin, diphtherin toxin, Pseudomonas exotoxin, and 
Pseudomonas endotoxin). 

[0019] Other examples of therapeutic agents. include 
doxorubicin, SN-38, etoposide, methotrexate, 6-mercap 
topurine and/ or etoposide phosphate. Diagnostic agents may 
include nuclides, one or more agents for photodynamic 
therapy (e.g., a photosensitizer such as benzoporphyrin 
monoacid ring A (BPD-MA), tin etiopurpurin (SnET2), 
sulfonated aluminum phthalocyanine (AlSPc) and lutetium 
texaphyrin (Lutex)), contrast agents and image enhancing 
agents for use in magnetic resonance imaging (MRI) and 
computed tomography (CT). Enzymes may also serve as the 
R group Which may be capable of converting a prodrug to a 
drug at the target site; or capable of reconverting a detoxi?ed 
drug intermediate to a toxic form to increase toxicity of said 
drug at a target site. 

[0020] In one embodiment, the invention provides a 
method of treating, diagnosing and/or identifying diseased 
tissues in a patient, comprising: 

[0021] (A) administering to the patient a bi-speci?c anti 
body or antibody fragment having at least one arm that 
speci?cally binds a targeted tissue and at least one other arm 
that speci?cally binds a targetable construct; 

[0022] (B) optionally, administering to the patient a clear 
ing composition, and alloWing the composition to clear 
non-localized antibodies or antibody fragments from circu 
lation; 
[0023] (C) administering to the patient a ?rst targetable 
construct Which comprises a carrier portion Which comprises 
or bears at least one epitope recognizable by the at least one 
other arm of the bi-speci?c antibody or antibody fragment, 
and one or more conjugated therapeutic or diagnostic agents, 
or enzymes; and 

[0024] (D) When the targetable construct comprises an 
enzyme, further administering to the patient 

[0025] l) a prodrug, When the enzyme is capable of 
converting the prodrug to a drug at the target site; or 

[0026] 2) a drug Which is capable of being detoxi?ed in 
the patient to form an intermediate of loWer toxicity, 
When the enzyme is capable of reconverting the detoxi 
?ed intermediate to a toxic form, and, therefore, of 
increasing the toxicity of the drug at the target site, or 

[0027] 3) a prodrug Which is activated in the patient 
through natural processes and is subject to detoxi?ca 
tion by conversion to an intermediate of loWer toxicity, 
When the enzyme is capable of reconverting the detoxi 
?ed intermediate to a toxic form, and, therefore, of 
increasing the toxicity of the drug at the target site, or 

[0028] 4) a second targetable construct Which com 
prises a carrier portion Which comprises or bears at 
least one epitope recognizable by the at least one other 
arm of the bi-speci?c antibody or antibody fragment, 
and a prodrug, When the enzyme is capable of convert 
ing the prodrug to a drug at the target site. 

[0029] In another embodiment, the invention provides a 
kit useful for treating or identifying diseased tissues in a 
patient comprising: 
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[0030] (A) a bi-speci?c antibody or antibody fragment 
having at least one arm that speci?cally binds a targeted 
tissue and at least one other arm that speci?cally binds a 
targetable construct; 

[0031] (B) a ?rst targetable construct Which comprises a 
carrier portion Which comprises or bears at least one epitope 
recognizable by the at least one other arm of the bi-speci?c 
antibody or antibody fragment, and one or more conjugated 
therapeutic or diagnostic agents, or enzymes; and 

[0032] (C) optionally, a clearing composition useful for 
clearing non-localized antibodies and antibody fragments; 
and 

[0033] (D) optionally, When the ?rst targetable construct 
comprises an enzyme, 

[0034] l) a prodrug, When the enzyme is capable of 
converting the prodrug to a drug at-the target site; or 

[0035] 2) a drug Which is capable of being detoxi?ed in 
the patient to form an intermediate of loWer toxicity, 
When the enzyme is capable of reconverting the detoxi 
?ed intermediate to a toxic form, and, therefore, of 
increasing the toxicity of the drug at the target site, or 

[0036] 3) a prodrug Which is activated in the patient 
through natural processes and is subject to detoxi?ca 
tion by conversion to an intermediate of loWer toxicity, 
When the enzyme is capable of reconverting the detoxi 
?ed intermediate to a toxic form, and, therefore, of 
increasing the toxicity of the drug at the target site, or 

[0037] 4) a second targetable construct Which com 
prises a carrier portion Which comprises or bears at 
least one epitope recognizable by the at least one other 
arm of the bi-speci?c antibody or antibody fragment, 
and a prodrug, When the enzyme is capable of convert 
ing the prodrug to a drug at the target site. 

[0038] Another embodiment of the invention is to provide 
DNA constructs Which encode such antibodies or antibody 
fragments. Speci?cally, DNA constructs Which produce the 
variable regions Which provide the advantageous properties 
of reactivity to a targetable construct and reactivity to a 
disease tissue. In accordance With this aspect of the present 
invention, there is provided a recombinant DNA construct 
comprising an expression cassette capable of producing in a 
host cell a bi-speci?c antibody or antibody fragment having 
at least one arm that speci?cally binds a targeted tissue and 
at least one other arm that speci?cally binds a targetable 
constrict, Wherein the construct comprises, in the 5' to 3' 
direction of transcription, a transcriptional initiation regula 
tory region functional in the host cell, a translational initia 
tion regulatory region functional in the host cell, a DNA 
sequence encoding the bi-speci?c antibody or antibody 
fragment, and a transcriptional and translational termination 
regulatory region functional in the host cell, Wherein the 
bi-speci?c antibody or antibody fragment is under the con 
trol of the regulatory regions. 

[0039] Another embodiment of the invention provides a 
method of preparing the antibodies or antibody, fragments 
by recombinant technology. In accordance With this aspect 
of the present invention, there is provided a method of 
preparing a bi-speci?c antibody or antibody fragment having 
at least one arm that speci?cally binds a targeted tissue and 
at least one other arm that speci?cally binds a targetable 
construct, comprising: 
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[0040] (A) introducing the recombinant DNA construct 
described above into a host cell; 

[0041] (B) growing the cell and isolating the antibody or 
antibody fragment. 
[0042] In another embodiment of the present invention 
there is provided a method of preparing a bi-speci?c fusion 
protein having at least one arm that speci?cally binds to a 
targeted tissue and at least one other arm that is speci?cally 
binds to a targetable construct, comprising: 

[0043] (l) (A) introducing into a host cell a recombinant 
DNA construct comprising an expression cassette 
capable of producing in the host cell a fragment of the 
bi-speci?c fusion protein, Wherein the construct com 
prises, in the 5' to 3' direction of transcription, a 
transcriptional initiation regulatory region functional in 
the host cell, a translational initiation regulatory region 
functional in the host cell, a DNA sequence encoding a 
scFv linked to a light-chain antibody fragment, and a 
transcriptional and translational termination regulatory 
region functional in the host call, Wherein the fragment 
of the bi-speci?c fusion protein is under the control of 
the regulatory regions; 

[0044] (B) co-introducing into the host cell a recom 
binant DNA construct comprising an expression cas 
sette capable of producing in the host cell a Fd 
fragment Which is complementary to the light-chain 
antibody fragment in (A) and Which When associated 
With the light-chain antibody fragment forms a Fab 
fragment Whose binding site is speci?c for the tar 
geted tissue, Wherein the construct comprises, in the 
5' to 3' direction of transcription, a transcriptional 
initiation regulatory region functional in the host 
cell, a translational initiation regulatory region func 
tional in the host cell, a DNA sequence encoding a 
Fd fragment, and a transcriptional and translational 
termination regulatory region functional in the host 
cell, Wherein the Fd fragment is under the control of 
the regulatory regions; 

[0045] (C) groWing the cell and isolating the bi 
speci?c ?ssion protein, or 

[0046] (2) (A) introducing into a ?rst host cell a recom 
binant DNA construct comprising an expression cas 
sette capable of producing in the ?rst host cell a 
fragment of the bi-speci?c fusion protein, Wherein the 
construct comprises, in the 5' to 3' direction of tran 
scription, a transcriptional initiation regulatory region 
functional in the ?rst host cell, a translational initiation 
regulatory region functional in the ?rst host cell, a DNA 
sequence encoding a scFv linked to a light-chain anti 
body fragment, and a transcriptional and translational 
termination regulatory region functional in the ?rst host 
cell, Wherein the fragment of the bi-speci?c fusion 
protein is under the control of the regulatory regions; 

[0047] (B) introducing into a second host cell a 
recombinant DNA construct comprising an expres 
sion cassette capable of producing in the second host 
cell a Fd fragment Which is complementary to the 
light-chain antibody fragment in (2)(A) and Which 
When associated With the light-chain antibody frag 
ment forms a Fab fragment Whose binding site is 
speci?c for the targeted tissue, Wherein the construct 
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comprises, in the 5' to 3' direction of transcription, a 
transcriptional initiation regulatory region functional 
in the second host cell, a translational initiation 
regulatory region functional in the second host cell, 
a DNA sequence encoding a Fd fragment, and a 
transcriptional and translational termination regula 
tory region functional in the second host cell, 
Wherein the Fd fragment is under the control of the 
regulatory regions; 

[0048] (C) groWing the ?rst and second host cells; 

[0049] (D) optionally isolating the bi-speci?c fusion 
protein fragment and the Fd fragment; and 

[0050] (E) combining the fragments to produce a 
bi-speci?c fusion protein and isolating the bi-speci?c 
fusion protein. 

[0051] A variety of host cells can be used to prepare 
bi-speci?c antibodies or antibody fragments, including, but 
not limited to, mammalian cells, insect cells, plant cells and 
bacterial cells. In one embodiment, the method utiliZes a 
mammalian Zygote, and the introduction of the recombinant 
DNA construct produces a transgenic animal capable of 
producing a bi-speci?c antibody or antibody fragment. 

[0052] The present invention seeks to provide inter alia a 
bi-speci?c antibody or antibody fragment having at least one 
arm that speci?cally binds a targeted tissue and at least one 
other arm that speci?cally binds a targetable construct that 
can be modi?ed for use in a Wide variety of diagnostic and 
therapeutic applications. 
[0053] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment in pho 
todynamic therapy. 
[0054] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment in radio 
immunoimaging for positron-emission tomography (PET). 
[0055] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment in radio 
immunoimaging for single-photon emission. 

[0056] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment in mag 
netic resonance imaging (MRI). 

[0057] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment in X-ray, 
computed tomography (CT) or ultrasound imaging. 

[0058] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment for intra 
operative, endoscopic, or intravascular detection and/or 
therapy. 
[0059] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment in boron 
neutron capture therapy (BNCT). 

[0060] A further embodiment of the invention involves 
using the inventive antibody or antibody fragment for diag 
nosing or treating diseased tissues (e.g., cancers, infections, 
in?ammations, clots, atherosclerois, infarcts), normal tissues 
(e.g., spleen, parathyroid, thymus, bone marroW), ectopic 
tissues (e.g., endometriosis), and pathogens. 

[0061] Further, the invention provides pre-targeting meth 
ods of diagnosis and therapy using the combination of 
bi-speci?c antibody and the folloWing targetable constructs: 
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5i” 
(1) HOOC 

N—\ 
coon 

HOOC 

S 
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(SEQ ID NO: 3) 

(SEQ ID NO: 2) 

(SEQ ID NO: 4) 

(SEQ ID NO: 1) 

(SEQ ID NO: 1) 

(SEQ ID NO: 5) 

(g) CO2H 

4N co H 
IN N\/ 2 
/ 

H020 

S 

Jk 
H 

as Well as methods of making the bi-speci?cs, and kits for 
use in such methods. 

[0062] The present inventors have discovered that it is 
advantageous to raise bsAbs against a targetable construct 
that is capable of carrying one or more diagnostic or 
therapeutic agents. By utiliZing this technique, the charac 
teristics of the chelator, metal chelate complex, therapeutic 
agent or diagnostic agent can be varied to accommodate 
differing applications, Without raising neW bsAbs for each 
neW application. Further, by using this approach, tWo or 
more distinct chelators, metal chelate complexes or thera 
peutic agents can be used With the inventive bsAb. 

[0063] The invention relates to a method of treating or 
identifying diseased tissues in a subject, comprising: 

[0064] (A) administering to said subject a bi-speci?c 
antibody or antibody fragment having at least one arm 
that speci?cally binds a targeted tissue and at east one 
other arm that speci?cally binds a targetable construct 
comprising at least tWo HSG haptens; 

[0065] (B) optionally, administering to said subject a 
clearing composition, and alloWing said composition to 
clear non-localiZed antibodies or antibody fragments 
from circulation; 

[0066] (C) administering to said subject a targetable 
construct Which comprises a carrier portion Which 

(SEQ ID NO: 6) 

comprises or bears at least tWo HSG haptens and at 
least one chelator, and may comprise at least one 
diagnostic and/or therapeutic cation, and/or one or 
more chelated or chemically bound therapeutic or diag 
nostic agents, or enZymes; and 

[0067] (D) When said targetable construct comprises an 
enzyme, further administering to said subject 

[0068] l) a prodrug, When said enZyme is capable of 
converting said prodrug to a drug at the target site; or 

[0069] 2) a drug Which is capable of being detoxi?ed 
in said subject to form an intermediate of loWer 
toxicity, When said enZyme is capable of reconvert 
ing said detoxi?ed intermediate to a toxic form, and, 
therefore, of increasing the toxicity of said drug at 
the target site, or 

[0070] 3) a prodrug Which is activated in said subject 
through natural processes and is subject to detoxi? 
cation by conversion to an intermediate of loWer 
toxicity, When said enZyme is capable of reconvert 
ing said detoxi?ed intermediate to a toxic form, and, 
therefore, of increasing the toxicity of said drug at 
the target site. 

[0071] The invention further relates to a method for 
detecting or treating target cells, tissues or pathogens in a 
mammal, comprising: 



US 2006/0140858 A1 

[0072] administering an effective amount of a bi-speci?c 
antibody or antibody fragment comprising at least one arm 
that speci?cally binds a targeted tissue and at least one other 
arm that speci?cally binds a targetable construct; 

[0073] Wherein said at least one arm is capable of binding 
to a complementary binding moiety on the target cells, 
tissues or pathogen or on a molecule produced by or 
associated thereWith; and 

[0074] administering a targetable construct selected from 
the group consisting of 

(1) HOOC 

COOH Ii“ 
HOOC J 

Jun. 29, 2006 

[0075] The invention further relates to a method of treat 
ing or identifying diseased tissues in a subject, comprising: 

[0076] administering to said subject a bi-speci?c antibody 
or antibody fragment having at least one arm that speci? 
cally binds a targeted tissue and at least one other arm that 
speci?cally binds a targetable construct; 

[0077] optionally, administering to said subject a clearing 
composition, and alloWing said composition to clear non 
localiZed antibodies or antibody fragments from circulation; 
and 

(SEQ ID NO: 3) 

(SEQ ID NO: 2) 

(SEQ ID NO: 4) 

(SEQ ID NO: 1) 

(SEQ ID NO: 1) 

(SEQ ID NO: 5) 

)1 
NH NH-NV D-Ala-Lys(HSG)-Tyr-Lys(HSG)-NH;; and 

(SEQ ID NO: 6) 

(g) <CO2H 
N N COZH KN \/ 

HOZC/ 
S 
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[0078] administering to said subject a targetable construct 
selected from the group consisting of: 

(SEQ ID NO: 3) 
(a) DOTA-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-NH2; 

(SEQ ID NO: 2) 
(b) DOTA-Phe-Lys(HSG)-Tyr-Lys(HSG)-NH2; 

(SEQ ID NO: 4) 
(c) Ac-Lys(HSG)-D-Tyr-Lys(HSG)—Lys(Tscg—Cys)-NH;; 

(SEQ ID NO: 1) 
(d) DOTA—Phe-Lys(HSG)—D-Tyr-Lys(HSG)—Lys(Tscg-Cys)—NH2; 

(SEQ ID NO: 1) 
(e) (Tscg-Cys)—Phe-Lys(HSG)-D-Tyr-Lys(HSG)—Lys(DOTA)-NH;; 

(SEQ ID NO: 5) 

(1) HOOC—\ N/w 
N COOH 

HOOCJ 
S 

NHLNH-NVD—Ala—Lys(HSG)—Tyr-Lys; and 

(SEQ ID NO: 6) 

(g) <CO2H 
|:N N 00211 N \/ 

HOZC/ 
S 

gi gum D-Ala-Lys(HSG)-D-Tyr-Lys(HSG)-NH2, 

[0079] The invention further relates to a kit useful for 
treating or identifying diseased tissues in a subject compris 
ing: 

[0080] (A) a bi-speci?c antibody or antibody fragment 
having at least one arm that speci?cally binds a targeted 
tissue and at least one other arm that speci?cally binds 
a targetable construct, Wherein said construct is 
selected from the group consisting of 

(SEQ ID NO: 3) 
(a) DOTA-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-NH2; 

(SEQ ID NO: 2) 
(b) DOTA-Phe-Lys(HSG)-Tyr-Lys(HSG)-NH2; 

(SEQ ID NO: 4) 
(c) Ac-Lys(HSG)-D-Tyr-Lys(HSG)—Lys(Tscg—Cys)-NH;; 

(SEQ ID NO: 1) 
(d) DOTA—Phe-Lys(HSG)—D-Tyr-Lys(HSG)—Lys(Tscg-Cys)—NH2; 

(SEQ ID NO: 1) 
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-continued 
(SEQ ID NO: 5) 

(i) HOOC—\ N/w 
N—\ 

N COOH 

HOOCJ 
S 

NHJ]\NH~NVD-Ala-Lys(HSG)—Tyr—Lys(HSG)—NH2; and 

(SEQ ID NO: 6) 

(g) {02H 
|:N N cozn N \/ 

HOZC/ 
i g gm D-Ala-Lys(HSG)-D-Tyr-Lys(HSG)-NH2, 

[0081] (B) a targetable construct Which comprises a [0085] 2) adrug Which is capable of being detoxi?ed 
carrier portion Which comprises or bears at least one in Said Subject to form an intermediate Of loWer 
epitope recognizable by said at least one other arm of toxicity, When Said enzyme iS Capable Of reCOnVeI‘t 
said bi-speci?c antibody or antibody fragment, and one 111% Sald detoxl?ed lmermedlate a tOXlC form, and, 
or more conjugated therapeutic or diagnostic agents, or therefore, O_f lncreaslng the toxlclty of Sald drug at 
enzymes; and the target site, or 

_ _ _ _ [0086] 3) a prodrug Which is activated in said subject 
[0082] _ (C) OptlonallY: a cleanngcomposmqn useful for through natural processes and is subject to detoxi? 

Cleanng non'locahzed antlbodles and annbody frag‘ cation by conversion to an intermediate of loWer 
mems; and toxicity, When said enZyme is capable of reconvert 

ing said detoxi?ed intermediate to a toxic form, and, 
therefore, of increasing the toxicity of said drug at 
the target site. 

[0083] (D) optionally, When said ?rst targetable con 
struct comprises an enZyme 

[0084] l) a prodrug, When said enZyme is capable of [0087] The invention further relates to a targetable con 
converting said prodrug to a drug at the target site; or struct selected from the group consisting of 

(SEQ ID NO: 3) 
(a) DOTA-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-NH2; 

(SEQ ID NO: 2) 
(b) DOTA-Phe-Lys(HSG)-Tyr-Lys(HSG)-NH2; 
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-continued 
(SEQ ID NO: 5) 

(f) HOOC—\ N/w 
N—\ 

N COOH 

HOOC J 

i 
NH NHW'v D-Ala-Lys(HSG)-Tyr-Lys(HSG)—NH2; and 

(SEQ ID NO: 6) 

(g) 4COzH 
I: N N COZH 

/N \/ 
H020 

i g gm D-Ala-Lys(HSG)-D-Tyr-Lys(HSG)-NH2, 

[0088] The invention further relates to a method of screen 
ing for a targetable construct comprising: 

[0089] contacting said targetable construct With a bi-spe 
ci?c antibody or antibody fragment having at least one arm 
that speci?cally binds a targeted tissue and at least one other 
arm that speci?cally binds said targetable construct to give 
a mixture; 

[0090] Wherein said at least one arm is capable of binding 
to a complementary binding moiety on the target cells, 
tissues or pathogen or on a molecule produced by or 
associated thereWith; and 

[0091] optionally incubating said mixture; and 

[0092] analyZing said mixture. 

[0093] The invention further relates to a method for imag 
ing normal tissue in a mammal, comprising: 

[0094] administering an e?‘ective amount of a bi-speci?c 
antibody or antibody fragment comprising at least one arm 
that speci?cally binds a targeted tissue and at least one other 
arm that speci?cally binds a targetable construct; 

[0095] Wherein said at least one arm is capable of binding 
to a complementary binding moiety on the target cells, 
tissues or on a molecule produced by or associated there 

With; and 

[0096] administering a targetable construct selected from 
the group consisting of 

(SEQ ID NO: 3) 

(SEQ ID NO: 2) 

(SEQ ID NO: 4) 

(SEQ ID NO: 1) 

(SEQ ID NO: 1) 
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-continued 
(SEQ ID NO: 5) 

(i) HOOC—\ N/w 
N—\ 

N COOH 

HOOCJ 
S 

NHJ]\NH~NVD-Ala-Lys(HSG)—Tyr—Lys(HSG)—NH2; and 
(SEQ ID NO: 6) 

(g) {02H 
|:N N COZH N \/ 

HOZC/ 
S 

gi gm D-Ala-Lys(HSG)-D-Tyr-Lys(HSG)-NH2, 

[0097] The invention further relates to a method of intra- [0099] Wherein said at least one arm is capable of binding 
OPeFaUVeIY ldénllfylng or treatlng dlseased tlssues, 111 a to a complementary binding moiety on the target cells, 
Sublecb Compnsmg: tissues or pathogen or on a molecule produced by or 

[0098] administering an effective amount of a bi-speci?c associated thereWith; and 
antibody or antibody fragment comprising at least one arm _ _ _ 
that speci?cally binds a targeted tissue and at least one other [0100] admlnlstenng a targetable Constmct Selected from 
arm that speci?cally binds a targetable construct; the group consisting of 

(SEQ ID NO: 3) 
(a) DOTA-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-NH2; 

(SEQ ID NO: 2) 
(b) DOTA-Phe-Lys(HSG)-Tyr-Lys(HSG)-NH2; 

@ mg 

r 71 
N COOH 

HOOCJ 

(SEQ ID NO: 5) 

S 

Jk 
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-continued 

[0101] The invention further relates to a method for the 
endoscopic identi?cation or treatment of diseased tissues, in 
a subject, comprising: 

[0102] administering an e?‘ective amount of a bi-speci?c 
antibody or antibody fragment comprising at least one arm 
that speci?cally binds a targeted tissue and at least one other 
arm that speci?cally binds a targetable construct; 

(b) 

(C) 

(d) 

(e) 

HOOC 

5i“ HOOC 

COOH 

11 
Jun. 29, 2006 

(SEQ ID NO: 6) 

[0103] Wherein said at least one arm is capable of binding 
to a complementary binding moiety on the target cells, 
tissues or pathogen or on a molecule produced by or 

associated thereWith; and 

[0104] administering a targetable construct selected from 
the group consisting of 

(SEQ ID NO: 3) 

(SEQ ID NO: 2) 

(SEQ ID NO: 4) 

(SEQ ID NO: 1) 

(SEQ ID NO: 1) 

(SEQ ID NO: 5) 

S 

i 
NH 

(SEQ ID NO: 6) 



US 2006/0140858 A1 

[0105] The invention further relates to a method for the 
intravascular identi?cation or treatment of diseased tissues, 
in a subject, comprising: 

[0106] administering an effective amount of a bi-speci?c 
antibody or antibody fragment comprising at least one arm 
that speci?cally binds a targeted tissue and at least one other 
arm that speci?cally binds a targetable construct; 

[0107] Wherein said at least one arm is capable of binding 
to a complementary binding moiety on the target cells, 
tissues or pathogen or on a molecule produced by or 
associated thereWith; and 

[0108] administering a targetable construct selected from 
the group consisting of 

5i“ 
(1) HOOC 

N—\ 
coon 

HOOC 

S 

A 

Jun. 29, 2006 

[0111] FIG. 2 provides SDS-PAGE analysis of puri?ed 
hMN-l4Fab-734scFv. 3 pg of hMN-l4 IgG (lanes 1 and 3) 
or bsAb (lanes 2 and 4) Was applied in each lane of a 4-20% 
polyacrylamide gel under non-reducing (lanes 1 and 2) and 
reducing (lanes 3 and 4) conditions. 

[0112] FIG. 3 schematically illustrates tWo bi-speci?c 
fusion proteins. 

[0113] FIG. 4 illustrates the production of a DNA con 
struct useful for producing a hMN-l4Fab-734scFv bi-spe 
ci?c fusion protein. 

[0114] FIG. 5 illustrates the production of a DNA con 
struct useful for producing a hMN-l4Fab-734scFv bi-spe 
ci?c fusion protein. 

(SEQ ID NO: 3) 

(SEQ ID NO: 2) 

(SEQ ID NO: 4) 

(SEQ ID NO: 1) 

(SEQ ID NO: 1) 

(SEQ ID NO: 5) 

(g) 

[0109] Additional aspects, features and advantages of the 
invention Will be set forth in the description Which folloWs, 
and in part Will be obvious from the description, or may be 
learned by practice of the invention. The embodiments and 
advantages of the invention may be realiZed and obtained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0110] 
bsAbs. 

FIG. 1 schematically illustrates various Abs and 

(SEQ ID NO: 6) 

[0115] FIG. 6 shoWs the binding properties of hMN-l4>< 
m679 bsMAb With lllIn-labeled IMP-241 divalent HSG 
DOTA peptide. Panel A: lllIn-IMP-24l alone on SE-HPLC; 
Panel B: lllIn-IMP-24l mixed With hMN-l4><679 bsMAb; 
Panel C: lllIn-IMP-24l added to a mixture containing 
hMN-l4><m679 bsMAb With an excess of CEA. Chromato 
grams shoW the association of the lllIn-IMP-24l With the 
bsMAb (B) and bsMAb/CEA complex (C). 

[0116] FIG. 7 shoWs clearance of 125I-mMu-9><m679 
F(ab')2 bsMAb and lllIn-IMP-24l in GW-39 tumor-bearing 
nude mice. Mice Were injected iv. With the radiolabeled 
bgMAb and 48 h later the radiolabeled peptide Was given iv. 
















































































