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MODIFIED ANTIBODIES TO PROSTATE-SPECIFIC MEMBRANE ANTIGEN AND
USES THEREOF

FIELD OF THE INVENTION
[0001] The present invention relates to antibodies, e.g., modified, e.g., deimmunized, antibodies,
to the extracellular domain of human prostate specific membrane antigen (PSMA) and their uses

in treating, preventing, and diagnosing prostatic disorders and cancers.

- BACKGROUND OF THE INVENTION
[0002] Prostate cancer is one of the most common causes of cancer deaths in American
males. In 1999, approximately 185,000 new cases were diagnosed and 37,500 died of this
disease (NCI SEER data). It accounts for about 40% of all cancers diagnosed in men. A male
born in the U.S. in 1990 has approximately a 1 in 8 likelihood of being diagnosed with clinically
apparent prostate cancer in his lifetime. Even prior to the recent increase in incidence, prostate
cancer was the most prevalent cancer in men (Feldman, A.R. et al. (1986) NEJM 315:1394-7).
[0003] There is currently very limited treatment for prostate cancer once it has |
metastasized (spread beyond the prostate). Currently, systemic therapy is lhﬁited to various
forms of androgen (male hormone) deprivation. While most patients will demonstrate initial
clinical improvement, virtually inevitably, androgen-independent cells develop. Endocrine
therapy is thus palliative, not curative. In a study of 1,387 patients with metastatic disease
detectable by imaging (e.g., bone or CT scan), the median time to objective disease progression
(excluding biochemical/PSA progression) after initiation of hormonal therapy (i.e., development
of androgen-independence) was 16-48 months (Eisenberger M.A., et al. (1998) NEJM 339:1036-
42). Median overall survival in these patients was 28-52 months from the onset of hormonal
treatment (Eisenberger M.A., et al. (1998) supra.). Subsequent to developing androgen-
independence, there is no effective standard therapy and the median duration of survival is 9-12
months (Vollmer, R.T., et al. (1999) Clin Can Res 5: 831-7; Hudes G., et al,, (1997) Proc Am
Soc Clin Oncol 16:316a (abstract); Pienta K.J., et al. (1994) J Clin Oncol 12(10):2005-12; Pienta
K.J., et al. (1997) Urology 50:401-7; Tannock LF., et al., (1996) J Clin Oncol 14:1756-65;
Kantoff P.W., et al., (1996) J. Clin. Oncol. 15 (Suppl):25:110-25). Cytotoxic chemotherapy is

poorly tolerated in this age group and generally considered ineffective and/or impractical. In
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addition, prostate cancer is relatively resistant to cytotoxic agents. "Thus, chemotherapeutic
regimen has not demonstrated a significant survival benefit in this patient group.

[0004] For men with a life expectancy of less than 10 years, watchful waiting is
appropriate where low-grade, low-stage prostate cancer is discovered at the time of a partial
prostatectorriy for benign hyperplasia (W.J. Catalona, (1994) New Engl. J. Med.,
331(15):996-1004). Such cancers rarely progress during the first fiwe years after detection. On
the other hand, for younger men, curative treatment is often more appropriate.

[0005] Where prostate cancer is localized and the patient’s Life expectancy is 10 years or
more, radical prostatectomy offers the best chance for eradication of the disease. Historically,
the drawback of this procedure is that most cancers had spread beyond the bounds of the
operation by the time they were detected. However, the use of prostate-specific antigen testing
has permitted early detection of prostate cancer. As a result, surgery is less extensive with fewer
complications. Patients with bulky, high-grade tumors are less likeRLy to be successfully treated
by radical prostatectomy. '
[0006] After surgery, if there are detectable serum prostate-specific antigen
concentrations, persistent cancer is indicated. In many cases, prostate-specific antigen
concentrations can be reduced by radiation treatment. However, thi s concentration often
increases again within two years.

[0007] Radiation therapy has also been widely used as an alternative to radical
prostatectomy. Patients generally treated by radiation therapy are thhose who are older and less
healthy and those with higher-grade, more clinically advanced tumors. Particularly preferred
procedures are external-beam therapy which involves three dimensi onal, conformal radiation
therapy where the field of radiation is designed to conform to the volume of tissue treated;
interstitial-radiation therapy where seeds of radioactive compounds are implanted using
ultrasound guidance; and a combination of external-beam therapy amd interstitial-radiation
therapy.

[0008] For treatment of patients with locally advanced disease, hormonal therapy before
or following radical prostatectomy or radiation therapy has been utilized. Hormonal therapy is
the main form of treating men with disseminated prostate cancer. Orchiectomy reduces serum
testosterone concentrations, while estrogen treatment is similarly bemeficial. Diethylstilbestrol

from estrogen is another useful hormonal therapy which has a disad-vantage of causing



WO 2005/094882 PCT/US2004/006543

cardiovascular toxicity. When either LHRH agonists, such as leuprolide, buserelin, or goserelin,
or gonadotropin-releasing hormone antagonists, such as Abarelix, are administered testosterone
concentrations are ultimately reduced. Flutamide and other nonsteroidal, anti-androgen agents
block binding of testosterone to its intracellular receptors. As a result, it blocks the effect of
testosterone, increasing serum testosterone concentrations and allows patients to remain potent -
a significant problem after radical prostatectomy and radiation treatments.

[0009] In view of the shortcoming of existing therapies, there exists a need for improved

modalities for preventing and treating cancers, such as prostate cancer.

SUMMARY OF THE INVENTION .
[0010] This invention provides, inter alia, antibodies and particularly, modified
antibodies, or antigen-binding fragments thereof, that bind to the extracellular domain of human
prostate specific membrane antigen (PSMA). The modiﬁed anti-PSMA antibodies, or antigen-
binding fragments thereof, have been rendered less immunogenic compared to their unmodified
counterparts to a given species, e.g., a human. The modified anti-PSMA antibodies, or
fragments thereof, bind to-human PSMA with high affinity and specificity, and thus can be used
as diagnostic, prophylactic, or therapeutic agents in vivo and in vitro. Accordingly, the invention
provides antibodies and particularly modified anti-PSMA antibodies, antibody fragments, and
pharmaceutical compositions thereof, as well as nucleic acids, recombinant expression vectors
and host cells for making such antibodies and fragments. Methods of using the antibodies of the
invention to detect PSMA, or to ablate or kill a PSMA-expressing cell, e.g., a PSMA-expressing
cancer, a prostatic, or a vascular cell, either in vitro or in vivo, are also encompassed by the |
invention. Preferably, the modified antibodies are those having one or more complementarity
determining regions (CDRs) from a J591, J415, J533 or E99 antibody. As discussed herein, the
modified antibodies can be CDR-grafted, humanized, deimmunized, or, more generally,
antibodies having the CDRs from a non-human antibody, e.g., murine J591, J415, J533 or E99
antibody, and a framework that is selected as less immunogenic in humans, e.g., less antigenic
than the murine frameworks in which a murine CDR naturally occurs.
[0011] The antibodies, e.g., modified antibodies of the invention interact with, e.g., bind
to, PSMA, preferably human PSMA, with high affinity and specificity. For example, the
antibody binds to human PSMA with an affinity constant of at least 10" Mm%, preferably between
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10 M and 10" M, or about 10° M\, Preferably, the antibody interacts with, e.g., binds to, the
extracellular domain of PSMA, and most preferably, the extracellular domain of human PSMA
(e.g., amino acids 44-750 of human PSMA).

[0012] In some embodiments, the anti-PSMA antibody binds all or part of an epitope
bound by an antibody described herein, e.g., a J591, E99, J415, and J533 antibody. The anti-
PSMA antibody can inhibit, e.g., competitively inhibit, the binding of an antibody described
herein, e.g., 2 J591, E99, J415, and J533 antibody, to human PSMA. An anti-PSMA antibody
may bind to an epitope, e.8., a conformational or a linear epitope, whi.ch epitope when bound
prevents binding of an antibody described herein, e.g., a J591, E99, J415, and J533 antibody.
The epitope can be in close proximity spatially or functionally-associated, e.g., an overlapping or
adjacent epitope in linear sequence or conformational space, to the on e recognized by the J591,
E99, J415, or J533 antibody.

[0013] In some embodiments, the anti-PSMA antibody binds to an epitope located
wholly or partially within the region of about amino acids 120 to 500, preférably 130 to 450,
more preferably, 134 to 437, or 153 to 347, of human PSMA. Preferably, the epitope includes at
least one glycosylation site, e.g., at least one N-linked glycosylation site (e.g., the asparagine
residue located at about amino acids 190-200, preferably at about amimo acid 195, of human
PSMA). ,

[0014] Human PSMA is expressed on the surface of normal, benign hyperplastic, and
cancerous prostate epithelial cells, as well as vascular endothelial cells proximate to cancerous
cells, e.g., renal, urothelial (e.g., bladder), testicular, colon, rectal, lung (e.g., non-small cell lung
carcinoma), breast, liver, neural (e.g., neuroendocrine), glial (e.g., glioblastoma), pancreatic (e.g.,
pancreatic duct), melanoma (e.g., malignant melanoma), or soft tissue sarcoma cancerous cells.
The expression of human PSMA is substantially lower on non-malignant prostate cells where
PSM?’, a splice variant that lacks a portion of the N-terminal domain that includes the
transmembrane domain, is more abundant. Due to the absence of the IN-terminal region
containing the transmembrane domain, PSM” is primarily cytoplasmic and is not located on the
cell membrane. The antibodies, e.g., the modified antibodies, of the iravention bind to the cell
surface of cells that express PSMA. PSMA is normally recycled from the cell membrane into
the cell. Thus, the antibodies of the invention are internalized with PSMA through the process of
PSMA recirculation, thereby permitting delivery of an agent conjugated to the antibody, e.g., a
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labeling agent, a cytotoxic agent, or a viral particle (e.g., 2 viral particle containing genes that
encode cytotoxic agents, e.g., apoptosis-promoting factors). Accordingly, antibodies, e.g.,
modified antibodies, described herein, can be used to target living normal, benign hyperplastic,
and cancerous prostate epithelial cells, as well as vascular endothelial cells proximate to
cancerous cells. |

[0015] An antibody, e.g., a modified antibody, is preferably monospecific, ¢.g., a
monoclonal antibody, or an antigen-binding fragment thereof. The antibodies, e.g., the modified
antibodies, can be full-length (e.g., an IgG (e.g., an IgG1, IgG2, IgG3, IgG4), IgM, IgA (e.g.,
IgAl, IgA2), IgD, and IgE, but preferably an IgG) or can include only an antigen-binding '
fragment (e.g., a Fab, F(ab") or scFv fragment, or one or more CDRs). An antibody, or antigen-
binding fragment thereof, can include two heavy chain immuno globulins and two light chain
immunoglobulins, or can be a single chain antibody. The antibodies can, optionaily, include a
constant region chosen from a kappa, lambda, alpha, gamma, delta, epsilon or a mu constant
region gene. A preferred anti-PSMA antibody includes a heavy and light chain constant region
substantially from a human antibody, e.g., a human IgG1 constant region, a portion thereof, or a
consensus sequence.

[0016] In a preferred embodiment, the antibodies (or fragments thereof) are recombinant
or modified anti-PSMA antibodies chosen from, e.g., a chimeric, a humanized, a deimmunized,
or an in vitro generated antibody. In other embodiments, the anti-PSMA antibodies are human
antibodies. In one embodiment, a modified antibody of the invention is a deimmunized anti-
PSMA antibody, e.g., a deimmunized form of E99, J415, J533 or J 591 (e.g., a deimmunized
form of an antibody produced by a hybridoma cell line having an ATCC Accession Number HB-
12101, HB-12109, HB-12127, and HB-12126, respectively). Preferably, a modified antibody is
a deimmunized form of J591 or J415 (referred to herein as "deJ591" or "deJ415", respectively).
Most preferably, the antibody is a deimmunized form of J591. -

[0017] Any combination of anti-PSMA antibodies is within the scope of the invention,
e.g., two or more antibodies that bind to different regions of PSMA, e.g., antibodies that bind to
two different epitopes on the extracellular domain of PSMA.

[0018] In some embodiments, the anti-PSMA antibody, e.g., the modified anti-PSMA
antibody or antigen-binding fragment thereof, includes at least one light or heavy chain

immunoglobulin (or preferably, at least one light chain immunoglobulin and at least one heavy
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chain immunoglobulin). Preferably, each immunoglobulin includes a light or a heavy chain
variable region having at least one, two and, preferably, three CDRs substantially identical to a
CDR from a non-human anti-PSMA light or heavy chain variable region, respectively. For
example, the antibody or antigen-binding fragment thereof can have at least one, two and
preferably three CDRs from: the heavy chain variable region of murine J591 (see SEQ ID NO:1,
2, and 3, depiéted in Figure 1A); the light chain variable region of murine J591 (see SEQ ID
NO:4, 5, and 6, depicted in Figure 1B); the heavy chain variable region of murine J415 (see SEQ
ID NO:29, 30, and 31, depicted in Figure 5); the light chain variable region of murine J415 (see
SEQ ID NO:32, 33, and 34, depicted in Figure 6); the heavy chain variable region of murine
J533 (see SEQ ID NO:93, 94, and 95, depicted in Figure 9A); the light chain‘variable region of
murine J533 (see SEQ ID NO:96, 97, and 98, depicted in Figure 10A); the heavy chain variable
region of murine E99 (see SEQ ID NO:99, 100, and 101, depicted in Figure 11A); or the light
chain variable region of murine E99 (see SEQ ID NO:102, 103, and 104, depicted in Figure
12A). In other embodiments, the modified antibody or antigen-binding ﬁagrnent thereof can
‘have at least one, two, and preferably three CDRs from the light or heavy chain variable region
of the antibody produced by the cell line having ATCC Accession Number HB-12126 or the
deimmunized 7591 (deJ591) antibody produced by the cell line having ATCC Accession Number
PTA-3709. In other embodiments, the modified antibody or antigen-binding fragment thereof
can have at least one, two and preferably three CDRs from the light or heavy chain variable
region of the antibody produced by the cell line having ATCC Accession Number HB-12109 or
the deimmunized J415 antibody produced by a cell line having ATCC Accession Number PTA-
4174. In still other embodiments, the modified antibody or antigen-binding fragment thereof can
have at least one, two and preferably three CDRs from the light or heavy chain variable region of
the antibody produced by the cell line having ATCC Accession Number HB-12127 or the
antibody produced by a cell line having ATCC Accession Number HB-12101.

[0019] In one preferred embodiment, the modified antibody or antigen-binding fragment
thereof includes all six CDRs from the same non-human anti-PSMA antibody, e.g., a murine
7591, J415, 533 or E99 antibody. In some embodiments, the CDRs have the amino acid
seQuences of SEQ ID NO:1, 2, 3, 4, 5 and 6 (corresponding to murine J591 heavy and light chain
CDRs), the amino acid sequences of the CDRs of the antibody produced by the cell line having
ATCC Accession number HB-12126, or the deimmunized J591 antibody produced by the cell
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line having ATCC Accession Number PTA-3709, or sequences substantially identical thereto. In
other embodiments, the CDRs have the amino acid sequences of SEQ ID NO:29, 30, 31, 32, 33,
and 34 (corresponding to murine J415 heavy and light chain CDRs), the amino acid sequences of
the CDRs of the antibody produced by the cell line having ATCC Accession Number HB-12109,
or the deimmunized J415 antibody produced by the cell line having ATCC Accession Number
PTA-4174, or sequences substantially identical thereto. In other embodiments, the CDRs have
the amino acid sequences of SEQ ID NO:93, 94, 95, 96, 97, and 98 (corresponding to murine
J533 heavy and light chain CDRs), the amino acid sequences of the CDRs of the antibody
produced by the cell line having ATCC Accession Number HB-12127, or sequences
substantially identical thereto. In still other embodiments, the CDRs have the amino acid
sequences of SEQ ID NO:99, 100, 101, 102, 103, and 104 (corresponding to murine E99 heavy
and light chain CDRs), the amino acid sequences of the CDRs of the antibody produced by the
cell line having ATCC Accession Number HB-12101, or sequences substantially identical
thereto.

[0020] The amino acid sequence of the CDRs for antibodies J591, J415, J533 and E99

are provided below in Table 1.

Table 1: CDR Sequences
SEQ

NAME Organism FIG. ID SEQUENCE
Vi CDR1 Mus musculus Fig. 1A N(l): GYTFTEYTIH
{/igéDRZ Mus musculus Fig. 1A 2 | NINPNNGGTTYNQKFED
%igéDR3 - | Mus musculus Fig. 1A | 3 | GWNFDY
J591
VL CDR1 Mus musculus Fig. 1B 4 | KASQDVGTAVD
%51,9(13DR2 Mus musculus Fig. 1B 5 | WASTRHT
%51,9(13DR3 Mus musculus Fig. 1B 6 | QQYNSYPLT
%ig(ljDRl Mus musculué Fig. 5 29 | GFTFSNYWMN
i’il(SZDM Mus musculus Fig. 5 30 | EIRSQSNNFATHYAESVKG
iil(lem ~ Mus musculus Fig. 5 31 | RWNNF
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JV‘:JICSJDRI Mus musculus Fig. 6 32 | KASENVGTYVS
%tlgDRz Mus musculus Fig. 6 33 | GASNRFT

?Ll(SlDRS Mus musculus Fig. 6 34 | GQSYTFPYT

{;tll(leRl Mus musculus Fig. 9A 93 | GYTFIGYVMH

{’SgséDRZ Mus musculus Fig. 9A 94 | YINPYNDVTRYNGKFKG
ifslisébRB Mus musculus Fig. 9A 95 | GENWYYFDS

ésx,séDRl Mus musculus | Fig. 10A 96 | RASESIDSYDNTFMH
‘\12,3(33DR2 Mus musculus | Fig. 10A 97 | RASILES

gfisgDR3 Mus musculus | Fig. 10A 98 | HQSIEDPYT

%iséDRl Mus musculus | Fig. 11A 99 | GFSLTAYGIN

EichRZ Mus musculus Fig. 11A 100 | VIWPDGNTDYNSTLKS
{‘3729CDR3 Mus musculus Fig. 11A 101 | DSYGNFKRGWFDF
539CDR1 Mus musculus | Fig. 12A 102 | KASQNVGSDVA
l\affchRZ Mus musculus | Fig. 12A 103 | STSYRYS

539CDR3 Mus musculus Fig. 12A 104 | QQYNSYPLT

K99

[0021] The light or heavy chain immunoglobulin of the modified anti-PSMA antibody or

antigen-binding fragment thereof can further include a light chain or a heavy chain variable
framework sequence from a light chain or heavy chain variable framework present in a human or
a non-human, e.g., rodent, antibody (e.g., the murine J591, J415, I533 or E99 antibody heavy
chain or light chain variable framework). In some embodiments, the light chain or the heavy
chain variable framework can be chosen from:
i a light or heavy chain variable framework including at least 5, 10, 20, 30, 40, 50,
60, 70, or 80 amino acid residues from a human light or heavy chain variable framework,
e.g., a light or heavy chain variable framework residue from a mature human antibody, a

human germline antibody sequence, or a human consensus antibody sequence;
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ii a light or heavy chain variable framework including at least 5, but less than 30,
amino acid residues from a human light chain or heavy chain variable framework, €.g., a
light chain or heavy chain variable framework residue from a mature human antibody, a
human germline antibody sequence, or a human consensus antibody sequence;
iii a light or heavy chain variable framework including at least 5, 10, 20, 30, 40, 50,
60, 75 or more amino acid residues from a light or heavy variable framework from a non-
human antibody, e.g., a murine antibody (e.g., an anti-PSMA antibody having the
framework amino acid sequence shown in SEQ ID NO:7 or 8 (from the heavy and light
chain, respectively, of murine J591; see Figures 1A and 1B), SEQ ID NO:35 or 36 (from
the heavy and light chain, respectively, of murine J415; see Figures 5 and 6), SEQ ID
NO:109 or 114 (from the heavy and light chain, respectively, of murine J533; see Figures
9A and 10A), or SEQ ID NO:119 or 124 (from the heavy and light chain, respectively, of
murine E99; see Figures 11A and 12A), or the framework of a murine antibody described
herein (e.g., a murine J591, J415, J533, or E99 antibody produced by a hybridoma cell
line having an ATCC Accession Number HB-12126, HB-12109, HB-12127 or HB-
12101); |
iv a light or heavy chain variable framework, which has at least 60%, 65%, 70%,
72%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more identity with, or which
has an amino acid sequence which differs by at least 1, 2, 5, or more residues, but less
than 10, 20, 30 or 40 residues from, the sequence of the framework of a light or heavy
chain variable region of a non-human antibody, e.g., a murine antibody (e.g., an anti-
PSMA antibody having the framework amino acid sequence shown in SEQ ID NO:7 or 8
(from the heavy and light chain, respectively, of murine J591; see Figures 1A and 1B),
SEQ ID NO:35 or 36 (from the heavy and light chain, respectively, of murine J415; see
Figures 5 and 6), SEQ ID NO:109 or 114 (from the heavy and light chain, respectively,
of murine J533; see Figures 9A and 10A), or SEQ ID NO:119 or 124 (from the heavy and
~ light chain, respectively, of murine E99; see Figures 11A and 12A)), or the framework of
a murine antibody described herein (e.g., a murine antibody produced by a hybridoma
cell line having an ATCC Accession Number HB-12126, HB-12109, HB-12127 or HB-
12101); or
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v a non-human, e.g., a murine, e.g., a J591 or J415, light or heavy chain variable

region framework which has at least 5 amino acid replacements.
[0022] In some embodiments, the light chain variable region of the non-human anti-
PSMA antibody or antigen-binding fragment thereof has at least one, two, three and preferably
four amino acid sequences chosen from SEQ ID NO:13, 14, 15, and 16 (corresponding to
deimmunized J591 light chain FR's 1-4; see Figure 2B) or SEQ ID NO:41, 42, 43, and 44
(corresponding to deimmunized J415 light chain (J415DIVKS5) FR's 1-4; see Figure 6), or at least
one, two, three and preferably four light chain framework regions from the antibody produced by
the cell line having ATCC Accession Number PTA-3709 or PTA-4174. In other embodiments,
the heavy chain variable region of the non-human anti-PSMA antibody or antigen binding
portion thereof has at least one, two, three, and preferably four amino acid sequences chosen
from SEQ ID NO:9, 10, 11, and 12 (corresponding to deimmunized J591 heavy chain FR's 1-4;
see Figure 2A) or SEQ ID NO:37, 38, 39, and 40 (corresponding to deimmunized J415 heavy
chain (J415DIVH4) FR's 1-4; see Figure 5), or at least one, two, three and f)referably four heavy
chain framework regions of the antibody produced by the cell line having ATCC Accession
Number PTA-3709 or PTA-4174. In other embodiments, the heavy or light chain framework has
an amino acid sequence which has at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or more
identity with SEQ ID NO:17 or SEQ ID NO:18, respectively (corresponding to deimmunized
J591 framework sequence; see Figures 2A-2B), SEQ ID NO:45 or SEQ ID NO:46, respectively
(corresponding to deimmunized J415 framework sequences J415DIVH4 and J415DIVKS; see
Figures 5 or 6), or with the heavy or light chain framework sequence of an antibody produced by
the cell line having ATCC Accession Number PTA-3709 or PTA-4174. In still other
embodiments, the heavy or light chain framework has an amino acid sequence which differs by
at least 1, 2, 5, or more residues, but less than 10, 20, 30, or 40 residues, from the amino acid
sequence of SEQ ID NO:17 or SEQ ID NO:18, respectively, SEQ ID NO:45 or SEQ ID NO:46,
respectively, or the heavy or light chain framework sequence of the antibody produced by the
cell line having ATCC Accession Number PTA-3709 or PTA-4174. Preferably, the heavy or
light chain framework region includes the amino acid sequence shown in SEQ ID NO:17 or SEQ
ID NO:18, respectively, SEQ ID NO:45 or SEQ ID NO:46, respectively, or the heavy or light
chain framework sequence of the antibody produced by the cell line having ATCC Accession
Number PTA-3709 or PTA-4174.

10
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[0023] In other embodiments, the heavy or light chain variable region of the modified
anti-PSMA antibody has an amino acid sequence which has at least 80%, 85%, 90%, 95%, 97%,
98%, 99% or more identity with SEQ ID NO:21 or SEQ ID NO:22, respectively (corresponding
to the heavy and light chain variable regions of deimmunized J591; see Figures 2A-2B), SEQ ID
NO:49 or SEQ ID NO:50, respectively (corresponding to the heavy and light chain variable
regions of deimmunized J4 1A5, J415DIVH4 and J415DIVKS; see Figures 5 or 6), or the heavy or
light chain variable region sequence of the antibody produced by the cell line having ATCC
Accession Number PTA-3709 or PTA-4174. In other embodiments, the heavy or light chain
variable region of the modified anti-PSMA antibody has an amino acid sequence that differs by
at least 1, 2, 5, or more residues, but less than 10, 20, 30, or 40 residues, from the amino acid
sequence of SEQ ID NO:21 or SEQ ID NO:22, respectively, SEQ ID NO:49 or SEQ ID NO:50,
respectively, or the heavy or light chain variable region sequence of the antibody produced by
the cell line having ATCC Accession Number PTA-3709 or PTA-4174. Preferably, the light or
heavy chain variable region includes the amino acid sequence shown in SEQ ID NO:21 or SEQ
ID NO:22, respectively, SEQ ID NO:49 or SEQ ID NO:50, respectively, or the heavy or light
chain variable region sequence of the antibody produced by the cell line having ATCC
Accession Number PTA-3709 or PTA-4174.

[0024] Preferred modified anti-PSMA antibodies include at least one, preferably two,
light chain variable regions and at least one, preferably two, heavy chain variable regions having
the amino acid sequence shown in SEQ ID NO:21 and SEQ ID NO:22, respectively
(corresponding to the heavy and light chain variable regions of deimmunized J591; see Figures
2A-2B), SEQ ID NO:49 and SEQ ID NO:50, respectively (corresponding to the heavy and light
chain variable regions of deimmunized J415, J415DIVH4 and J415DIVKS; see Figures 5 and 6),
or at least one, preferably two, modified light chain variable region sequences and at ieast one,
preferably two, heavy chain variable region sequences of the antibody produced by the cell line
having ATCC Accession Number PTA-3709 or PTA-4174.

[0025] In other embodiments, the light or heavy chain variable framework of the anti-
PSMA antibody, or antigen-binding fragment thereof, includes at least one, two, three, four, five,
six, seven, eight, nine, ten, fifteen, sixteen, or seventeen amino acid residues from a human light

or heavy chain variable framework, e.g., a light or heavy chain variable framework residue from
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a mature human antibody, a human germline antibody sequence, or a consensus antibody
sequence.

[0026] Tn some embodiments, the amino acid residue from the human light chain variable
framework is the same as the residue found at the same position in a human germline antibody
sequence. Preferably, the amino acid residue from the human light chain variable framework is
the most common residue at the same position in the human germline antibody sequence.
Preferably, the light chain variable framework of the modified anti-PSMA antibody, or antigen-
binding fragment thereof, has at least one, two, three, five, seven, ten amino acid residues which
differ from the framework of the non-human anti-PSMA light chain variable region (e.g., the
murine J591 light chain variable region), or which is from a human light chain variable
framework (e.g., @ human germline, mature, or consensus framework sequence), at a position
selected from the group consisting of: residue 8, 9, 10, 11, 20, 22, 60, 63, 76, 77, 78, 80, 83, 87,
103, 104 and 106 (Kabat numbering as shown in Table 2). Preferably, the light chain variable
framework of the modified anti-PSMA antibody, or antigen-binding fragment thereof, has at
least one, two, three, five, seven, or ten amino acid residues from the human light chain variable
framework selected from the group consisting of: residue 8 (proline), 9 (serine), 10 (serine), 11
(leucine), 20 (threonine), 22 (threonine), 60 (serine), 63 (serine), 76 (serine), 77 (serine), 78
(leucine), 80 (proline), 83 (phenylalanine), 87 (tyrosine), 103 (lysine), 104 (valine) and 106
(isoleucine) (Kabat numbering as shown in Table 2).

[0027] The amino acid replacements in the deimmunized J591 light chain variable region
are provided below in Table 2. The left panel indicates the amino acid number according to
Kabat, E.A., et al. (1991) supra; the middle panel indicates the replacements of the residue in the
mouse sequence and the corresponding mouse residues; and the right panel indicates the most

common residue in the corresponding position in the human germline.

Table 2

Position Substitution Most common in
Kabat No of mouse sequence human germline

3 V=>Q A\

8 H->P P

9 K-S S

10 F—->S S

11 M—L L
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20 S—T T
21 I->L 1
22 [>T T
42 QP K
58 Vol A\
60 D—-S S
63 T—S S
76 T—S S
77 - TS S
78 V=L L
80 S—P P
83 L—F F
87 F-Y Y
100 A—-P Q
103 M—>K K
104 L-V A
106 LI I
[0028] In other embodiments, the light chain variable framework of the anti-PSMA

antibody, or antigen-binding fragment thereof, has at least one, two, three, five, or seven amino
acid residues which differ from the framework of a non-human anti-PSMA lighf chain variable
region (e.g., the murine J415 light chain variable region), or which is from a human light chain
variable framework (e.g., a human germline, mature, or consensus framework), at a position
selected from the group consisting of: residue 13, 15, 19, 41, 63, 68, and 80 (linear numbering as
shown in Figure 6). Preferably, the light chain variablé framework of the modified antibody, or
antigen-binding fragment thereof, has at least one, two, three, five, or seven amino acid residues
from the human consensus light chain variable framework selected from the group consisting of:
residue 13 (alanine), 15 (alanine), 19 (methionine), 41 (threonine), 63 (serine), 68 (glycine), and
80 (alanine) (linear numbering as shown in Figure 6).

[0029] The amino acid replacements in the deimmunized J415 light chain variable region
are provided below in Table 3. The left panel indicates the amino acid number using linear
numbering; the middle panel indicates the replacements of the residue in the mouse sequence and
the corresponding mouse residues; and the right panel indicates the most common residue in the

corresponding position in the human germline.

Table 3

[ Position |  Substitution | Most common in
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Linear No of mouse sequence human germline
13 I5A A
15 VoA A
19 V->M M
41 E->T T
63 TS S
68 A-G G
80 T—>A A
[0030] In other embodiments, the light chain variable framework of the anti-PSMA

antibody, or antigen-binding fragment thereof, includes at least 5, but no more than 80, amino
acid residues from the light chain variable framework shown in SEQ ID NO:8 (from murine
J591; see Figure 1B), SEQ ID NO:36 (from murine J415; see Figure 6), SEQ ID NO:114 (from
murine J533; see Figure 10A), or SEQ ID NO:124 (from murine E99; see Figure 12A), or the
light chain variable framework of an antibody produced by the hybridoma cell line haviﬁg an
ATCC Accession Number HB-12126, HB-12109, HB-12127 or HB-12101. Preferably, the light
chain variable framework has at least 60%, 65%, 70%, 72%, 75%, 80%, 85%, 90%, or 94%
identity with, or differs by at least 5, 7, 10, 20, of 30 but less than 10, 20, 30, or 40 amino acid
residues from, the non-human light chain variable framework, e.g., the murine J591 or J415 light
chain variable framework shown in SEQ ID NO:8 or SEQ ID NO:36, respectively, or the light
chain variable framework of the antibody produced by the hybridoma cell line having an ATCC
Accession Number HB-12126 or HB-12109. In other embodiments, the light chain variable
framework is from murine J591 antibody (SEQ ID NO:8; see Figure 1B), from murine J415
antibody (SEQ ID NO:36; see Figure 6), from murine J533 antibody (SEQ ID NO:114; see
Figure 10A), or from murine E99 antibody (SEQ ID NO:124; see Figure 12A), or the light chain
variable framework of the antibody produced by the hybridoma cell line having an ATCC
Accession Number HB-12126, HB-12109, HB-12127 or HB-12101.

[0031] In yet other embodiments, the light chain variable framework of the modified
anti-PSMA antibody, or antigen-binding fragment thereof, includes a non-human (e.g., a murine)
light chain variable framework (e.g., a murine J591 light chain variable framework as shown in
SEQ ID NO:8 or the light chain variable framework of the antibody produced by the hybridoma
cell line having an ATCC Accession Number HB-12126) which has at least 5, 10, 15, 16, 17, 18,
19, 20, 21, 22, or 23 amino acid replacements. In one embodiment, the non-human light chain

variable framework includes one or more of:
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a framework region 1 having at least 5, 6, 7, or 8 replacements;

a framework region 2 having at least one replacement;

a framework region 3 haviﬁg at least S, 6, 7, 8, or 9 replacements; or

a framework region 4 having at least 2, 3 or 4 replacements.
[0032] In yet other embodiments, the light chain variable framework of the modified
anti-PSMA antibody, or antigen-binding fragment thereof, includes a non-human (e.g., a murine)
light chain variable framework (e.g., a murine J415 light chain variable framework as shown in |
SEQ ID NO:36 or the light chain variable framework of the antibody produced by the hybridoma
cell line having an ATCC Accession Number HB-12109) which has at least 1, 2,3, 4, 5,6, 7, 8,
or 10 amino acid replacements. In some embodiments, the non-human light chain variable
framework includes one or more of:

a framework region 1 having at least 1, 2 or 3 replacements;

a framework region 2 having at least one replacement; or

a framework region 3 having at least 1, 2 or 3 replacements.
[0033] The replacement can be selected from: a conservative substitution of a non-
human residue, or a residue found in a human germline, mature or consensus framework
sequence at the same position, e.g. the most common residue in the human germline sequence at
the same position. In some embodiments, the light chain variable framework has at least 3, 4 and
preferably 5 conservative substitutions. In other embodiments, the light chain variable
framework has at least 5, 7, 10, 15, 16, or 17 amino acid replacements ‘wherein the replacement
amino acid residue is the most common residue in the human germline framework sequence at
the same position.
[0034] In some embodiments, the non-human light chain variable framework hes at least
one, two, three, five, seven, ten, eleven, fifteen, sixteen, seventeen, nineteen, twenty, twenty-one
or twenty-two amino acid replacements at a position selected from the group consisting of:
residue 3, 8, 9, 10, 11, 20, 21, 22, 42, 58, 60, 63, 76, 77, 78, 80, 83, 87, 100, 103, 104 and 106
(Kabat numbering as shown in Table 2). The replacement can be chosen from one or more of:
residue 3 (glutamine), 8 (proline), 9 (serine), 10 (serine), 11 (leucine), 20 (threonine), 21
(leucine), 22 (threonine), 42 (proline), 58 (isoleucine), 60 (serine), 63 (serine), 76 (serine), 77
(serine), 78 (leucine), 80 (proline), 83 (phenylalanine), 87 (tyrosine), 100 (proline), 103 (lysme)

104 (valine) and 106 (isoleucine) (Kabat numbering as shown in Table 2).
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[0035] In other embodiments, the non-human light chain variable framework has at least
one, two, three; five, or seven amino acid replacements at a position selected frorﬁ the group
consisting of: residue 13, 15, 19, 41, 63, 68 and 80 (linear numbering as shown in'Table 3).
Preferably, the light chain variable framework of the modified antibody, or antigen-binding
fragment thereof, has at least one, two, three, five, seven amino acid residues from the human
consensus light chain variable framework selected from the group consisting of: residue 13
(alanine), 15 (alanine), 19 (methionine), 41 (threonine), 63 (setine), 68 (glycine) and 80 (alanine)
(linear numbering as shown in Table 3).

[0036] Preferably, the heavy chain variable framework of the modified anti-PSMA
antibody, or antigen-binding fragment thereof, has at least one, two, three, five, seven, or eight
amino acid residues, which differ from the framework of the non-human anti-PSMA heavy chain
variable region (e.g., the murine J591 heavy chain variable region), or which is from a human
heavy chain variable framework (e.g., a human germline framework), at a position selected from
the group consisting of: residue 5, 40, 41, 44, 82a, 83, 87, and 108 (Kabat numbering as shown
in Table 4). Preferably, the heavy chain variable framework of the recombinant antibody, or
antigen-binding fragment thereof, has at least one amino acid residue from the human heavy
chain variable framework selected from the group consisting of: residue 5 (valine), 40 (alanine),
41 (proline), 44 (glycine), 82a (serine), 83 (arginine), 87 (threonine), or 108 (leucine) (Kabat
numbering as shown in Table 4).

[0037] The amino acid replacements in the deimmunized J591 heavy chain variable
region are provided below in Table 4. The left panel indicates the amino acid number according
to Kabat, E.A., et al. (1991) supra; the rﬁiddle panel indicates the replacements of the residue in
the mouse sequence and the corresponding mouse residues; and the right panel indicates the most

common residue in the corresponding position in the human germline.

Table 4

Position Substitution - Most common in
Kabat No. | of mouse sequence human germline

5 Q-V \

11 LV L

12 V=K \

16 T-A G

17 S—>T S
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19 R—->K R
40 S—A A
41 H->P P
44 S—>G G
75 ST K
76 S—D N
82a R—>S S
83 T->R R
87 S—»T T
108 T->L L
[0038] In other embodiments, the heavy chain variable framework of the modified anti-

PSMA antibody, or antigen-binding fragment thereof, has at least one, two, three, four, five
amino acid residues, which differ from the framework of a non-human anti-PSMA heavy chain
variable region (e.g., the murine J415 heavy chain variable region), or which is from a human
heavy chain variable framework (e.g., a human mature, consensus, or germline fram_éwork), ata
position selected from the group consisting of: residue 20, 87, 94, 95, and 112 (linear numbering
as shown in Table 5). Preferably, the heavy chain variable framework of the recombinant
antibody, or antigen-binding fragment thereof, has at least one, two, three, four, five amino acid
residues from the human heavy chain variable framework selected from the group consistiﬁg of:
residue 20 (isoleucine), 87 (serine), 94 (alanine), 95 (valine), and 112 (valine) (linear numbering
as shown in Table 5). |
[0039] The amino acid replacements in the deimmuniied J415 heavy chain variable
region are provided below in Table 5. The left panel indicates the linear amino acid number; the
middle panel indicates the replacements of the residue in the mouse sequence and the

| corresponding mouse residues; and the right panel indicates the most common residue in the

corresponding position in the human germline.

Table 5

Position Substitution Most common in
Kabat No of mouse sequence | human germline

20 ' L—I 1

87 N—>S S

94 G-A A

95 -V \

112 L->V \4
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[0040] In other embodiments, the heavy chain variable framework of the modified anti-
PSMA antibody, or antigen-binding fragment thereof, includes at least 5 but no more than 75 or
82 amino acid residues from the heavy chain variable framework shown in SEQ ID NO:7 (from
murine J591; see Figure 1A), SEQ ID NO:35 (from murine J415; see Figure 5), SEQ ID NO:109
(from murine J533; see Figure 9A), or SEQ ID NO:119 (from murine E99; see Figure 11A), or
the heavy chain variable framework of the antibody produced by the hybridoma cell line having
an ATCC Accession Number HB-12126, HB-12109, HB-12127 or HB- 12101. Preferably, the
heavy chain variable framework has at least 60%, 65%, 70%, 80%, 82%, 85%, 90%, or 94%
identity with, or differs by at least 5, 10, 20, or 30 but less than 10, 20, 30, or 40 residues from, a
non-human heavy chain variable framework, e.g., the murine J591 or J415 or heavy chain
variable framework shown in SEQ ID NO:7 or SEQ ID NO:35, respectively, or a heavy chain
variable framework of the antibody produced by the hybridoma cell line having an ATCC
Accession Number HB-12126 or 12109. In other embodiments, the non-human heavy chain
variable framework is from murine J591 antibody (SEQ ID NO:7; see Figure 1A), from murine
J415 antibody (SEQ ID NO:35; see Figure 5), from murine J533 antibody (SEQ ID NO:109; see
Figure 9A), or from murine E99 antibody (SEQ ID NO:119; see Figure 1 1A), or the heavy chain
variable framework of the antibody produced by the hybridoma cell line having an ATCC
Accession Number HB-12126, HB-12109, HB-12127 or HB-12101.

| [0041] In yet other embodiments, the heavy chain variable framework of the modified
anti-PSMA antibody, or antigen-binding fragment thereof, includes a non-human (e.g., a murine)
heavy chain variable framework (e.g., a murine J591 heavy chain variable framework (SEQID
NO:7, as shown Figure 1A, or the heavy chain variable framework of the antibody produced by
the hybridoma cell line having an ATCC Accession Number HB-12126) which has at least 3, 5,
10, 15, 16, 17, 18, or 19 amino acid replacements. In one embodiment, the non-human heavy
chain variable framework of the modified anti-PSMA antibody includes one or more of:

a framework region 1 having at least 4, 5, or 6 replacements;

a framework region 2 having at least 1, 2, or 3 replacements;

a framework region 3 having at least 3, 4, or 5 replacements; or

a framework region 4 having at least one replacement.
[0042] In yet other embodiments, the heavy chain variable framework of the modified

anti-PSMA antibody, or antigen-binding fragment thereof, includes a non-human (e.g., 2 murine)
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heavy chain variable framework (e.g., a murine J415 heavy chain variable framework (SEQ ]D
NO:35, as shown in Figure 5, or the heavy chain variable framework of the antibody produced
by the hybridoma cell line having an ATCC Accession Number HB-12109) which has at least 1,
2,3, 4, or 5 amino acid replacements. In one embodiment, the non-human heavy chain variable
framework of the modified anti-PSMA antibody includes one or more of:

a framework region 1 having at least one replacement;

a framework region 3 having at least 1, 2, or 3 replacements; or

a framework region 4 having at least one replacement.
[0043] The replacement can be chosen from: a conservative substitution of a non-human
residue, or a residue found in a human germline, mature or consensus sequence at the same
position, e.g. the most common residue in the human genniine at the same position. In one
embodiment, the heavy chain variable framework has at least 3, 4, 5, 6 and preferably 7
conservative substitutions. Preferably, the heavy chain variable framework has at least 5, 6, 7
and preferably 8 replacements by the most common residue in the human germline at the same
position.
[0044] In some embodiments, the non-human heavy chain variable framework has at
least one amino acid replacement at a position selected from the group consisting of: residue 5,
11, 12,16, 17, 19, 40, 41, 44, 75, 76, 82a, 83, 87, and 108 (Kabat numbering as shown in Table
3). The replacement can be chosen from one or more of: 5 (valine), 11 (valine), 12 (lysine), 16
(alanine), 17 (threonine), 19 (lysine), 40 (alanine), 41 (proline), 44 (glycine), 75 (threonine), 76
(aspartate), 82a (serine), 83 (arginine), 87 (threonine), and 108 (leucine) (Kabat numbering as
shown in Table 4).
[0045] In other embodiments, the non-human heavy chain variable framework has at
least one amino acid replacement at a position selected from the group consisting of: residue 20,
87, 94, 95 and 112 (linear numbering as shown in Table 5). The replacement can be chosen from
one or more of: residue 20 (isoleucine), 87 (serine), 94 (alanine), 95 (valine), and 112 (valine)
(linear numbering as shown in Table 5).
[0046] The amino acid sequence of the framework regions of the light and heavy chains
regions of antibodies J591, J415, J533 and E99 are provided in Table 6, below.
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Table 6: Framework Sequences
SEQ :
NAME Organism FIG. D SEQUENCE
NO:
Vy FR1-FR4 Mus musculus Fig. 1A 7 | EVQLQQSGPELKKPGTSVRISCK
J591 TSWVKQSHGKSLEWIGKATLTV
DKSSSTAYMELRSLTSEDSAVY
YCAAWGQGTTLTVSS
VL FR1-FR4 Mus musculus Fig. 1B 8 | DIVMTQSHKFMSTSVGDRYVSIIC
J591 WYQQKPGQSPKLLIYGVPDRFT
GSGSGTDFTLTITNVQSEDLADY
FCFGAGTMLDLK _
VuFR1 (Deimm) | Artificial - Fig. 2A 9 | EVQLVQSGPEVKKPGATVKISC
J591 deimmunized KTS
heavy chain
J591
Vu FR2 (Deimm) | Artificial - Fig. 2A 10 | WVKQAPGKGLEWIG
J591 deimmunized
heavy chain
J591
Vu FR3 (Deimm) | Artificial - Fig. 2A 11 | KATLTVDKSTDTAYMELSSLRS
J591 deimmunized EDTAVYYCAA
heavy chain
J591
Vyu FR4 (Deimm) | Artificial - Fig. 2A 12 | WGQGTLLTVSS
J591 deimmunized
heavy chain
J591
VL FR1 (Deimm) | Artificial - Fig. 2B 13 | DIQMTQSPSSLSTSVGDRVTLTC
J591 deimmunized : : ‘
light chain J591
V. FR2 (Deimm) | Artificial - Fig. 2B 14 | WYQQKPGPSPKLLIY
J591 deimmunized
light chain J591
V1 FR3 (Deimm) Artificial - Fig. 2B 15 | GIPSRFSGSGSGTDFTLTISSLQPE
J591 deimmunized DFADYYC
light chain J591
V. FR4 (Deimm) | Artificial - . Fig.2B 16 | FGPGTKVDIK
J591 deimmunized
light chain J591
Vu FR1-FR4 Artificial - Fig.2A 17 | EVQLVQSGPEVKKPGATVKISC
(Deimm) deimmunized KTSWVKQAPGKGLEWIGKATLT
J591 heavy chain VDKSTDTAYMELSSLRSEDTAV
J591 | YYCAAWGQGTLLTVSS

20




WO 2005/094882

PCT/US2004/006543

V. FR1-FR4 Artificial - Fig. 2B 18 | DIQMTQSPSSLSTSVGDRVTLTC
(Deimm) deimmunized “WYQQKPGPSPKLLIYGIPSRFSGS
J591 light chain J591 GSGTDFTLTISSLQPEDFADYYC
FGPGTKVDIK
Vi FR1-FR4 Mus musculus Fig. 5 35 | EVKLEESGGGLVQPGGSMKLSC
J415 VASWVRQSPEKGLEWVARVIIS
RDDSKSSVYLQMNNLRAEDTGI
YYCTRWGQGTTLTVSS
V.. FR1-FR4 Mus musculus Fig. 6 36 | NIVMTQFPKSMSISVGERVTLTC
J415 ‘ "WYQQKPEQSPKMLIYGVPDRFT
GSGSATDFILTISSVQTEDLVDY
“YCFGGGTKLEMK
Vg FR1 (Deimm) | Artificial - Fig. 5 37 | EVKLEESGGGLVQPGGSMKISC
‘J415-4 deimmunized VAS ‘
heavy chain
J415-4
Vu FR2 (Deimm) | Artificial - Fig. 5 38 | "WVRQSPEKGLEWVA
J415-4 deimmunized
heavy chain
J415-4
Vi FR3 (Deimm) | Artificial - Fig. 5 39 | RVISRDDSKSSVYLQMNSLRAE
J415-4 deimmunized DTAVYYCTR '
heavy chain
J415-4
Vi FR4 (Deimm) | Artificial - Fig. 5 40 | "WGQGTTVTVSS
J415-4 deimmunized
: heavy chain
J415-4
Vi FR1 (Deimm) Artificial - Fig. 6 41 | INIVMTQFPKSMSASAGERMTLT -
J415-5 deimmunized C
light chain
J415-5
Vi FR2 (Deimm) Artificial - Fig. 6 42 | WYQQKPTQSPKMLIY
J415-5 deimmunized
light chain
J415-5
Vi FR3 (Deimm) Artificial - Fig. 6 43 | GVPDRFSGSGSGTDFILTISSVQA
J415-5 deimmunized EDLVDYYC
light chain
J415-5
Vi FR4 (Deimm) Artificial - Fig. 6 44 | FGGGTKLEMK
J415-5 deimmunized
light chain
J415-5
Vu FR1-FR4 Artificial - Fig.5 45 | EVKLEESGGGLVQPGGSMKISC
(Deimm) deimmunized WASWVRQSPEKGLEWVARYVIIS
J415-4 heavy chain RDDSKSSVYLQMNSLRAEDTAV
YWYCTRWGQGTTVTVSS

J415-4
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NIVMTQFPKSMSASAGERMTLT

E99

V. FR1-FR4 Artificial - Fig. 6 46

(Deimm) deimmunized CWYQQKPTQSPKMLIYGVPDRF

J415-5 light chain SGSGSGTDFILTISSVQAEDLVDY

J415-5 YCFGGGTKLEMK

Vg FR1 Mus musculus Fig. 9A 105 | EVQLQQSGPELVKPGASVKMSC

J533 KAS

Vi FR2 Mus musculus Fig. 9A 106 | WVKQKPGQVLEWIG

J533

Vy FR3 Mus musculus Fig. 9A 107 | KATLTSDKYSSTAYMELSGLTSE

J533 DSAVYYCAR

Vu FR4 Mus musculus Fig. 9A 108 | WGRGATLTVSS

J533

Vu FR1-FR4 Mus musculus Fig. 9A 109 | EVQLQQSGPELVKPGASVKMSC

J533 KASWVKQKPGQVLEWIGKATLT
SDKYSSTAYMELSGLTSEDSAV

, YYCARWGRGATLTVSS

VLFRI1 Mus musculus | - Fig. 10A 110 | DIVLTQSPASLAVSLGQRATISC

J533

V. FR2 Mus musculus Fig. 10A 111 { WYQQKPGQPPNLLIF

J533

VL FR3 Mus musculus Fig. 10A 112 | GIPARFSGSGSGTDFTLTIYPVEA

J533 DDVATYYC

Vi FR4 Mus musculus Fig. 10A | 113 | FGGGTKLEIK

| I533

Vi FR1-FR4 Mus musculus Fig. 10A 114 | DIVLTQSPASLAVSLGQRATISC

J533 WYQQKPGQPPNLLIFGIPARFSG
SGSGTDFTLTIYPVEADDVATYY
CFGGGTKLEIK

Vu FR1 Mus musculus Fig. 11A 115 | QVQLKESGPGLVASSQSLSITCT

VS
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Vu FR2 Mus musculus Fig. 11A 116 | WVRQPP GKGLEWLG

E99

Vu FR3 Mus musculus Fig. 11A 117 | RLNIFKDNSKNQVFLKMSSFQTD

E99 DTARYFCAR

Vi FR4 Mus musoulus | Fig, 11A | 118 | WGQGTLLTVSS

E99

Vy FR1-FR4 Mus musculus Fig. 11A | 119 | QVQLKE SGPGLVASSQSLSITCT

E99 VSWVRQPPGKGLEWLGRLNIFK
DNSKNQ VFLKMSSFQTDDTARY
FCARWG-QGTTLTVSS

V. FR1 Mus musculus Fig. 12A 120 | NIVMTQSQKFMSTSPGDRVRVT

E99 C

V. FR2 Mus musculus Fig. 12A 121 | WYQAKPGQSPRILIY

E99

VLFR3 Mus musculus Fig. 12A 122 | GVPDRFTAYGSGTDFTILTITNVQ

E99 SEDLTEY'FC

V. FR4 Mus musculus Fig. 12A 123 | FGAGTKLELK

E99

V. FR1-FR4 Mus musculus Fig. 12A 124 | NIVMTQSQKFMSTSPGDRVRVT

E99 : CWYQAK PGQSPRILIYGVPDRFT

: AYGSGTIDFTLTITNVQSEDLTEY

FCFGAGITKLELK

[0047} In other embodiments, the anti-PSMA antibody, or amtigen-binding fragment

thereof, includes at least one light chain or heavy chain immuglobuLin or, preferably, at least one
light chain immunoglobulin and at least one heavy chain immunoglobulin. Preferably, the light
chain immunoglobulin includes a non-human light chain variable region comprising three CDRs
from a non-human, e.g., murine, anti-PSMA light chain variable reggion (e.g., the murine J591 or
J415 light chain variable region shown in SEQ ID NO:20 (see Figure 1B) or SEQ ID NO:48 (see
Figure 6), respectively, or the light chain variable region of the antibody produced by the
hybridoma cell line having an ATCC Accession Number HB-12126 or 12109) and a light chain
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framework which differs from the framework of the non-human, e. g., murine, anti-PSMA light
chain framework (e.g., the murine J591 of J415 light chain framework shown in SEQ ID NO:8
(see Figure 1B) or SEQ ID NO:36 (see Figure 6), respectively, or the light chain variable
framework of the antibody produced by the hybridoma cell line having an ATCC Accession
Number HB-12126 or 12109) at one, two, three, four, five, six, seven or more positions selected
from the group consisting of: residue 3, 8,9, 10, 11, 20, 21, 22, 42, 58, 60, 63, 76, 77, 78, 80,
83, 87, 100, 103, 104 and 106 (Kabat numbering as in Table 2), or xresidues 13, 15, 19, 41, 63,
68, and 80 (linear numbering as in Table 3).

[0048] In other preferred embodiments, the heavy chain imamunoglobulin includes a non-
human heavy chain variable region comprising three complementar-ity determining regions
(CDRs) from a non-human, e.g., murine, anti-PSMA heavy chain Variable region (e.g., the
murine J591 or J415 heavy chain variable region shown in SEQ ID NO:19 (see Figure 1A) or
SEQ ID NO:47 (see Figure 5), respectively, or the heavy chain vari able region of the antibody
produced by the hybridoma cell line having an ATCC Accession Number HB-12126 or HB-
12109) and a modified heavy chain framework which differs from the framework of the non-
human, e.g., murine, anti-PSMA heavy chain framework (e.g., the rmurine J591 or J415 heavy
chain framework shown in SEQ ID NO:7 (see Figure 1A) or SEQ I'D NO:35 (see Figure 5),
respectively, or the heavy chain variable framework of the antibody” produced by the hybridoma
cell line having an ATCC Accession Number HB-12126 or HB-121 09) at one, two, three, four,
five or more positions selected from the group consisting of: residwe 5, 11, 12, 16, 17, 19, 40,
41, 44,75, 76, 82a, 83, 87, and 108 (Kabat numbering as in Table 4-), or residue 20, 87, 94, 95
and 112 (linear numbering as in Table 5).

[0049] In yet other embodiments, the modified anti-PSMA antibody, or antigen-binding
fragment thereof, includes at least one light or heavy chain immuno globulin or, more preferably,
at least one light chain immunoglobulin and at least one heavy chainn immunoglobulin.
Preferably, the light chain immunoglobulin includes a modified nora-human light chain variable
region comprising three CDRs from a non-human, e.g., murine, anti-PSMA light chain variable
region (e.g., the murine J591 light chain variable region shown in SIEQ ID NO:20 (see Figure
1B), or the light chain variable region of the antibody produced by the hybridoma cell line
having an ATCC Accession Number HB-12126) and a modified light chain framework which
differs from the framework of the non-human anti-PSMA light chaim variable region, e.g., the
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murine J591 light chain variable region (SEQ ID NO:20 or the light chain variable region of the
antibody produced by the hybridoma cell line having an ATCC Accession Number HB-12126),
by at least one, two, three, four, five, six, seven, eight, nine, ten positioms selected from the group
consisting of:

a position within or adjacent to one or more of residues 1, 2, 3, 4, 5,6, 7,8, 9, 10,
11, 12 or 13, or a T cell epitope which includes one or more of residues 1-13 (numbering as in
Figure 3B);

a position within or adjacent to one or more of residues 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19 or 20, or a T cell epitope which includes one or more of residues residues 8-20
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 17, 18, 19, 20, 21, 22, 23,
24, 25,26, 27,28 or 29, or a T cell epitope which includes one or more of residues 17-29
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37,38 or 39, or a T cell epitope which includes one or more of residues 27-39
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42 or 43, or a T cell epitope which includes one or m ore of residues 30-43
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 45, 46, 47, 48, 49, 50,51,
52,53, 54, 55,56, 0r 57, or a T cell epitope which includes one or more of residues 45- 57
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, or 68, or a T cell epitope which includes one or more of residues 56-68-
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 71, 72, 73, 74, 75, 76, 77,
78,79, 80, 81, 82, or 83, or a T cell epitope which includes one or more of residues 71- 83
(numbering as in Figure 3B);

a position within or adjacent to one or more of residues 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84 or 85, or a T cell epitope which includes one or more of residues 73-85
(numbering as in Figure 3B); and
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a position within or adjacent to one or more of residues 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, or 106, or a T cell epitope which includes one or more of residues
94-106 (numbering as in Figure 3B).
[0050] In yet other embodiments, the anti-PSMA antibody, or antigen-binding fragment
thereof, includes at least one light or heavy chain immunoglobulin or, more preferably, at least
one light chain immunoglobulin and at least one modified heavy chain immunoglobulin.
Preferably, the light chain immunoglobulin includes a modified non-human light chain variable
region comprising three CDRs from a non-human, e.g., murine, anti-PSMA light chain variable
region (e.g., the murine J415 light chain variable region shown in SEQ ID NO:48 (Figure 37), or
the light chain variable region of the antibody produced by the hybridoma cell line having an
ATCC Accession Number HB-12109) and a light chain framework which differs from the
framework of the non-human anti-PSMA light chain variable region, e.g., the murine J415 light
chain variable region (SEQ ID NO:48 or the light chain variable region of the antibody produced.
by the hybridoma cell line having an ATCC Accession Number HB-12109), by at least one, two,
three, four, five, six, seven positions selected from the group consisting of:

a position within or adjacent to one or more of residues 5, 6, 7, 8,'9, 10,11, 12,
13, 14, 15, 16, 17 or 18, or a T cell epitope which includes one or more of residues 5-18 (linear
numbering as in Figure 6);

a position within or adjacent to one or more of residues 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, or 24, or a T cell epitope which includes one or more of residues residues
11-24 (linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, or 26, or a T cell epitope which includes one or more of residues 13-26
(linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, or 30, or a T cell epitope which includes one or more of residues 17-30
(linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 27, 28, 29, 30, 3 1, 32, 33,
34, 35, 36, 37, 38, 39, or 40, or a T cell epitope which includes one or more of residues 27-40

(linear numbering as in Figure 6);
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a position within or adjacent to one or more of residues 31, 32, 33, 34, 35, 36,'37, A
38, 39, 40, 41, 42, 43, or 44, or a T cell epitope which includes one or more of residuees 31-44 -
(linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 56, 57, 58, 59 , 60, 61, 62,
63, 64, 65, 66, 67, 68, or 69, or a T cell epitope which includes one or more of residues 56-69
(linear numbering as in Figure 6); |

a position within or adjacent to one or more of residues 60, 61, 62, 63 ', 64, 65, 66,
67, 68, 69, 70, 71,A 72, or 73, or a T cell epitope which includes one or more of residu es 60-73
(linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 70, 71, 72, 73 , 74, 75, 76,
77, 78, 79, 80, 81, 82, or 83, or a T cell epitope which includes one or more of residies 70-83
(linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 71, 72, 73, 74, 75, 76, 77,
78, 79, 80, 81, 82, 83 or 84, or a T cell epitope which includes one or more of residucs 71-84
(linear numbering as in Figure 6);

a position within or adjacent to one or more of residues 73, 74, 75, 76,, 77, 78, 79,
80, 81, 82, 83, 84, 85 or 86, or a T cell epitope which includes one or more of residues 73-86
(linear numbering as in Figure 6); |

a position within or adjacent to one or more of residues 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, or 92, or a T cell epitope which includes one or moxre of
residues 76-92 (linear numbering as in Figure 6); and

' a position within or adjacent to one or more of residues 81, 82, 83, 84, 85, 86, 87,

88, 89, 90, 91, 92, 93, or 94, or a T cell epitope which includes one or more of residu-es 81-94
(linear numbering as in Figure 6). ’
[0051] In other embodiments, the heavy chain immunoglobulin of the anti-PSMA
antibody, or antigen—binding fragment thereof, includes a non-human heavy chain vawiable
region comprising three CDRs from a non-human, e.g., murine, anti-PSMA heavy ch ain variable
region (e.g., the murine J591 heavy chain variable region shown in SEQ ID NO:19 (see Figure
1A), or the heavy chain variable region of the antibody produced by the hybridoma cell line
having an ATCC Accession Number HB-12126) and a heavy chain framework whicha differs

from the framework of the non-human anti-PSMA heavy chain variable region (e.g., the murine
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J591 heavy chain variable region of SEQ ID NO:19 or the heavy chain variable framework of the
antibody produced by the hybridoma cell line having an ATCC Accession Number HB-12126),
by at least one, two, three, five, seven, ten positions selected from the group consisting of:

a position within or adjacent to one or more of residues 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, or 14, or a T cell epitope which includes one or more of residues 2-14 (numbering as
in Figure 3A);

a position within or adjacent to one or more of residues 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, or 22, or a T cell epitope which includes one or more of residues 10- 22
(numbering as in Figure 3A); ‘ / '

a position within or adjacent to one or more of residues 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, or 28, or a T cell epitope which includes one or more of residues 16-28.
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, or 42, or a T cell epitope which includes one or more of residues 30- 42
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, or 44, or a T cell epitope which includes one or more of residues 32-44
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, or 55, or a T cell epitope which includes one or more of residues 43-55
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 46, 47, 48, 49, 50, 51, 52,
53,54,55,56,57,or 58, or a T cell epitope which includes one or more of residues 46-58
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, or 70, or a T cell epitope which includes one or more of residues 58-70 .
(numbering as in Figure 3A); |

a position within or adjacent to one or more of residues 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72, 73 or 74, or a T cell epitope which includes one or more of residues 62-74
(numbering as in Figure 3A);
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a position within or adjacent to one or more of residues 70, 71, 72, 73, 74, 75, 76,
77,78, 79, 80 or 81, or a T cell epitope which includes one or more of residues 70-81
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, or 93, or a T cell epitope which includes one or more of residues 81-93
(numbering as in Figure 3A); ' A

a position within or adjacent to one or more of residues 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 95, or 96, or a T cell epitope which includes one or more of residues 84-96
(numbering as in Figure 3A);

a position within or adjacent to one or more of residues 91, 92, 93, 95, 96, 97, 98,
99, 100, 101, 102, or 103, or a T cell epitope which includes one or more of residues 91- 103
(numbering as in Figure 3A); and

a position within or adjacent to one or more of residues 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, or 112, or a T cell epitope which includes one or more of
residues 100-112 (numbering as in Figure 3A).
[0052] In other embodiments, the heavy chain immunoglobulin of the anti-PSMA
antibody, or antigen-binding fragment thereof, includes a non-human heavy chain variable
region comprising three CDRs from a non-human, e.g., murine, anti-PSMA heavy chain variable
region (e.g., the murine J415 heavy chain variable region shown in SEQ ID NO:47 (see Figure
5), or the heavy chain variable region of the antibody produced by the hybridoma cell line having
an ATCC Accession Number HB-12109) and a heavy chain framework which differs from the
framework of the non-human anti-PSMA heavy chain variable region, e.g., the murine J591
heavy chain variable region of SEQ ID NO:47 or the heavy chain variable framework of the
antibody produced by the hybridoma cell line having an ATCC Accession Number HB-12109),
by at least one, two, three, four, five positions selected from the group consisting of:

a position within or adjacent to one or more of residues 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22 or 23, or a T cell epitope which includes one or more of residues 10-23
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, or 29, or a T cell epitope which includes one or more of residues 16-29
(numbering as in Figure 5); |
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a position within or adjacent to one or more of residues 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, or 34, or a T cell epitope which includes one or more of residues 21-34
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, or 43, or a T cell epitope which includes one or more of residues 30- 43
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, or 48, or a T cell epitope which includes one or more of residues 35-48
(numbering as in Figure 5); | ‘

a position within or adjacent to one or more of residues 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, or 56, or a T cell epitope which includes one or more of residues 43-56
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58 or 59, or a T cell epitope which includes one or more of residues 46-59
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, or 62, or a T cell epitope which includes one or more of residues 49-62
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 64, 65, 66, 67, 68, 69, 70,
71,72,73,74, 75,76, 0r 77, or a T cell epitope which includes one or more of residues 64-77
(numbering as in Figure 5);

a position within or adjacent to one or more of residues 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, or 93, or a T cell epitope which includes one or more of residues 80-93
(numbering as in Figure 5);

a position within or adjaéent to one or more of residues 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, or 99, or a T cell epitope which includes one or more of residues 86-99
(numbering as in Figure 5); and

a position within or adjacent to one or more of residues 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, or 117, or a T cell epitope which includes one or more of
residues 104-117 (numbering as in Figure 5).
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[0053] In yet other embodiments, the anti-PSMA antibody, or antigen-binding fragmént
thereof, includes at least one light or heavy chain immunoglobulin or, more preferably, at least
one light chain immunoglobulin and at least one heavy chain immunoglobulin. Preferably, the
light chain immunoglobulin includes a non-human light chain variable region comprising three
CDRs from a non-human, e.g., murine, anti-PSMA light chain variable region (e.g., the murine
J591 light chain variable region shown in SEQ ID NO:20 (Figure 1B), or the light chain variable
region of the antibody produced by the hybridoma cell line having an ATCC Accession Number
HB-12126) and a light chain framework which differs from the framework of the non-human
anti-PSMA light chain variable region, e.g., murine J591 light chain variable region, by at least
one position while having a residue from the non-human anti-PSMA light chain variable region
at at least one, two, three, five, seven, ten, fifteen, or twenty residues selected from the group
consisting of 1, 2, 4-7, 12-19, 23, 31-41, 43-49, 57, 59, 61, 62, 64-75, 79, 82, 83, 85-87, 89, 98,
99, 101, 102, 105, and 106 (numbering as in Figure 3B). The light chain framework can differ at
positions choseﬁ from one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, nineteen, twenty or more residues selected from the group
consisting of 3,-8, 9, 10, 11, 20, 21, 22, 42, 58, 60, 63, 76, 77, 78, 80, 83, 87, 100, 103, and 104
(numbering as in Figure 3B).

[0054] In yet other embodiments, the anti-PSMA antibody, or antigen-binding fragment
thereof, includes at least one light or heavy chain immunoglobulin or, more preferably, at least
one light chain immunoglobulin and at least one heavy chain immunoglobulin. Preferably, the
modified light chain immunoglobulin includes a non-human light chain variable region
comprising three CDRs from a non-human, e.g., murine, anti-PSMA light chain variable region
(e.g., the murine J415 light chain variable region shown in SEQ ID NO:48 (Figure 6), or the light
chain variable region of the antibody produced by the hybridoma cell line having an ATCC A
Accession Number HB-12109) and a light chain framework which differs from the framework of
the non-human anti-PSMA light chain variable region, e.g., murine J415 light chain variable
region, by at least one position while having a residue from the non-human anti-PSMA light
chain variable region at at least one, two, three, five, seven, ten, fifteen, or twenty residues
selected from the group consisting of 1-12, 14, 16-18, 20-40, 42-62, 64-67, 69-79, and 81-107

(linear numbering as in Figure 6). The modified light chain framework can differ at at least one,
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two, three, four, five, six, or seven positions selected from the group consisting of 13, 15, 19, 41,
63, 68 and 80 (linear numbering as in Figure 6).

[0055] In other embodiments, the heavy chain immunoglobulin of the modiﬁed anti-
PSMA antibody, or antigen-binding fragment thereof, includes a non-human heavy chain
variable region comprising three CDRs from a non-human, e.g., murine, anti-PSMA heavy chain
variable region (e.g., the murine J591 heavy chain variable region shown in SEQ ID NO:19 .
(Figure 1A), or the heavy chain variable region of the antibody produced by the hybridoma cell
line having an ATCC Accession Number HB-12126) and a modified heavy chain framework
which differs from the framework of the non-human anti-PSMA heavy chain variable region by
at least one position while having a residue from the non-human anti-PSMA heavy chain
variable region at at least one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, or fourteen residues selected from the group consisting of 1-4, 6-10, 13-15, 18, 20-25,
36-39, 42, 43, 45-49, 67-75, 78-83, 85, 86, 88-90, 92-98, 105-109, and 111-115 (numbering as in
Figure 3A). The modified heavy chain framework can differ at at least one, two, three, four,
five, six, seven, eight, nine, ten, eleven, twelve, thirteen, or fourteen positions selected from the
grouﬁ consisting of 5, 11-12, 16-17, 19, 26-35, 40-41, 44, 50-66, 76-77, 84, 87, 91, 99-104, and
110 (numbering as in Figure 3A).

[0056]) In other embodiments, the heavy chain immunoglobulin of the anti-PSMA
antibody, or antigen-binding fragment thereof, includes a non-human heavy chain variable
region comprising three CDRs from a non-human, e.g., murine, anti-PSMA heavy chain variable
region (e.g., the murine J415 heavy chain variable region shown in SEQ ID NO:47 (Figure 5), or
the heavy chain variable region of the antibody produced by the hybridoma cell line having an
ATCC Accession Number HB-12109) and a heavy chain framework which differs from the
framework of the non-human anti-PSMA heavy chain variable region by at least one position
while having a residue from the non-human anti-PSMA heavy chain variable region at at least
one, two, three, four, or five residues selected from the group consisting of 1-19, 21-86, 88-93,
96-111, and 113-116 (numbering as in Figure 5). The heavy chain framework can differ at a
positions selected from the group consisting of 20, 87, 94, 95 and 112 (numbering as in Figure

5).
[0057] In yet another aspect, the heavy chain immunoglobulin of the anti-PSMA

antibody, or antigen-binding fragment thereof, includes a heavy chain variable region comprising
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at least one, two, three, four, five, six, seven, eight, nine, ten, twenty, twenty-five, thirty, thirty- |
five, forty, forty-five, or fifty amino acid residues chosen from one or more of the following
residues and located at a position chosen from one or more of: residue 1 (glutamate), 2 (valine),
4 (leucine), 7 (serine), 8 (glycine), 11 (leucine), 14 (proline), 15 (glycine), 19 (lysine), 20
(isoleucine), 21 (serine), 22 (cysteine), 25 (serine), 26 (glycine), 28 (threonine), 29
(phenylalanine), 32 (tyrosine), 36 (tryptophan), 37 (valine), 38 (arginine/lysirie), 39 (glutamine),
41 (proline), 43 (lysine), 44 (glycine), 45 (leucine), 46 (glutamate), 47 (tryptophan), 51
(isoleucine), 67 (arginine/lysine), 73 (aspartate), 75 (serine), 80 (tyrosine), 85 (serine), 86
(leucine), 87 (arginine), 89 (glutamate), 90 (aspartate), 91 (threonine), 92 (alanine), 93 (valine),
94 (tyrosine), 95 (tyrosine), 96 (cysteine), 100 (tryptophan), 101 (asparagine), 105 (tryptophan),
106 (glycine), 107 (glutamine), 108 (glycine), 109 (threonine), 112 (threonine), 113 (valine), 114

(serine), or 115 (serine) (linear numbering as shown in Figure 3A).

[0058] In one embodiment, the heavy chain immunoglobulin of the anti-PSMA antibody,
or antigen-binding fragment thereof, includes one or more of: |

a framework region 1 having at least one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen amino acids selected from the group consisting of residue 1
(glutamate), 2 (valine), 4 (leucine), 7 (serine), 8 (glycine), 11 (leucine), 14 (proline), 15
(glycine), 19 (lysine), 20 (isoleucine), 21 (serine), 22 (cysteine), and 25 (serine) (linear
numbering as shown in Figure 3A);

a CDR1 having at least one, two, three, four amino acids selected from the group
consisting of residue 26 (glycine), 28 (threonine), 29 (phenylalanine), and 32 (tyrosine) (linear
numbering as shown in Figure 3A);

a framework region 2 having at least one, two, three, four, five, six, seven, eight,
nine, ten amino acids selected from the group consisting of residue 36 (tryptophan), 37 (valine),
38 (arginine/lysine), 39 (glutamine), 41 (proline), 43 (lysine), 44 (glycine), 45 (leucine), 46
(glutamate), and 47 (tryptophan) (linear numbering as shown in Figure 3A);

a CDR2 having at least one isoleucine at position 51 (lineér numbering as shown
in Figure 3A);

a framework region 3 having at least one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen amino acids selected from the group consisting of

residue 67 (arginine/lysine), 73 (aspartate), 75 (serine), 80 (tyrosine), 85 (serine), 86 (leucine),
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87 (arginine), 89 (glutamate), 90 (aspartate), 91 (threonine), 92 (alanine), 93 (valine), 94
(tyrosine), 95 (tyrosine), and 96 (cysteine) (linear numbering as shown in Figure 3A);
a CDR3 having at least one, two amino acids selected from the group consisting
of residue 100 (tryptophan) and 101 (asparagine) (linear numbering as shown in Figure 3A); or
a framework region 4 having at least one, two, three, four, five, six, seven, eight,
nine amino acids selected from the group consisting of residue 105 (tryptophan), 106 (glycine),
107 (glutamine), 108 (glycine), 109 (threonine), 112 (threonine), 113 (valine), 114 (serine), and

115 (serine) (linear numbering as shown in Figure 3A).

[0059] In yet another embodiment, the light chain immunoglobulin of the modified anti-
PSMA antjbody, or antigen-binding fragment thereof, includes a light chain variable region
comprising at least one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,
fourteen, twenty, thirty, forty, fifty, sixty, or seventy amino acids chosen from one or more of the
following residues and located at a position chosen from one or more of: residue 2 (isoleucine),
4 (methionine), 5 (threonine), 6 (glutamine), 8 (proline), 10 (serine), 12 (serine), 14 (serine), 16
(glycine), 17 (glutamate/aspartate), 18 (arginine), 20 (threonine), 21 (leucine), 22 (threonine), 23
(cysteine), 24 (lysine), 25 (alanine), 26 (serine), 29 (valine), 30 (glycine), 31 (threonine), 33
(valine), 35 (tryptophan), 36 (tyrosine), 37 (glutamine), 38 (glutamine), 39 (lysine), 40 (proline),
43 (serine), 44 (proline), 45 (lysine), 47 (leucine), 48 (isoleucine), 49 (tyrosine), 51 (alanine), 52
(serine), 54 (arginine), 56 (threonine), 57 (glycine), 59 (proline), 61 (arginine), 62
(phenylalanine), 63 (serine), 64 (glycine), 65 (serine), 66 (glycine), 67 (serine), 68 (glycine), 69
(threonine), 70 (aspartate), 71 (phenylalanine), 73 (leucine), 74 (threonine), 75 (threonine), 76
(serine), 77 (serine), 79 (glutamine), 81 (glutamate), 82 (aspartate), 85 (aspartate), 86 (tyrosine),
87 (tyrosine), 88 (cysteine), 90 (glutamine), 95 (proline), 97 (threonine), 98 (phenylalanine), 99
(glycine), 101 (glycine), 102 (threonine), 103 (lysine), 105 (glutamate/aspartate), or 107 (lysine)

(linear numbering as in Figure 3B).

[0060) In one embodiment, the light chain immunoglobulin of the anti-PSMA antibody,
or antigen-binding fragment thereof, includes one or more of: ' ‘

a framework region 1 having at least one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, fourteen, fifteen amino acids selected from the group consisting of

residue 2 (isoleucine), 4 (methionine), 5 (threonine), 6 (glutamine), 8 (proline), 10 (serine), 12
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(serine), 14 (serine), 16 (glycine), 17 (glutamate/aspartate), 18 (arginine), 20 (threonine), 21
(leucine), 22 (threonine), and 23 (cysteine) (linear numbering as shown in Figure 3B);

a CDR1 having at least one, two, three, four, five, six, seven amino acids selected
from the group consisting of residue 24 (Lysine), 25 (alanine), 26 (serine), 29 (valine), 30
(glycine), 31 (threonine), and 33 (valine) (linear numbering as shown in Figure 3B);

a framework region 2 having at least one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve amino acids selected from the group consisting of residue 35
(tryptophan), 36 (tyrosine), 37 (glutamine), 38 (glutamine), 39 (lysine), 40 (proline), 43 (serine),
44 (proline), 45 (lysine), 47 (leucine), 48 (isoleucine), and 49 (tyrosine) (linear numbering as
shown in Figure 3B);

a CDR2 having at least one, two, three, four amino acids selected from the group
consisting of residue 51 (alanine), 52 (serine), 54 (arginine), and 56 (threonine) (linear
numbering as shown in Figure 3B);

a framework region 3 having at least one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen, fifteen, twenty, twenty-one, twenty-two, twenty-
three, twenty-four amino acids selected from the group consisting of residue 59 (proline), 61
(arginine), 62 (phenylalanine), 63 (serine), 64 (glycine), 65 (serine), 66 (glycine), 67 (serine), 68
(glycine), 69 (threonine), 70 (aspartate), 7 1 (phenylalanine), 73 (leucine), 74 (threonine), 75
(threonine), 76 (serine), 77 (serine), 79 (glutamine), 81 (glutamate), 82 (aspartate), 85 4
(aspartate), 86 (tyrosine), 87 (tyrosine), and 88 (cysteine) (linear numbering as shown in Figure
3B);

a CDR3 having at least one, two, three, four amino acids selected from the group
consisting of residue 90 (glutamine), 95 (proline), 97 (threonine), and 98 (phenylalanine) (linear
numbering as shown in Figure 3B); or ’

a framework region 4 having at least one, two, three, four, five, six amino acid
* selected firom the group consisting of residue 99 (glycine), 101 (glycine), 102 (threonine), 103
(lysine), 105 (glutamate/aspartate), and 107 (lysine) (linear numbering as shown in Figure 3B).
[0061] An anti-PSMA antibody, e.g., a modified anti-PSMA antibody, or antigen-binding
fragment thereof, described herein can be used alone, e.g., can be administered to a subject, or
used in vitro, in non-derivatized or unconjugated forms. In other embodiments, the anti-PSMA

antibody, or antigen-binding fragment thereof, can be derivatized or linked to another molecular
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entity, typically a label or a thérapeutic (e.g., a cytotoxic or cytostatic) agent. The molecular
entitj} can be, e.g., another peptide, protein (including, e.g., 2 viral coat protein of, e.g., a
recombinant viral particle), a non-peptide chemical compound, isotope, etc. The anti-PSMA
antibody, or antigen-binding fragment thereof, can be functionally linked, e.g., by chemical
coupling, genetic fusion, non-covalent association or otherwise, to one or more other molecular
entities. For ekample, the anti-PSMA antibody, or antigen-binding fragment thereof, can be
coupled to a label, such as a fluorescent label, a biologically active enzyme label, a radioisotope
(e.g., a radioactive ion), a nuclear magnetic resonance active label, a luminescent label, or a
chromophore. In other embodiments, the anti-PSMA antibody, or antigen-binding fragment
thereof, can be coupled to a therapeutic agent, e.g., a cytotoxic moiety, e.g., a therapeutic drug, a
radioisotope, molecules of plant, fungal, or bacterial origin; or biological proteins (e.g., protein
toxins) or particles (e.g., recombinant ;riral particles, e.g., via a viral coat protein), or mixtures
thereof, The therapeutic agent can be an intracellularly active drug or other agent, such as
short-range radiation emitters, including, for example, short-range, high-energy o-emitters, as
described herein. In some preferred embodiments, the anti-PSMA antibody, or antigen binding
fragment thereof, can be coupled to a molecule of plant or bacterial origin (or derivative thereof),
e.g., a maytansinoid (e.g., maytansinol or the DM1 maytansinoid, see Fig. 15), a taxane, or a |
calicheamicin. A radioisotope can be an a-, -, or y-emitter, or an f3- and y-emitter.
Radioisotopes useful as therapeutic agents include yttrium °Y), lutetium (*""Lu), actinium
(*®Ac), praseodymium, astatine (*'' At), thenium (**Re), bismuth (**Bi or **Bi), and rhodium
('*Rh). Radioisotopes useful as labels, e.g., for use in diagnostics, include iodine (P or 1),
indium (*''In), technetium (99mTc), phosphorus (32P), carbon (14C), and tritium (H), or one of
the therapeutic isotopes listed above. The anti-PSMA antibody, or antigen-binding fragment
thereof can also be linked to another antibody to form, e.g., a bispecific or a multispecific
antibody.

[0062] In another aspect, the invention features, an anti-PSMA antibody, e.g., an
antibody described herein, coupled, e.g., by covalent linkage, to a proteosome inhibitor or a
topoisomerase inhibitor. [(1R)-3-methyl-1-[[(2S)-1 -0x0-3-phenyl-2-[(3-mercaptoacetyl)
amino]propyl}amino]butyl] Boronic acid is a suitable proteosome inhibitor. N,N'-bis[2-(9-

methylphenazine-1-carboxamido)ethyl]-1,2-ethanediamine is a suitable topoisomerase inhibitor.
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[0063] In some embodiments, the anti-PSMA antibody is linked to a therapeutic agent as
described herein via a linker, e.g., a cleavable linker, e.g., a cleavable linker that allows the
release of the therapeutic agent into the intracellular space upon internalization of the antibody-
agent complex.

[0064] In another aspect, the invention provides compositions, €. g., pharmaceutical
compositions, which include a pharmaceutically acceptable carrier, excipient or stabilizer, and at
least one of the anti-PSMA antibodies, €.g., the modified anti-PSMA antibodies (or fragments
thereof) described herein. In a preferred embodiment, thie pharmaceutical composition includes
about 1-100 mg/ml of a conjugated or unconjugated (naked) antibody described herein. (When a
conjugated antibody is used, the mg/ml used preferably refers to the milligrams of antibody, as
opposed to the milligrams of conjugated antibody). Preferably, the pharmaceutical composition
includes about 2-10 mg/m1, preferably about 4-6 mg/ml, and more preferably about 5.0+ 0.5
mg/ml of a conjugated or unconjugated (naked) antibody described herein. In other
embodiments, the pharmaceutical composition includes about 20-100 mg/ml, preferably about
30-70 mg/ml, and more preferably about 40-50 mg/ml of a conjugated or unconjugated (naked)
antibody described herein. The composition can further include one or more of: a buffer or
buffers, an excipient or excipients, and a stabilizer or stabilizers. For example, the
pharmaceutical composition can include a sugar or combination of sugars (e.g., one or more of
sucrose and mannitol). The pharmaceutical composition can also include a buffer or buffers
(e.g., one or more of: soditim succinate and histidine). In a preferred embodiinent, the
pharmaceutical composition includes one or both of: sodium succinate, e.g., about 10 mM to

. about 30 mM, preferably about 20 mM, sodium succinate, and sucrose, e.g., about 75-125,
preferably 100, mg/ml sucrose. In a preferred embodiment, the composition includes both

* sodium succinate and sucrose. A preferred composition includes about 10 mM to about 30 mM,
preferably about 20 mM, NaSuccinate and about 75 to 125 mg/ml, preferably about 100 mg/ml,
sucrose. A preferred pH of the sodium succinate is about 4-6.5, preferably 5.5. In a preferred
embodiment the antibody is conjugated to a label or a therapeutic agent. In one embodiment, the
compositions, e.g., the pharmaceutical compositions, comprise a combination of two or more of
the aforesaid anti-PSMA antibodies. For example, a composition, e.g., pharmaceutical
composition, which comprises a deimmunized J591 antibody, in combination with another anti-

PSMA antibody, or an antibody to another tumor cell-associated antigen, e.g., EGF receptor,
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Her-2/neu, etc. Combinations of the anti-PSMA antibody (e.g., naked or conjugated) and a drug,
e.g., a therapeutic agent (e.g., a cytotoxic or cytostatic drug, e.g., cytochalasin B, gramicidin D,
ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin dione, estramustine, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine,
propranolol, puromycin, maytansinoids, e.g., DM1, calicheamicin, or taxanes, e.g., taxol,
paclitaxel, and/or docetaxel, topoisomerase inhibitors, or an immunomodulatory agent, e.g., IL-1,
2, 4, 6, or 12, interferon alpha or gamma, or immune cell growth factors such as GCSF or GM-
CSF) are also within the scope of the invention. The pharmaceutical composition can be
packaged with instructions for use of the anti-PSMA antibody or antibodiese.g., for use in a
dosage or administration regimen, e.g., described herein. The instructions can include
instructions for use of the anti-PSMA antibody in combination with one or more drugs, e.g., one
or more drugs listed above. The pharmaceutical compositions of the invention can be stored
frozen, e.g., below zero degrees Celsius, preferably at about -4°C, more préferably at about —
20°C, even more preferably at about —70 to -90°C. In other embodiments, the pharmaceutical
compositions of the invention can be lyophilized or dried.

[0065] In a preferred embodiment, the pharmaceutical composition comprises less than
about 20%, less than about 15%, less than about 10%, less than about 5%, 4%, 3%, 2%, 1%,
0.5%, 0.1%, 0.05%, or 0.01% impurities, e.g., protein or non-protein impurities. The presence
and percentage of impurities in a sample, e.g., a sample from a batch of the pharmaceutical
composition, can be determined by any method known in the art, including but not limited to
spectrophotometry, IEF, SEC, SDS-PAGE, LC, CE and/or MS. The sample can be analyzed
under native conditions or after application of a treatment, e.g., reduction and/or denaturation.
Typical impurities include small molecule impurities, e.g., impurities arising from the
manufacturing process, €.g., the manufacturing process of a conjugated antibody. Examples of
such impurities include unconjugated conjugate (e.g., DM1, DM1 dimer, or DM1-TPA in a
pharmaceutical domposition which also includes DM1-conjugated antibodies), TPA, EDTA, N-
succinimidyl 4-(2-pyridyldithiopentanoate), 2-pyridyldithiopentanoate, and dimethylacetamide.
Other impurities can include protein-related substances, e.g., antibody dimers and improperly

conjugated antibodies in a pharmaceutical composition comprising conjugated antibodies. The
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pharmaceutical composition can comprise greater than about 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% conjugated or unconjugated antibody monomer.
[0066] In some embodiments, the pharmaceutical composition includes an anti-PSMA
antibody (or fragment thereof) linked to a therapeutic agent, €.8., 2 cytotoxic agent such as DM1.
The ratio of antibody to therapeutic agent (e.g., DM1) can be determined by any method known
in the art, including but not limited to spectrophotometry, IEF, SEC, SDS-PAGE, LC, CE and/or
MS. For example, the therapeutic agent /antibody ratio can be determined by measuring the total
conjugate molar concentration in a sample, e.g., spectrophotometrically, and dividing by the
molar concentration of the conjugated antibody. Where the conjugate is DM1, the
DM1/antibody ratio is preferably about 1.0-7.0, preferably about 2.0-5.0, more preferably about
3.0-4.0, even more preferably about 3.4 to 3.8 (e.g., 3.5).
[0067] The invention also features nucleic acid sequences that encode a heavy and light
chain immunoglobulin described herein. For example, the invention features, a first and second
nucleic acid encoding a modified heavy and light chain variable region, respectively, of a
modified anti-PSMA antibody molecule as described herein. In another aspect, the invention
features host cells and vectors containing the nucleic acids of the invention. |
[0068] In another aspect, the invention features a method of producing an anti-PSMA
antibody, e.g., a modified anti-PSMA antibody, or antigen-binding fragment thereof. The
method includes:

providing a first nucleic acid encoding a heavy chain variable region, e.g., a
modified heavy chain variable region as described herein;

providing a second nucleic acid encoding a light chain variable region, e.g., &
modified light chain variable region as described herein; and |

introducing said first and second nucleic acids into a host cell under conditions
that allow expression and assembly of said light and heavy chain variable régions.
[0069] The first and second nucleic acids can be linked or unlinked, e.g., expressed on
the same or different vector, respectively.
[0070] The host cell can be a eukaryotic cell, e.g., a mammalian cell, an insect cell, a
yeast cell, or a prokaryotic cell, e.g., E. coli. For example, the mammalian cell can be a cultured
cell or a cell line. Exemplary mammalian cells include lymphocytic cell lines (e.g., NS0),

Chinese hamster ovary cells (CHO), COS cells, oocyte cells, and cells from a transgenic animal,
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e.g., mammary epithelial cell. For example, nucleic acids encoding the modified antibody
described herein can be expressed in a transgenic animal. In one embodiment, the nucleic acids
are placed under the control of a tissue-specific promoter (e.g., a mammary specific promoter)
and the antibody is produced in the transgenic animal. For example, the antibody molecule is
secreted into the milk of the transgenic animal, such as a transgenic cow, pig, horse, sheep, goat
or rodent.

[0071] The invention also features a method of ablating or killing, a cell, e.g., a prostatic
cell (e.g., a cancerous or non-cancerous prostatic cell, e.g., a normal, benign or hyperplastic
prostatic epithelial cell), or a malignant, non-prostatic cell, e.g., cell found in a non-prostatic
solid tumor that, e.g., has vasculature which expresses PSMA, a soft tissue tumor, or a metastatic
lesion (e.g., a cell found in renal, urothelial (e.g. bladder), colonic, rectal, pulmonary, breast or
hepatic cancers and/or metastases thereof). Methods of the invention include contacting the cell,
or a nearby cell, e.g., a vascular endothelial cell proximate to the cell, with an anti-PSMA
antibody as described herein, e.g., a modified anti-PSMA antibody, in an amount sufficient to
ablate or kill, the cell. Alternatively, an anti-PSMA antibody as described herein, e.g., a
modified anti-PSMA antibody, preferably a fragment of a modified anti-PSMA antibody, can be
conjugated to a viral particle, e.g., to a coat protein of a viral particle. The anti-PSMA/viral
particle conjugate can be used to target prostate cells, e.g., cancerous prostate cells, with
genetically engineered viral particles that infect the cells and express, e.g., pro apoptotic genes,
to thereby kill the cells or inhibit cell growth.

[0072] - The methods can be used on cells in culture, e.g. in vitro or ex vivo. For example,
prostatic cells (e.g., malignant or normal, benign or hyperplastic prostate epithelial cells) or non-
prostatic cancerous or metastatic cells (e.g., renal, urothelial (e.g., bladder), testicular, colon,
rectal, lung (e.g., non-small cell lung carcinoma), breast, liver, neural (e.g., neuroendocrine),
glial (e.g., glioblastoma), pancreatic (e.g., pancreatic duct), melanoma (e.g., malignant
melanoma), or soft tissue sarcoma cancerous cells) can be cultured iz vitro in culture medium
and the contacting step can be effected by adding the modified anti-PSMA antibody or fragment
thereof, to the culture medium. The method can be performed on cells (e.g., prostatic cells, or
non-prostatic cancerous or metastatic cells) present in a subject, as part of an in vivo (e.g.,

therapeutic or prophylactic) protocol.
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[0073] Methods of the invention can be used, for example, to treat or prevent a disorder,
e.g., a prostatic disorder (e.g., a cancerous or non-cancerous prostatic disorder, e.g., a benign or
hyperplastic prostatic disorder), or a non-prostatic disorder (e.g., cancer, e.g., malignant cancer),
by administering to a subject an antibody described herein, preferably a modified PSMA
antibody, or antigen-binding fragment thereof, in an amount effective to treat or prevent such
disorder. Particularly preferred antibodies include modified antibodies having CDRs from any
of a J591, J415, 1533 or E99, and in particular deimmunized versions of these antibodies,
particularly deJ591 or deJ415. Examples of prostatic disorders that can be treated or prevented
include, but are not limited to, genitourinary inflammation (e.g., inflammation of smooth muscle
cells) as in prostatitis; benign enlargement, for example, nodular hyperplasia (benign prostatic .
hypertrophy or hyperplasia); and cancer, €.g., adenocarcinoma or carcinoma, of the prostate
and/or testicular tumors. Methods and compositions disclosed herein are particularly useful for
treating metastatic lesions associated with prostate cancer. In some embodiments, the patient
will have undergone one or more of prostatectomy, chemotherapy, or other anti-tumor therapy
and the primary or sole target will be metastatic lesions, e.g., metastases in the bone marrow or
lymph nodes. Examples of non-prostatic cancerous disorders include, but are not limited to,
solid tumors, soft tissue tumors, liquid tumors and particularly metastatic lesions. Examples of
solid tumors include malignancies, e.g., sarcomas, adenocarcinomas, and carcinomas, of the
various organ systems, such as those affecting lung, breast, lymphoid, gastrointestinal (e.g.,
colon), genitals and genitourinary tract (e.g., renal, urothelial, bladder cells), pharynx, CNS (e.g.,
neural or glial cells), skin (e.g., melanoma), and pancreas, as well as adenocarcinomas which
include malignancies such as most colon cancers, rectal cancer, renal-cell carcinoma, liver
cancer, non-small cell carcinoma of the lung, cancer of the small intestine and cancer of the
esophagus. Methods and compositions disclosed herein are particularly useful for treating
metastatic lesions associated with the aforementioned cancers. In some embodiments, the patient
will have undergone one or more of surgical removal of a tissue, chemotherapy, or other anti-
cancer therapy and the primary or sole target will be metastatic lesions, e.g., metastases in the
bone marrow or lymph nodes.

[0074] In a preferred embodiment the subject is treated to prevent a disorder, e.g., a
prostatic disorder. The subject can be one at risk for the disorder, e.g., a subject having a relative

afflicted with the disorder, e.g., a subject with one or more of a grandparent, parent, uncle or

41



WO 2005/094882 PCT/US2004/006543

aunt, sibling, or child who has or had the disorder, or a subject having a genetic trait associatéd
with risk for the disorder. In a preferred embodiment the disorder is a prostatic disorder (e.g., a
cancerous or non-cancerous prostatic disorder, e.g., a benign or hyperplastic prostatic disorder),
or a non-prostatic disorder (e.g., cancer, €.g., malignant cancer) and the subject has one or more
of a grandfather, father, uncle, brother, or son who has or had the disorder, or a subject having a
genetic trait associated with risk for the disorder.

[0075] The subject can be a mammal, e.g., a primate, preferablyy a higher primate, e.g., a
human (e.g., a patient having, or at risk of, a disorder described herein, e.g., a prostatic or a
cancer disorder). In one embodiment, the subject is a patient having prostate cancer (e.g., a
patient suffering from recurrent or metastatic prostate cancer).

[0076] The anti-PSMA antibody or fragment thereof, e.g., a modified anti-PSMA
antibody or fragment thereof as described herein, can be administered to the subject systemically
(e.g., orally, parenterally, subcutaneously, intravenously, rectally, intramuscularly,
intraperitoneally, intranasally, transdermally, or by inhalation or intracavitary installation),
topically, or by application to mucous membranes, such as the nose, throat and bronchial tubes.
[0077] The methods of the in\;ention, e.g., methods of treatment or preventing, can
further include the step of monitoring the subject, e.g., for a change (e.g., an increase or
decrease) in one or more of: tumor size; levels of a cancer marker, e.g., levels of PSA, alkaline
phosphatase, or serum hemoglobin for a patient with prostate cancer; thie rate of appearance of
new lesions, e.g., in a bone scan; the appearance of new disease-related symptoms; the size of
soft tissue mass, e.g., a decreased or stabilization; quality of life, e.g., amount of disease
associated pain, e.g., bone pain; or any other parameter related to clinical outcome. The subject
can be monitored in one or more of the following periods: prior to beginning of treatment; during
the treatment; or after one or more elements of the treatment have been administered.
Monitoring can be used to evaluate the need for further treatment with fhe same modified anti-
PSMA antibody or fragment thereof or for additional treatment with ad ditional agents.
Generally, a decrease in one or more of the parameters described above is indicative of the
improved condition of the subject, although with serum hemoglobin levels, an increase can be
associated with the improved condition of the subject.

[0078] The methods of the invention can further include the step of analyzing a nucleic

acid or protein from the subject, e.g., analyzing the genotype of the subject. In one embodiment,
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a nucleic acid encoding human PSMA and/or an upstream or downstream commponent(s) of
human PSMA signalling, e.g., an extracellular or intracellular activator or inhibitor of human
PSMA, is analyzed. The analysis can be used, e.g., to evaluate the suitability of, or to choose
between alternative treatments, e.g., a particular dosage, mode of delivery, titne of delivery,
inclusion of adjunctive therapy, e.g., administration in combination with a second agent, or
generally to determine the subject's probable drug response phenotype or genotype. The nucleic
acid or protein can be analyzed at any stage of treatment, but preferably, prior to administration
of the modified anti-PSMA antibody or fragment thereof to thereby determine appropriate
dosage(s) and treatment regimen(s) of the modified anti-PSMA antibody or fragment thereof
(e.g., amount per treatment or frequency of treatments) for prophylactic or therapeutic treatment
of the subject.

[0079] The anti-PSMA antibody or fragment thereof (e.g., a modified anti-PSMA
antibody or fragment thereof described herein) can be used alone in unconjugated form to
thereby ablate or kill the PSMA-expressing prostatic or cancerous cells by, e.g., antibody-
dependent cell killing mechanisms such as complement-mediated cell lysis and/or effector cell-
mediated cell killing. In other embodiments, the anti-PSMA antibody or fragment thereof (e.g.,
a modified anti-PSMA antibody or fragment thereof described herein) can be bound to a
substance, e.g., a cytotoxic agent or moiety, e.g., a therapeutic drug, a compound emitting
radiation, molecules of plant, fungal, or bacterial origin, or a biological protein (e.g., a protein
toxin) or particle (e.g., a recombinant viral particle, e.g., via a viral coat protein). For example,
the anti-PSMA antibody, or antigen-binding fragment thereof, can be coupled to a radioactive
isotope such as an o-, B-, or y-emitter, or a p- and y-emitter. Examples of radioactive isotopes
include iodine (**'I or "*°I), yttrium C°Y), lutetium (*""Lu), actinium (***Ac), préseodymium, or
bismuth (¢'*Bi or 23Bj). Alternatively, the anti-PSMA antibody, or antigen-binding fragment
thereof, can be coupled to a biological protein, a molecule of plant or bacterial origin (or
derivative thereof), e.g., a maytansinoid (e.g., maytansinol or DM1), as well as a taxane (e.g.,
taxol or taxotere), or calicheamicin. The maytansinoid can be, for example, maytansinol or a
maytansinol analogue. Examples of maytansinol analogues include those having a modified
aromatic ring (e.g., C-19-decloro, C-20-demethoxy, C-20-acyloxy) and those having
modifications at other positions (e.g., C-9-CH, C-14-alkoxymethyl, C-14-hydroxymethyl or
aceloxymethyl, C-15-hydroxy/acyloxy, C-15-methoxy, C-18-N-demethyl, 4,5-deoxy).
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Maytansinol and maytansinol analogues are described, for example, in U.S. Patent Number
6,333,410, the contents of which is incorporated herein by reference. The calicheamicin can be,
for example, a bromo-complex calicheamicin (e.g., an alpha, beta or gamma bromo-complex), an
* jodo-complex calicheamicin (e.g., an alpha, beta or gamma iodo-complex), or analogs and
mimics thereof, Bromo-complex calicheamicins include a;-BR, 02-BR, a3-BR, 04-BR, Bi-BR,
B,-BR and 7,-BR. Todo-complex calicheamicins include a1-I, 0a-1, 03-, B1-L, Bo-L, 81 and v1-
BR. Calicheamicin and mutants, analogs and mimics thereof are described, for example, in U.S.
Patent Numbers 4,970,198, issued November 13, 1990, 5,264,586, issued November 23, 1993,
5,550,246, issued August 27, 1996, 5,712,374, issued January 27, 1998, and 5,714,586, issued
February 3, 1998, the contents of which are incorporated herein by reference. Maytansinol can
be coupled to antibodies using, €.g., an N-succinimidyl 3-(2-pyridyldithio)proprionate (also
known as N-succinimidyl 4-(2-pyridyldithio)pentanoate or SPP), 4-succinimidyl-oxycarbonyl-a-
(2-pyridyldithio)-toluene (SMPT), N-succinimidyl-3-(2-pyridyldithio)butyrate (SDPB),
2-iminothiolane, or S-acetylsuccinic anhydride.

[0080] The antibodies described herein can be administered to a subject in single or
multiple doses to treat or prevent a prostatic or cancerous disorder, e.g., a prostatic or cancerous
disorder described herein. In one embodiment, the methods of the invention include
administering to the subject two or more doses of an antibody molecule described herein coupled
to lutetium (*""Lu), wherein each dose is about 40 to 65%, preferably about 40% to 60%, 45% to
55% of the maximum tolerated dose (MTD) of the antibody molecule coupled to lutetinam
(177Lu). The antibody coupled to 1771 31 can be given in two, three, four, five, six, seven, eight,
nine or ten doses, €.g., over a period of a dose once every week, two weeks, three weeks, four
weeks, five weeks, six weeks, seven weeks, eight weeks, or more. In a preferred embodiment,
the subject is administered up to three, four orfive doses, e.g., with a dose administered once
every four to eight weeks. Each dose can be at about the same amount as the ottier doses or one
or more doses can differ from each other so long as no dose given is greater than 65% of the
MTD of the antibody molecule coupled to '"’Lu. In one embodiment, the method of treating or
preventing a prostatic or cancerous disorder includes administering to the subject two or more
doses of a deimmunized J591, e.g., a deimmunized J591 as described herein, coupled to 77,
wherein each dose is administered at less than 60 mCi/m?. Preferably, each dose of the

deimmunized J591 antibody molecule coupled to 177141 is administered at less than 45 mCi/m?,
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e.g., 30 mCi/m? , 15 mCi/m” or less. In another embodiment, the methods of the invention
include administering to the subject two or more doses of an antibody molecule described herein
coupled to a maytansinoid (e.g., DM1). The antibody coupled to DM1 can be given in two to
twenty-four doses (e.g., two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,
fourteen, fifteen, sixteen, seventeen, eighteen, nineteen or twenty doses), e.g., over a period
where a dose is given once every week, two weeks, three weeks, four weeks, five weeks, six
weeks, seven weeks, eight weeks, or more. In other embodiments, the antibody coupled to DM1
can be given more than twenty-four times, e.g., 25-500 times, 25-400 times, 25-300 times, 25-
200 times, 25-100 times, 25-75 times, 25-50 times. In a preferred embodiment, the subject is
administered up to six, eight, ten, twelve doses, e.g., with a dose administered once every one to
four weeks. Bach dose can be at about the same amount as the other doses or one or more doses
can differ from each other. In one embodiment, the method of treating or preventing a prostatic
or cancerous disorder includes administering to the subject two or more doses of a deimmunized
J591, e.g., a deimmunized J591 as described herein, coupled to DM1, wherein each dose is
administered at about 15 to 500 mg/m®. Preferably, each dose of the deimmunized J591
antibody molecule coupled to DM1 is administered at about 18 mg/m’ to 400 mg/m’ every one,
two or four weeks. The dose of an anti-PSMA antibody coupled to DM1 can be adjusted
depending on the amount to time that occurs between doses. For example, the anti-PSMA
antibody is administered every week or every two weeks, a lower dose may be chosen as
compared to if the anti-PSMA antibody is administered every four to eight weeks. In some
embodiments, if an anti-PSMA antibody is administered every one or two weeks, each dose can
be, e.g., under 400 mg/mz. If the anti-PSMA antibody is administered every four to eight
weeks, each dose can be, e.g., greater than 300 mg/m’. 4
[0081] When multiple doses are administered, the methods can further include evaluating
the subject after one or more of the doses for hematologic toxicity and/or non-hematologic
toxicity. Hematologic toxicity can be evaluated by analyzing the subject for myelosuppression
such as thrombocytopenia, granulocytopenia or both. The presence of non-hematologic toxicity
can be determined by analyzing the subject for the presence and severity of one or more of:
fatigue, anorexia, fever, rigors, nausea, vomiting, diarrhea, constipation, ALT levels and AS'T
levels. The methods can further include making a determination of whether an additional dose or

doses of the antibody, e.g., coupled to 17"y or DM 1, will be administered to the subject. Such a
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determination can be based upon the determined level of hematologic toxicity (e.g.,
myelosuppression) and/or non-hematologic toxicity in the subject after administration of one or
more of the multiple doses of the antibody molecule, e.g., coupled to 171 3y or DML1. For
example, the decision to administer an additional dose or doses of the antibody can be based
upon a finding that the hematologic toxicity is less than grade 4 thrombocytopenia and/or less
than grade 4 granulqcytopenia (e.g., neutropenia) for at least 5, 6, 7, 8, 10 or more days. In
addition, based upon the evaluation of hemafolo gic toxicity and/or non-hematologic toxicity, the
amount of a subseQuent dose or doses can be adjusted according to the subject’s hematologic
and/or non-hematologic response to the previous dose or doses. For example, a decision can be
made to administer a subsequent dose or doses at about 30 to 60% of the MTD of the antibody
molecule, e.g., coupled to 7L u or DM1, or a decision can be made to administer the subsequent
dose or doses in an amount less than 40%, 35%, 30%, 25%, 20%, 15% of the MTD. In some
embodiments, a decision can be made to administer a subsequent dose at about 30% to 60%
(e.g., 40%) greater than the previous dose. In other embodiments, a decision can be made to
administer a subsequent dose at about 30 to 60% (e.g., 40%) less than the previous dose or a
decision can be made not to administer a subsequent dose. The evaluation of hematologic
toxicity and/or non-hematologic toxicity can also be used to determine whether a therapeutic
modality that enhances blood cell counts should be administered to the subject. For example, a
therapeutic modality that enhances blood counts can be administered prior to, in conjunction
with, or after a subsequent dose (or doses) of the antibody is administered to the subject.
Examples of therapeutic modalities that enhance blood counts include: platelet transfusion,
administration of a growth factor (e.g., thrombopoietin, epoietin a, erythropoietin, G-CSF, GM-
CSF, and interleukins (e.g., IL-11)) and bone marrow transplantation.

[0082] Methods of the invention for treating or prei'enting a prostatic or cancerous
disorder by administering multiple doses of an antibody molecule described herein, e.g., an
antibody molecule described herein coupled to 7T u or DM1, can include a step of selecting a
subject which is less likely to exhibit hematologic toxicity after one or more doses of the
antibody molecule. For example, blood counts (e.g., platelet and/or granulocyte levels) of the
prior to treatment can be used to select subjects less likely to exhibit hematologic toxicity after
one or more doses. Subjects having normal blood counts or subjects having low blood counts

but treated with a therapeutic modality which enhances blood counts prior to administration of
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the antibody molecule can be selected. Normal levels of platelet and granulocytes (e.g.,
neutrophils, eosinophils and basophils) are known. For example, nor-mal platelet counts are
normally about 140,000/ pL to 440,000/ pL. Platelet counts below thaese levels, e.g., platelet
counts below 100,000/ uL, 50,000/uL or less are consider low, while platelet counts below
10,000/ pL indicates severe thrombocytopenia. Neutrophils are nomaily present at about 2,500
cell/mm? to 6000 cells/mm?®.  Neutrophil levels below these levels, ©.g., neutrophil counts below
these levels, e.g., below 2,000 cells/mm?, 1,500 cells/mm?, 1,000 celLs/mm?” or less, are
considered low. Examples of therapeutic modalities which enhance blood counts are described
herein.

[0083] In yet another embodiment, the antibody molecules of " the invention (e.g., the
modified antibody molecules described herein) can be coupled to T _u and administered in
multiple doses to a subject such that cumulative radiation in the subjesct is less than 315 mCi, 270
mCi, 225 mCi over a period of about 1 year, 9 months, 8 months, 7 maonths, 6 months or less, to
thereby treat or prevent a prostatic or cancerous disorder. Preferably., multiple doses of the
antibody coupled to 177 Lu is administered such that cumulative radi ation is 210 mCi, 180 mCj,
150 mCi or less over a period of less than 8 months, 7 months, 6 momths, 5 months, 4 months or
3 months.

[0084] The methods and compositions of the invention can bes used in combination with
other therapeutic modalities. In one embodiment, the methods of the invention include
administering to the subject a modified anti-PSMA antibody or fragnmaent thereof, e.g., a modified
anti-PSMA antibody or fragment thereof as described herein, in combination with a cytotoxic
agent, in an amount effective to treat or prevent said disorder. The aratibody and the cytotoxic
agent can be administered simultaneously or sequentially. In other ermbodiments, the methods
and compositions of the invention are used in combination with surgi cal and/or radiation
procedures. In yet other embodiments, the methods can be used in combination with
immunomodulatory agents, e.g., IL-1, 2, 4, 6, or 12, or interferon alpha or gamma, or immune
cell growth factors such as GCSF and/or GM-CSF. The anti-PSMA antibodies can also be
administered with other agents given to reduce the side effects of cancer treatment including,
e.g., one or more of a treatment which stimulates the production of red cells (e.g., erythropoietin

(EPO)), an treatment which promoters bone formation or structure (e- g., biphosphonates (e.g.,

47



WO 2005/094882 PCT/US2004/006543

pamideonate disodium and/or.zoledronate)), and a treatment for other side effects (e.g.,
acetaminophen and diphenyldramine hydrochloride).

[0085] Exemplary cytotoxic agents that can be administered in combination with the
anti-PSMA antibodies (naked or conjugated) include antimicrotubule agents, topoisomerase
inhibitors, antimetabolites, mitotic inhibitors, alkylating agents, intercalating agents, agents
capable of interfering with a signal transduction pathway, agents that promote apoptosis and
radiation. In one embodiment, the cytotoxic agent that can be administered with an anti-PSMA
antibody described herein is taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine,
mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone,
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin, maytansinoids, €.g.,
maytansinol (see US Patent No. 5,208,020), CC-1065 (see US Patent Nos. 5,475,092, 5,585,499,
5,846,545) and/or analogs or homologs thereof.

[0086] In therapies of prostatic disorders, e.g., prostate cancer, the anti-PSMA antibodies
can be used in combination with existing therapeutic modalities, e.g., prostatectomy (partial or
radical), radiation therapy, hormonal therapy, androgen ablation therapy, and cytotoxic
chemotherapy. Typically, hormonal therapy works to reduce the levels of androgens in a patient,
and can involve administering a leuteinizing hormone-releasing hormone (LHRH) analog or
agonist (e.g., Lupron, Zoladex, leuprolide, buserelin, or goserelin), as well as antagonists (e.g.,
Abarelix). Non-steroidal anti-androgens, e.g., flutamide, bicalutimade, or nilutamide, can also
be used in hormonal therapy, as well as steroidal anti-androgens (e.g., cyproterone acetate or
megastrol acetate), estrogens (e.g., diethylstilbestrol), surgical castration, PROSCAR™,
secondary or tertiary hormonal manipulations (e.g., involving corticosteroids (e.g.,
hydrocortisone, prednisone, or dexamethasone), ketoconazole, and/or aminogluthethimide),
inhibitors of 5a-reductase (e.g., finisteride), herbal preparations (e.g., PC-SPES),
hypophysectomy, and adrenalectomy. Furthermore, hormonal therapy can be performed
intermittently or using combinations of any of the above treatments, e.g., combined use of
leuprolide and flutamide. The anti-PSMA antibodies described herein can be used in
combination with another antibody, e.g., another antibody that binds to PSMA or an antigen
other than PSMA, e.g., another antigen expressed on prostate cancer cells. One or both of the

anti-PSMA antibody can be conjugated or unconjlugated. ‘When both are conjugated, they can be
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conjugated with the same or different therapeutic agents or labels. In one emxbodiment, the anti-
PSMA antibody can be administered with at least one or more additional antibodies.

[0087] Any combination and sequence of anti-PSMA antibodies (e.g-, a modified anti-
PSMA antibody or fragment thereof described herein) and other therapeutic anodalities can be
used. The anti-PSMA antibody and other therapeutic modalities can be administered during
periods of active disorder, or during a period of remission or less active disease. The anti-PSMA
and other therapeutic modalities can be administered before treatment, concuexrently with
treatment, posttreatment, or during remission of the disorder.

[0088] In another aspect, the invention features, a method of monitoring a patient
receiving an anti-PSMA antibody, e.g., an anti-PSMA antibody described hexein, e.g., to treat
prostate cancer. The method includes: monitoring one or more of the following parameters:
efficacy; and a side effect or unwanted effect, e.g., any of: thrombocytopenia., e.g., Grade 4
thrombocytopenia (platelet count <10,000/mm3); requirement for platelet tramsfusion and/or
other methods to increase platelet count; neutropenia, e.g., febrile neutropeni a (ANC <1000/mm’
concurrent with a temperature >38.5°C), Grade 4 neutropenia without fever of >7 days duration,
or Grade 3 neutropenia requiring granulocyte colony-stimulating factor (G-C SF) administration;
anemia, e.g., Grade 4 anemia (hemoglobin <6.5 g/dL) or Grade 3 anemia (hexnoglobin 6.5 - <8.0
g/dL) in a subject receiving EpogenONon-hematologic, and optiohally, selecting a course of
therapy, based on a value determined for one of the above recited parameters . In a preferred
embodiment the method includes determining if a measured value for one of the parameters has
a predetermined relationship, e.g., is less than, more than, or equal to, a preselected value for one
of the parameters, and using that information to select a course of therapy, e.s., to begin,
continue, or end treatment, or to maintain, decrease, or increase the dosage level and/or
frequency of administration.

[0089] In another aspect, the invention features, a method of selecting a patient for
treatment with an anti-PSMA antibody, e.g., an anti-PSMA antibody disclosed herein. The
method includes: monitoring one or more of the following parameters: preserace of metastatic
androgen-independent prostate cancer; presence of metastatic disease in a bome scan, CT/MR], or
chest-x-ray; changes in the size of lymph nodes or parenchymal masses, e.g., on physical
examination or X-ray); progressive bone metastasis (e.g., presence of new lesion(s) on a bone

scan); an increase in PSA, e.g., as determined by two separate measurements taken at e.g., least
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one week apart and optionally confirmed by a third; PSA level of a selected threshold level, e. g.,
5 ng/mL; an increase in disease related symptoms‘; istolo gic diagnosis (recent or remote’) of
prostate adenocarcinoma; imaging studies and/or rising PSA; presence treatment an suc cess
thereof, e.g., previous hormonal therapy (including anti-androgen withdrawal therapy),

and optionally, selecting a patient for treatment, based on a value determined for one of” the
above-recited ‘p‘aram}eters. In a preferred embodiment, the method includes determinings if a
measured value for one of the parameters has a predetermined relationship, €.g., is less €han,
more than, or equél to, a preselected value for one of the parameters, and using that infermation
to determine selection of a patient.

[0090] In another aspect, the invention features methods for detecting the presence ofa PSMA
protein in a sample in vitro (e.g., a biological sample, e.g., serum, semen or urine, or a tassue
biopsy, e.g., from a prostatic or cancerous lesion). The subject method can be used to evaluate,
e.g., diagnose or stage a disorder described herein, e.g., a prostatic or cancerous disordex. The
method includes: (i) contacting the sample (and optionally, a reference, €.g., a control saample)
with an anti-PSMA antibody, or fragment thereof, e.g., a modified anti-PSMA antibody or
fragment thereof as described herein, under conditions that allow interaction of the anti-PSMA
antibody and the PSMA protein to occur; and (ii) detecting formation of a complex between the
anti-PSMA antibody, and the sample (and optionally, the reference, e.g., control, sample).
Formation of the complex is indicative of the presence of PSMA protein, and can indicate the
suitability or need for a treatment described herein. For example, a statistically significant
change in the formation of the complex in the sample relative to the reference sample, ¢.g., the
control sample, is indicative of the presence of PSMA in the sample. In some embodim ents, the
methods can include the use of more than one anti-PSMA antibody, e.g., two anti-PSM.A
antibodies that bind to different epitopes on PSMA. For example, the method can invol-ve an
ELISA assay, €.g., as described in Example 21. In some embodiments, the method can be used
to select a subject for administration of a composition as described herein, e.g., a compossition
comprising an anti-PSMA antibody (or fragment thereof) coupled to a therapeutic agent, to treat
the subject. For example, if the presence of PSMA is detected in a sample derived from a
subject, that subject can then be selected for administration of a modified anti-PSMA anxtibody,

e.g., an antibody described herein.
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[0091] In yet another aspect, the invention provides a method for detecting the presen.ce of
PSMA in vivo (e.g., in vivo imaging in a subject). The method can be used to evaluate, e.g.,
diagnose or stage a disorder described herein, e.g., a prostatic or a cancerous disorder, ina
subject, e.g., a mammal, e.g., a primate, €.g., ahuman. The method includes: (i) admi nistering to
a subject an anti-PSMA antibody or antigen binding fragment thereof (e.g., modified anti-
PSMA antibody or fragment thereof described herein), under conditions that allow interaction of
the anti-PSMA antibody (or fragment thereof) and the PSMA protein to occur; and (i) detecting
formation of a complex between the antibody or fragment and PSMA. A statistically significant
change in the formation of the complex in the subject relative to the reference, e.g., the control
subject or subject’s baseline, is indicative of the presence of the PSMA. In some emb odiments,
the method can be used to select a subject for administration of a composition as descxribed
herein, e.g., a composition comprising an anti-PSMA antibody (or fragment thereof), e.g., an
‘anti-PSMA antibody described herein, coupled to a therapeutic agent, to treat the subj ect. For
example, if the presence of PSMA is detected in a sample derived from a subject, that subject
can then be selected for administration of an anti-PSMA antibody (e.g., a modified anti-PSMA
antibody described herein). 4
[0092] In other embodiments, a method of diagnosing or staging a disorder as described herein
(e.g., a prostatic or cancerous disorder) is ﬁrovided. The method includes: (i) identifying a
subject having, or at risk of having, the disorder; (ii) obtaining a sample of a tissue or <ell
affected with the disorder; (iii) contacting said sample or a control sample with an anti-PSMA
antibody as described herein, e.g., a modified anti-PSMA antibody or fragment, under- conditions
that allow interaction of the binding agent and the PSMA protein to occur, and (iv) detecting
formation of a complex. A statistically significant increase in the formation of the cormplex
between the antibody (or fragment thereof) with respect to a reference sample, e.g., a control
sample, is indicative of the disorder or the stage of the disorder. In some embodiments, the
method can be used to select a subject for administration of a composition as described herein,
e.g., a composition comprising an anti-PSMA antibody (or fragment thereof) described herein, to
treat the subject. For example, if the presence of PSMA is detected in a sample deriveed from a
subject, that subject can then be selected for administration of a modified anti-PSMA antibody.
[0093] Preferably, the anti-PSMA antibody or fragment thereof, used in the in vivo and in vitro

diagnostic methods is directly or indirectly labeled with a detectable substance to facilitate
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detection of the bound or unbound binding agent. Suitable detectable substances include vari ous
biologically active enzymes, prosthetic groups, fluorescent materials, luminescent materials,
paramagnetic (e.g., nuclear magnetic resonance active) materials, and radioactive materials, In
some embodiments, the anti-PSMA antibody or fragment thereof is coupled to a radioactive i on,
e.g., indium (*''In), iodine (**'I or 1), yttrium (*°Y), lutetium ('"’Lu), actinium (**Ac), bismauth
(*?Bi or 2°*Bi), sulfur (**S), carbon (*C), tritium (*H), rhodium (***Rh), technetium (*mTc),
praseodymium, or phosphorous C*p).

In another aspect, the invention provides a method for determining the dose, e.g., radiation dose,
that different tissues are exposed to when a subject, e.g., a human subject, is administered an
anti-PSMA antibody that is conjugated to a radioactive isotope. The method includes: (i)
administering an anti-PSMA antibody as described herein, e.g., a modified anti-PSMA antibo dy,
that is labeled with a radioactive isotope, e.g., \'In, to a subject; (ii) measuring the amount of
radioactive isotope located in different tissues, e.g., prostate, liver, kidney, or blood, at various
time points until most, e.g., 50%, 80%, 90%, 95%, or more, of the radioactive isotope has beem
eliminated from the body of the subject; and (iii) calculating the total dose of radiation received
by each tissue analyzed. In some embodiments, the measurements are taken at scheduled time
points, e.g.,day 1, 2, 3, 5, 7, and 12 or day 2, 4, 6 and 14, following administration (at day 0) ©f
the radioactively labeled anti-PSMA antibody to the subject. In some embodiments, the
radiation dose that a tissue receives for one radioactive isotope, e.g., 2 gamma-emitter, e.g., ' *In,
can be used to calculate the expected dose that the same tissue would receive from a different
radioactive isotope, e.g., a beta-emitter, e.g., QOY.

[0094] In another aspect, the invention features methods of treating pain, e.g., reducing pain,

. experienced by a subject having or diagnosed with prostate disease, e.g., benign prostatic
hyperplasia or prostate cancer, or non-prostate cancer, e.g., a cancer having vasculature which
expresses PSMA (e.g., renal, urothelial (e.g., bladder), testicular, colon, rectal, lung (e.g., non—
small cell lung carcinoma), breast, liver, neural (e.g., neuroendocrine), glial (e.g., glioblastoma),
or pancreatic (e.g., pancreatic duct) cancer, melanoma (e.g., malignant melanoma), or soft tissue
sarcoma). The methods include administering an anti-PSMA antibody as described herein, e.g.,
amodified anti-PSMA antibody, to a subject in an amount sufficient to treat, e.g., reduce, the
pain associated with prostate disease or non-prostate cancer. In some embodiments, the subject

may have no signs of prostate disease or non-prostate cancer other than, e.g., elevated levels of
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serum PSA and the sensation of pain. The pain can be bone pain, as well as, pain associated with
obstructive voiding symptoms due to enlarged prostate, e.g., urinary hesitancy or diminished
urinary stream, frequency or nocturia. The treatment of pain using the modified anti~-PSMA
antibodies of the invention can lead to a decreased or dramatically lowered need, or even
eliminate the need, for analgesics, e.g., narcotics. In addition, by reducing pain, the amethods of
treatment can restore the mobility of, e.g., limbs, that have become dysfunctional as & result of
pain associated with movement.

[0095] In some embodiments, the modified anti-PSMA antibody is administered in an
unconjugated form in an amount sufficient to treat, e.g., reduce, pain associated with prostate
disease or non-prostate cancer. In other embodiments, the modified anti-PSMA antibody, or
antigen-binding fragment thereof, is administered in a derivatized form, e.g., linked to another
functional molecule, as described herein.

[0096] The method of treating pain experienced by a subject having or diagnosed with benign
prostatic hyperplasia or prostate cancer, or non-prostate cancer, can include, for exanple,
administering two or more doses of an antibody or antigen binding fragment thereof as described
herein coupled to lutetium ("""Lu). Each dose can be about 40 to 65% of the maximvam tolerated
dose (MTD) of the antibody molecule coupled to lutetium (‘"'Lu). Methods of administering
multiple doses of the antibody molecules of the invention coupled to '”’Lu and methods of
evaluating multiple dose regimens are described herein.

[0097] Other features and advantages of the instant invention will become more apparent from

the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0098] Figures 14-1B depict the amino acid seQuence of murine J591 heavy and light chain
variable region, respectively. The location of the CDRs is indicated in the Figures; thhe amino
acid numbering is according the Kabat numbering (see, Kabat, E.A., et al. (1991) Segzuences of
Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and Huaman
Services, NIH Publication No. 91-3242). Note that the CDRs are considered to encormpass the
Chothia loops and the Kabat hypervariable regions together and the sequences have b een
annotated accordingly. Heavy Chain: CDR1 is depicted in SEQ ID NO:1; CDR2 is d epicted in
SEQ ID NO:2; CDR3 is depicted in SEQ ID NO:3; the framework excluding CDR re gions is
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depicted in SEQ ID NO:7; and the framework including CDR regions is depicted in SEQ ID
NO:19. Light Chain: CDR1 is depicted in SEQ ID NO:4; CDR2 is depicted in SEQ ID NO:5;
CDR3 is depicted in SEQ ID NO:6; the framework excluding CDR regions is depicted in SEQ
ID NO:8; and the framework including CDR regions is depicted in SEQ ID NO:20.-

[0099] Figures 2A-2B depict the amino acid sequence of the deimmunized J591 heavy and light
chain variable region, respectively. The location of the CDRs is indicated in the Figures; the
amino acid numbering is according the Kabat numbering (see, Kabat, E.A., ef al. (1991) supra).
Note that the CDRs are considered to encompass the Chothia loops and the Kabat hypervariable
regions together and the sequences have been annotated accordingly. Heavy Chain: CDR1 is
depicted in SEQ ID NO:1; CDR2 is depicted in SEQ ID NO:2; CDR3 is depicted in SEQ ID
NO:3; framework 1 is depicted in SEQ ID NO:9; framework 2 is depicted in SEQ ID NO:10;
framework 3 is depicted in SEQ ID NO:11; framework 4 is depicted in SEQ ID NO:12; the
framework excluding CDR regions is depicted in SEQ ID NO:17; and the framework including
CDR regions is depicted in SEQ ID NO:21. Light Chain: CDR1 is depicted in SEQ ID NO:4;
CDR2 is depicted in SEQ ID NO:5; CDR3 is depicted in SEQ ID NO:6; framework 1 is depicted
in SEQ ID NO:13; framework 2 is depicted in SEQ ID Nb:l4; framework 3 is depicted in SEQ
ID NO:15; framework 4 is depicted in SEQ ID NO:16; the framework excluding CDR regions is
depicted in SEQ ID NO:18; and the framework including CDR regions is depicted in SEQ ID
NO:22. |

[00100] Figures 34-3B depict an alignment of the murine J591 and deimmunized heavy
chain variable regions (3A; SEQ ID NO:19 and 21, respectively) and light chain variable regions
(3B; SEQ ID NO:20 and 22, respectively). Potential T cell epitopes (identified using a peptide
threading program) in murine J591 VH and VK are shown in Figures 3A-3B, respectively. The
13-mer peptides predicted to bind to MHC class II are indicated by the underline; the CDRs are
located at residues 26 to 35, 50 to 66, and 99-104 of Figure 3A and residues 24 to 34, 50 to 56,
and 89 to 97 of Figure 3B; and residues altered in the deimmunized heavy and light chain
variable regions are boxed. Where possible, amino acid substitutions are those commonly used
in human germline VH regions. The amino acid numbering is linear, not according to Kabat.
[00101] Figures 44-4B depict the nucleotide sequences of the deimmunized 591 heavy
and light chain variable region, respectively. Figure 4A shows an alignment of the coding and

noncoding nucleotide strands of deimmunized J591 heavy chain variable region (SEQ ID
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NOs:23 and 24, respectively) with the corresponding amino acid sequence (SEQ 1D NO:27).
Figure 4B shows an alignment of the coding and noncoding nucleotide strands of deimmunized
7591 light chain variable region (SEQ ID NOs:25 and 26, respectively) with the corresponding
amino acid sequence (SEQ ID NO:28). The location of the signal peptide and CDRs 1-3 is
indicated in each alignment.

[00102] Figure 5 depicts an alignment of the amino acid sequences for the murine and
several deimmunized heavy chain variable fegions of the J415 antibody. The murine amino acid
sequence is shown as J415VH (SEQ ID NO:47); the deimmunized sequences are depicted as
J415DIVH! (amino acid residues 18 to 133 of SEQ ID NO:54), J415DIVH2 (SEQ ID NO:59),
J415DIVH3 (SEQ ID NO:60), and J415DIVH4 (SEQ ID NO:49). The preferred sequence is
J415DIVH4 (SEQ ID NO:49). The amino acid replacements are indicated by the boxed
residues. A consensus sequence is labeled "majority” (SEQ ID NO:61).

[00103] Figure 6 depicts an alignment of the amino acid sequences for the murine and
several deimmunized light chain variable regions of the J415 antibody. The murine amino acid
sequence is shown as J415VK (SEQ ID NO:48); the deimmunized sequences are depicted as
J415DIVK1 (amino acid residues 18 to 124 of SEQ ID NO:57), J415DIVK2 (SEQ ID NO:62),
J415DIVK3 (SEQ ID NO:63), J415DIVK4 (SEQ ID NO:64), J415DIVKS (SEQ ID NO:50),
J415DIVKS6 (SEQ ID NO:65), J415DIVK?7 (SEQ ID NO:66), and J415DIVKS (SEQ ID NO:67).
The preferred sequence is J415DIVKS (SEQ ID NO:50). The amino acid replacements are
indicated by the boxed residues. A consensus sequence is labeled "majority” (SEQ ID NO:68).
[00104] Figure 74 depicts the nucleic acid coding sequence, the amino acid sequence, and
the nucleic acid reverse complement sequence of the deimmunized J415 heavy chain variable
region (J415DIVHI) (SEQ ID NO:53-55, respectively). The relative location of the signal
séquence, intron and J415DIVH1 amino acid sequence is indicated, as well as some festriction
sites.

[00105] Figure 7B depicts the nucleic acid coding sequence, the amino acid sequence, and
the nucleic acid reverse complement sequence of the murine J415 heavy chain variable region
(SEQ ID NO:125, 47, and 126, respectively). The relative locations of the CDRs and some
restriction sites are indicated.

[00106] Figure 7C depicts an alignment of the amino acid sequence of the murine J415
heavy chain variable region (SEQ ID NO:47) and a consensus sequence for Kabat subgroup
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murine VHITIC (MUVHIIL, SEQ ID NO:69). A consensus majority sequence based on the
alignment is also shown (SEQ ID NO:70).

[00107] -  Figure 84 depicts the nucleic acid coding sequence, the amino acid sequence, and
the nucleic acid reverse complement sequence of the deimmunized J415 light chain variable
regioﬁ (J7415DIVK1) (SEQ ID NO:56-58, respectively). The relative location of the signal
sequence, intron and J415DIVK1 amino acid sequence is indicated, as well as some restriction
sites.

[00108] Figure 8B depicts the nucleic acid coding sequence, the amino acid sequence, and
the nucleic acid reverse complement sequence of the murine J415 light chain variable region
(SEQ ID NOs:127, 48, and 128, respectively). The relative locations of the CDRs and some
restriction sites are also indicated.

[00109] Figure 8C depicts an alignment of the amino acid sequence of the murine J415
light chain variable region (SEQ ID NO:48) and a consensus sequence for Kabat subgroup
murine variable light chain (MuVKI, SEQ ID NO:71). A consensus majority sequence based on
the alignment is also shown (SEQ ID NO:72).

[00110] Figure 94 depicts the nucleic acid coding sequence, the amino acid sequence, and
the nucleic acid reverse complement sequence of the murine J533 heavy chain variable region
(SEQ ID NO:73-75, respectively). The relative locations of the CDRs and restriction sites are
indicated.

[00111] 'Figure 9B depicts an alignment of the amino acid sequence of the murine J533
heavy chain variable region (SEQ ID NO:74) and a consensus sequence for Kabat subgroup
murine variable heavy chain (MuVHIIA, SEQ ID NO:79). A consensus majority sequence
based upon the alignment is also shown (SEQ ID NO:80).

[00112] Figure 104 depicts the nucleic acid coding sequence, the amino acid sequence,
and the nucleic acid reverse complement sequence of the murine J533 light chain variable region
(SEQ ID NO:76-78, respectively). The relative locations of the CDRs and some restriction sites
are indicated. ’

[00113] Figure 10B depicts an alignment of the amino acid sequence of the murine J533
light chain variable region (SEQ ID NO:77) and a consensus sequence for Kabat subgroup
murine MuVKIIL, SEQ ID NO:81). A consensus majority sequence based upon the alignment is
also shown (SEQ ID NO:82).
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[00114] Figure 114 depicts the nucleic acid coding sequence, the amino acid sequence,
and the nucleic acid reverse complement sequence of the murine E99 heavy chain variable
region (SEQ ID NO:83-85, respectively). The relative locations of the CDRs and some
restriction sites are indicated.

[00115] Figure 11B depicts an alignment of the amino acid sequénce of the murine E99
heavy chain variable region (SEQ ID NO:84) and a consensus sequence for Kabat subgroup
murine variable heavy chain (MuVHIB, SEQ ID NO:89). A consensus majority sequence based
upon the alignment is also shown (SEQ ID NO:90).

[00116] Figure 124 depicts the nucleic acid coding sequence, the amino acid sequencé,
and the nucleic acid reverse complement sequence of the murine E99 light chain variable region
(SEQ ID NO:86-88, respectively). The relative locations of the CDRs and some restriction sites
are indicated.

[00117] Figure 12B depicts an alignment of the amino acid sequence of the murine E99
light chain variable region (SEQ ID NO:87) and a consensus sequence for Kabat subgroup
murine variable light chain (MuVKI, SEQ ID NO:91). A consensus majority sequence based
upon the alignment is also shown (SEQ ID NO:92).

[00118] Figures 134 and B depict serum PSA levels as a function of time for two patients
that were treated with a single dose of **Y-DOTA-deJ591. Day 0 corresponds to the day on
which the °Y-DOTA-deJ591 was administered.

[00119] Figure 14 depicts the serum PSA levels as a function of time for a patient that was
treated with a single dose of 71 n-DOTA-deJ591. Day 0 corresponds to the day on which the
1771 ,-DOTA-deJ591 was administered.

[00120] Figure 15 depicts the chemical structures of DM1 and maytansine, a related
rﬁolecule that lacks the thiol reactive group of DM1 used to conjugate DM1 to antibodies.
[00121] Figure 164 and B depict CWR22 xenograft growth in C.B-17 Scid Mice. 16A.
depicts mean tumor volume (mm?®) after the administration every day for five cycles of
unconjugated DM1 or deJ591-DMI at a dose of 240 ug/kg DML1 equivalents (eq.), or deJ591-
DML at a dose of 120 pg/kg DM1 eq. A control vehicle was also administered. 16B depicts
depicts mean tumor volume (mm”) after the administration every three days for five cycles of

unconjugated DM1, or deJ591-DM1 at a dose of 240 ug/kg DM1 eq., or deJ591-DMI at a dose
of 120 pg/kg DM eq.
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[00122] Figure 17 depicts the effect of deJ591-DM1 on serum PSA concentrations and
mean tumor volume (mm?®) in Scid mice with PSMA-Positive CWR22 xenografts. DeJ591-DM1
was administered every three days for five cycles of 240 ug/kg DM1-equivalents. The first
course began on day 0, and the second course began on day 52. Bars show serum PSA
concentrations; the arrow shows the start of the second course.

[00123] Figure 18 depicts CWR22 xenograft growth in C.B-17 Scid mice receiving de-
7591-DM1 at a dosage of 12.93 mg/kg deJ591-DM1 (240 pg/kg DM1-equivalents) at different
dosing schedules of 7, 14, 21, or 28 days for five cycles. »

[00124] Figure 19 is a graph of MALDI-TOF MS data for naked deJ591 and conjugated
deJ591 samples for 2+ charge state peaks. The data was baseline corrected and processed using
noise-filter smooth (factor 0.9); (a) naked deJ591 (left trace), (b) conjugation of DOTA-deJ591
batch 108A (center trace), mass difference from naked deJ591 shows 4.8 DOTA for each
deJ591, (c) conjugation of DOTA-deJ591 batch 110A (right trace). The mass difference from
naked deJ591 shows 8.7 DOTA for each deJ591.

[00125] Figure 204 illustrates real time kinetics of DOTA-NHS ( Lot B280A) hydrolysis
in water.

[00126] Figure 20B is a plot of concentration of DOTA-NHS vs. time, indicating the rate
of hyydrolysis in water.

[00127] Figure 21 is a graph of a MALDI MS spectra of naked deJ591 and two batches of

conjugations of DOTA-J591 after controlling the input ratio of DOTA-NHS to deJ591 at 20:1.
(2) naked deJ591 (Red Trace); (b) conjugation batch 102802a, 5.7 DOTA for each deJ591
(Green Trace); (c) conjugation batch 102802b, 6.0 DOTA for each deJ591 (Blue trace).

[00128] Figure 22 is a series of line graphs showing the level of DOTA conjugation ratios;
top trace shows naked deJ591, middle trace shows Gaussian deconvolution for DOTA
conjugated deJ591, bottom trace displays péak fitting for middle trace.

[00129] Figure 23 is a line graph of a comparison of naked deJ591 control peak with
overlay of DOTA conjugated deJ591, displaying Gaussian deconvoluted peaks indicating levels
of DOTA incorporation.

[00130] Figure 24 depicts the amino acid sequence of the light chain variable and constant
region of deJ591 (SEQ ID NO:130), and the nucleic acid sequence enéoding the light chain
variable and constant regions of deJ591 (SEQ ID NO:129). The light chain constant region of
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deJ591 spans from amino acid residue 127 to 233 (SEQ ID NO:134) and is encoded by
nucleotides 529 to 862 (SEQ ID NO:133).

[00131] Figure 25 depicts the amino acid sequence of the heavy chain variable and
constant region of deJ591 (SEQ ID NO:132), and the nucleic acid sequence encoding the heavy
chain variable and constant regions of deJ591 (SEQ ID NO:131). The heavy chain constant
region of deJ591 spans from amino acid residue 135 to 464 (SEQ ID NO:136) and is encoded by
nucleotides 553 to 1578 (SEQ ID NO:135). The CH1 region spans from amino acid 135 to 232
(SEQ ID NO:138) (nucleotides 553 to 846 (SEQ ID NO:137)); the hinge region spans from
amino acid 233 to 247 (SEQ ID NOf 140) (nucleotides 847 to 891(SEQ ID NO:139)); the CH2
region spans from amino acid 248 to 408 (SEQ ID NO:142) (nucleotides 892 to 1374 (SEQID
NO:141)); and the CH3 region spans from amino acids 409 to 464 (SEQ ID NO:144)
(nucleotides 1375 to 1578 (SEQ ID NO:143)).

DETAILED DESCRIPTION OF THE INVENTION
[00132] This invention provides, inter alia, antibodies, e.g., modified antibodies, or
antigen-binding fragments thereof, to the extracellular domain of human prostate specific
membrane antigen (PSMA). The modified anti-PSMA antibodies, or antigen-binding fragments
thereof, have been rendered less immunogenic compared to their unmodified counterparts to a
given species, e.g., a human. Human PSMA is expressed on the surface of normal, benign
hyperplastic epithelial cells (e.g., benign prostate secretory-acinar epithelium), and cancerous
prostate epithelial cells (e.g., prostatic intraepithelial neoplasia and prostatic adenocarcinoma), as
well as vascular endothelial cells proximate to cancerous cells, e.g., renal, urothelial (e.g.,
bladder), testicular, colon, rectal, lung (e.g., non-small cell lung carcinoma), breast, liver, neural
(e.g., neuroendocrine), glial (e.g., glioblastoma), pancreatic (e.g., pancreatic duct), melanoma
(e.g., malignant melanoma), or soft tissue sarcoma cancerous cells. The antibodies, e.g., the
modified antibodies, of the invention bind to the cell surface of cells that express PSMA. PSMA
is normally recycled from the cell membrane into the cell. Thus, the antibodies of the invention
are internalized with PSMA through the process of PSMA recirculation, thereby permitting
delivery of an agent conjugated to the antibody, e.g., a labeling agent, a cytotoxic agent, or a
viral particle (e.g., a viral particle containing genes that encode cytotoxic agents, ¢.g., apoptosis-

promoting factors).
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[00133] In order that the present invention may be more readily understood, certain terms
are first defined. Additional definitions are set forth throughout the detailed description.

[00134] As used herein, "PSMA" or "prostate-specific membrane antigen" protein refers
to mammalian PSMA, preferably human PSMA protein. Human PSMA includes the two protein
products, PSMA and PSM, encoded by the two alternatively spliced mRNA variants (containing
about 2,653 and 2,387 nucleotides, respectively) of the PSMA c¢DNA disclosed in Israeli et al.
(1993) Cancer Res. 53:227-230; Su et al. (1995) Cancer Res. 55:1441-1443; US 5,538,866, US
5,935,818, and WO 97/35616, the contents of which are hereby incorporated by reference. The
long transcript of PSMA encodes a protein product of about 100-120 kDa molecular weight
characterized as a type II transmembrane receptor having sequence homology with the
transferrin receptor and having NAALADase activity (Carter et al. (1996) Proc. Natl. Acad. Sci.
USA 93:749-753). Accordingly, the term "human PSMA" refers to at least two protein products,
human PSMA and PSM', which have or are homologous to (e.g., at least about 85%, 90%, 95%
identical to) an amino acid sequence as shown in Israeli ez al. (1993) Cancer Res. 53:227-230;
Su et al. (1995) Cancer Res. 55:1441-1443; US 5,538,866, US 5,935,818, and WO 97/35616; or
which is encoded by (a) a naturally occurring human PSMA nucleic acid sequence (e.g., Israeli
et al. (1993) Cancer Res. 53:227-230 or US 5,538,860); (b) anucleic acid sequence degenerate
to a naturally occurring human PSMA sequence; (¢) a nucleic acid sequence homologous to
(e.g., at least about 85%, 90%, 95% identical to) the naturally occurring human PSMA nucleic
acid sequence; or (d) a nucleic acid sequence that hybridizes to one of the foregoing nucleic acid
sequences under stringent conditions, e.g., highly stringent conditions.

[00135] - An "anti-PSMA antibody" is an antibody that interacts with (e.g., binds to)
PSMA, preferably human PSMA protein. Preferably, the anti-PSMA antibody interacts with,
e.g., binds to, the extracellular domain of PSMA, e.g., the éxtracellular domain of human PSMA
located at about amino acids 44-750 of human PSMA (amino acid residues correspond to the
human PSMA sequence disclosed in US 5,538,866). In one embodiment, the anti-PSMA
antibody binds all or part of the epitope of an antibody described herein, e.g., J591, E99, J415,
and J533. The anti-PSMA antibody can inhibit, e.g., competitively inhibit, the binding of an
antibody described herein, e.g., J591, E99, J415, and J533, to human PSMA. An anti-PSMA
antibody may bind to an epitope, e.g., a conformational or a linear epitope, which epitope when

bound prevents binding of an antibody described herein, J591, E99, J415, and J533. The epitope
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can be in close proximity spatially or functionally-associated, e.g., an overlapping or adjacent
epitope in linear sequence or conformationally to the one recognized by the 1591, E99, J415, or
J533 antibody. In one embodiment, the anti-PSMA antibody binds to an epitope ldcated wholly
or partially within the region of about amino acids 120 to 500, preferably 130 to 450, more
preferably, 134 to 437, or 153 to 347, of human PSMA (amino acid residues correspond to the
human PSMA sequence disclosed in US 5,538,866). Preferably, the epitope includes at least one
glycosylation site, e.g., at least one N-linked glycosylation site (e.g., an asparagine residue
located at about amino acids 190-200, preferably at about amino acid 195, of human PSMA,;
amino acid residues correspond to the human PSMA sequence disclosed in US 5,538,866).
[00136] Cell lines that produce anti-PSMA antibodies, e.g., murine and modified anti-
PSMA antibodies, described herein have been deposited with the ATCC. The ATCC
designations of the cell lines that produce each of the anti-PSMA antibodies are listed in Table 7.

Table 7
Anti-PSMA Antibody . ATCC Designation
E99 HB-12101
J415 HB-12109
J533 HB-12127
J591 HB-12126
deJ591 PTA-3709
delJ415 PTA-4174
[00137] In a preferred embodiment, the interaction, e.g., binding, occurs with high affinity

(e.g., affinity constant of at least 10" M, preferably, between 10® M and 10%°, ‘or about 10° M'l)
and specificity. Preferably, the anti-PSMA antibody treats, e.g., ablates or kills, a cell, e.g., a
PSMA-expressing cell (e.g., a prostatic or cancerous cell). The mechanism by which the anti-
PSMA antibody treats, e.g., ablates or kills, the cell is not critical to the practice of the invention.
In one embodiment, the anti-PSMA antibody may bind to and be internalized with the PSMA
expressed in the cells and/or vascular endothelial cells proximate to the cells. In those
embodiments, the anti-PSMA antibody can be used to target a second moiety, e.g., a labeling

agent, a labeling agent, or a viral agent, to the cell. In other embodiments, the anti-PSMA
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antibody may mediate host-mediated-killing, e.g., complement- or ADCC-mediated killing, of
the cell and/or the vascular cell proximate thereto, upon binding to the extracellular domain of
PSMA. The cell can be killed directly by the anti-PSMA antibody by binding directly to the cell
or the vascular endothelial cells proximate thereto. Alternatively, the anti-PSMA antibody can
treat, e.g., kill or ablate, or otherwise change the properties of the vascular endothelial cells to
which it binds so that blood flow to the cells proximate thereto is reduced, thereby causing the
cells to be killed or ablated. Examples of anti-PSMA antibodies include, e.g., monospecific,
monoclonal (e.g., human), recombinant or modified, e.g., chimeric, CDR-grafted, humanized,
deimmunized, and in vitro generated anti-PSMA antibodies.

[00138] As used herein, the term “treat" or "treatment” is defined as the application or
administration of an anti-PSMA antibody or antigen binding fragment thereof to a subject, e.g., a
patient, or application or administration to an isolated tissue or cell from a subject, e.g., a patient,
which is returned to the patient. The anti-PSMA antibody or antigen binding fragment thereof,
can be administered alone or in combination with, a second agent. The subject can be a patient
having a disorder (e.g., a disorder as described herein), a symptom of a disorder or a
predisposition toward a disorder. The treatment can be to cure, heal, alleviate, relieve, alter,
remedy, ameliorate, palliate, improve or affect the disorder, the symptoms of the disorder or the
predisposition toward the disorder. While not wishing to be bound by theory treating is believed
to cause the inhibition, ablation, or killing of a cell in vitro or in vivo, or otherwise reducing
capacity of a cell, e.g., an aberrant cell, to mediate a disorder, e.g., a disorder as described herein
(e.g., a cancer or prostatic disorder).

[00139] As used herein, an amount of an anti-PSMA antibody effective to treat a disorder,
or a "therapeutically effective amount" refers to an amount of the antibody which is effective,
upon single or multiple dose administration to a subject, in treating a cell, e.g., a prostatic or
cancer cell (e.g., a PSMA-expressing prostatic or cancer cell, or a vascular cell proximate
thereto), or in prolonging curing, alleviating, relieving or improving a subject with a disorder as
described herein beyond that expected in the absence of such treatment. As used herein,
"inhibiting the growth" of the neoplasm refers to slowing, interrupting, arresting or stopping its
growth and metastases and does not necessarily indicate a total elimination of the neoplastic

growth.
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[00140] As used herein, an amount of an anti-PSMA antibody effective to prevent a
disorder, or a "a prophylactically effective amount" of the antibody refers to an amount of an
anti-PSMA antibody, e.g., an anti-PSMA antibody as described herein, which is effective, upon
single- or multiple-dose administration to the subject, in preventing or delaying the occurrence of
the onset or recurrence of a disorder, e.g., @ cancer or prostatic disorder as described herein, or
treating a symptom thereof. .

[00141] The terms "induce", “inhibit", “potentiate", "elevate", "increase", "decrease" or the
like, e.g., which denote quantitative differences between two states, refer to a difference, e.g., a
statistically or clinically significant difference, between the two states. For example, "an amount
effective to inhibit the proliferation of the PSMA-expressing hyperproliferative cells" means that
the rate of growth of the cells will be different, e.g., statistically different, from the untreated
cells. ‘

[00142] As used herein, "specific binding" refers to the property of the antibody to: (1) to
bind to PSMA, e.g., human PSMA protein, with an affinity of at least 1 x 10" M, and (2)
preferentially bind to PSMA, e.g., human PSMA protein, with an affinity that is at least two-fold,
50-fold, 100-fold, 1000-fold, or more greater than its affinity for binding to a non-specific
antigen (e.g., BSA, casein) other than PSMA..

[00143] As used herein, the term "antibody" refers to a protein comprising at least one,
and preferably two, heavy (H) chain variable regions (abbreviated herein as VH), and at least one
and preferably two light (L) chain variable regions (abbreviated herein as VL). The VH and VL
regions can be further subdivided into regions of hypervariability, termed "complementarity
determining regions" ("CDR"), interspersed with regions that are more conserved, termed
"framework regions" (FR). The extent of the framework region and CDRs has been precisely
defined (see, Kabat, E.A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242, and
Chothia, C. et al. (1987) J. Mol. Biol. 196:901-917, which are incorporated herein by reference).
Preferably, each VH and VL is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4.

[00144] The VH or VL chain of the antibody can further include all or part of a heavy or

light chain constant region. In one embodiment, the antibody is a tetramer of two heavy
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immunoglobulin chains and two light immuno globulin chains, wherein the heavy and light
immunoglobulin chains are inter-connected by, e.g., disulfide bonds. The heavy chain constant
region is comprised of three domains, CH1, CH2 and CH3. The light chain constant region is
comprised of one domain, CL. The varjable region of the heavy and light chains contains a
binding domain that interacts with an antigen. The constant regions of the antibodies typically
mediate the binding of the antibody to host tissues or factors, including various cells of the
immune system (e.g., effector cells) and the first component (Clg) of the classical complement
system. The term "antibody" includes intact immunoglobulins of types IgA, IgG, IgE, IgD, IgM
(as well as subtypes thereof), wherein the light chains of the immunoglobulin may be of types
kappa or lambda.

[A00145] As used herein, the term "immunoglobulin® refers to a protein consisting of one or
more polypeptides substantially encoded by immunoglobulin genes. The recognized human
immunoglobulin genes include the kappa, lambda, alpha (IgA1 and IgA2), gamma (IgG1, IgG2,
IgG3, IgG4), delta, epsilon and mu constant region genes, as well as the myriad immunoglobulin
variable region genes. Full-length immunoglobulin "light chains" (about 25 Kd or 214 amino
acids) are encoded by a variable region gene at the NH2-terminus (about 110 amino acids) and a
kappa or lambda constant region gene at the COOH-terminus. Full-length immunoglobulin
"heavy chains" (about 50 Kd or 446 amino acids), are similarly encoded by a variable region
gene (about 116 amino acids) and one of the other aforementioned constant region genes, e.g.,
gamma (encoding about 330 amino acids). The term “immunoglobulin” includes an
immunoglobulin having: CDRs from a non-human source, €.g., from a non-human antibody, e.g.,
from a mouse immunoglobulin or another non-human immunoglobulin, from a consensus
sequence, or from a sequence generated by phage display, or any other method of generating
diversity; and having a framework that is less antigenic in a human than a non-human
framework, e.g., in the case of CDRs from a non-human immunoglobulin, less antigenic than the
non-human framework from which the non-human CDRs were taken. The framework of the
immunoglobulin can be human, humanized non-human, e.g., a mouse, framework modified to
decrease antigenicity in humans, or a synthetic framework, e.g., a consensus sequence. These
are sometimes referred to herein as modified immunoglobulins. A modified antibody, or antigen
binding fragment thereof, includes at least one, two, three or four modified immunoglobulin

chains, e.g., at least one or two modified immunoglobulin light and/or at least one or two
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modified heavy chains. In one embodiment, the modified antibody is a tetramer of two modified
heavy immunoglobulin chains and two modified light immuno globulin chains.

[00146] As used herein, "isotype" refers to the antibody class (e.g., IgM or IgGl) that is
encoded by heavy chain constant region genes.

[00147] The term "antigen-binding fragment" of an antibody (or simply "antibody
portion," or "fragment"), as used herein, refers to a portion of an antibody which specifically
binds to PSMA (e.g., human PSMA), e.g., a molecule in ‘which one or more immunoglobulin
chains is not full length but which specifically binds to PSMA (e.g., human PSMA protein).
Examples of binding fragments encompassed within the term "antigen-binding fragment" of an
antibody include (i) a Fab fragment, a monovalent fragment consisting of the VL, VH, CL and
CH1 domains; (ii) a F(ab")p fragment, a bivalent fragment comprising two Fab fragments linked

by a disulfide bridge at the hinge region; (iii) 2 Fd fragment consisting of the VH and CH1
domains; (iv) a Fv fragment consisting of the VL and VH domains of a single arm of an
antibody, (v) a dAb fragment (Ward ez al., (1989) Nature 341:544-546), which consists of a VH
domain; and (vi) an isolated complementarity determining region (CDR) having sufficient
framework to specifically bind, e.g., an antigen binding portion of a variable region. An antigen
binding portion of a light chain variable region and an antigen binding portion of a heavy chain
variable region, e.g., the two domains of the Fv fragment, VL and VH, can be joined, using
recombinant methods, by a synthetic linker that enables them to be made as a single protein
chain in which the VL and VH regions pair to form monovalent molecules (known as single
chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988) Proc.
Natl. Acad. Sci. USA 85:5879-5883). Such single chain antibodies are also intended to be
encompassed within the term "antigen-binding fragment” of an antibody. These antibody
fragments are obtained using conventional techniques known to those with skill in the art, and
the fragments are screened for utility in the same manner as are intact antibodies.

[00148] The term "monospecific antibody" refers to an antibody that displays a single
binding specificity and affinity for a particular target, e.g., epitope. This term includes a
"monoclonal antibody" or "monoclonal antibody composition," which as used herein refer to a
preparation of antibodies or fragments thereof of single molecular composition.

[00149] The term "recombinant” antibody, as used herein, refers to antibodies that are

prepared, expressed, created or isolated by recombinant means, such as antibodies expressed
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using a recombinant expression vector transfected into a host cell, antibodies isolated from a
recombinant, combinatorial antibody library, antibodies isolated from an animal (e.g., a mouse)
that is transgenic for human immunoglobulin genes or antibodies prepared, expressed, created or
isolated by any other means that involves splicing of human immunoglobulin gene sequences to
other DNA sequences. Such recombinant antibodies include humanized, CDR grafted, chimeric,
deimmunized, in vitro generated (e.g., by phage display) antibodies, and may optionally include
constant regions derived from human germline immunoglobulin sequences.

[00150] As used herein, the term "substantially identical" (or "substantially homologous")
is used herein to refer to a first amino acid or nucleotide sequence that contains a sufficient
number of identical or equivalent (e.g., with a similar side chain, e.g., conserved amino acid
substitutions) amino acid residues or nucleotides to a second amino acid or nucleotide sequence
such that the first and second amino acid or nucleotide sequences have similar activities. In the
case of antibodies, the second antibody has the same specificity and has at least 50% of the
affinity of the same.

[00151] Calculations of "homology" between two sequences cab be performed as follows.
The sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in one
or both of a first and a second amino acid or nucleic acid sequence for optimal alignment and
non-homologous sequences can be disregarded for comparison purposes). In a preferred
embodiment, the length of a reference sequence aligned for comparison purposes is at least 30%,
preferably at least 40%, more preferably at least 50%, even more preferably at least 60%, and
even more preferably at least 70%, 80%, 90%, 100% of the length of the reference sequence.
The amino acid residues or nucleotides at corresponding amino acid positions or nucleotide
positions are then compared. When a position in the first sequence is occupied by the same
amino acid residue or nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position (as used herein amino acid or nucleic acid "identity" is
equivalent to amino acid or nucleic acid "homology"). The percent identity between the two
sequences is a function of the number of identical positions shared by the sequences, taking into
account the number of gaps, and the length of each gap, which need to be introduced for optimal
alignment of the two sequences.

[00152] The comparison of sequences and determination of percent homology between

two sequences can be accomplished using a mathematical algorithm. In a preferred embodiment,
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the percent homology between two amino acid sequences is determined using the Needleman
and Wunsch (1970), J. Mol. Biol. 48:444-453 , algorithm which has been incorporated into the
GAP program in the GCG sofiware package , using either a Blossum 62 matrix or a PAM250
matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3,4, 5, or 6. In
yet another preferred embodiment, the percent homology between two nucleotide sequences is
determined using the GAP program in the GCG software package, using a NWSgapdna.CMP
matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3,4, 5, 0r6. A
particularly preferred set of parameters (and the one that should be used if the practitioner is
uncertain about what parameters should be applied to determine if a molecule is within a
homology limitation of the invention) are a Blossum 62 scoring matrix with a gap penalty of 12,
a gap extend penalty of 4, and a frameshift gap penalty of 5.

[00153] As used herein, the term “hybridizes under low stringency, medium stringency,
high stringency, or very high stringency conditions” describes conditions for hybridization and
washing. Guidance for performing hybridization reactions can be found in Current Protocols in
Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, which is incorporated by
reference. Aqueous and nonaqueous methods are described in that reference and either can be
used. Specific hybridization conditions referred to herein are as follows: 1) low stringency
hybridization conditions in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by
two washes in 0.2X SSC, 0.1% SDS at least at 50°C (the temperature of the washes can be
increased to 55°C for low stringency conditions); 2) medium stringency hybridization conditions
in 6X SSC at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 60°C; 3)
high stringency hybridization conditions in 6X SSC at about 45 °C, followed by one or more
washes in 0.2X SSC, 0.1% SDS at 65°C; and preferably 4) very high stringency hybridization
conditions are 0.5M sodium phosphate, 7% SDS at 65°C, followed by one or more washes at
0.2X SSC, 1% SDS at 65°C. Very high stringency conditions (4) are the preferred conditions
and the ones that should be used unless otherwise specified.

[00154] It is understood that the antibodies and antigen binding fragment thereof of the
invention may have additional conservative or non-essential amino acid substitutions, which do
not have a substantial effect on the polypeptide functions. Whether or not a particular
substitution will be tolerated, i.e., will not adversely affect desired biological properties, such as

binding activity can be determined as described in Bowie, JU et al. (1990) Science 247:1306-

67



WO 2005/094882 PCT/US2004/006543

1310. A "conservative amino acid substitution" is one in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino acid residues
having similar side chains have been defined in the art. These families include amino acids with
basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., asparagine, glutamine, serine, threonine, tyrosine,
cysteine), nonpolar side chains (e.g., glycine, alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
[00155] A "non-essential" amino acid residue is a residue that can be altered from the
wild-type sequence of the binding agent, e.g., the antibody, without abolishing or more
preferably, without substantially altering a biological activity, whereas an "essential” amino acid

residue results in such a change.

Anti-PSMA Antibodies
[00156] Many types of anti-PSMA antibodies, or antigen-binding firagments thereof, are

useful in the methods of this invention. The antibodies can be of the various isotypes, including:
IgG (e.g., IgG1, IgG2, IgG3, IgG4), IgM, IgAl, IgA2, IgD, or IgE. Preferably, the antibody is
an IgG isotype, e.g., [gG1. The antibody molecules can be full-length (e.g., an IgG1 or IgG4
antibody) or can include only an antigen-binding fragment (e.g., a Fab, F(ab'),, Fv or a single

chain Fv fragment). These include monoclonal antibodies, recombinant antibodies, chimeric
antibodies, humanized antibodies, deimmunized antibodies, and human antibodies, as well as
antigen-binding fragments of the foregoing.

[00157] Monoclonal anti-PSMA antibodies can be used in the methods of the invention.
Preferably, the monoclonal antibodies bind to the extracellular domain of PSMA (i.e., an epitope
of PSMA located outside of a cell). Examples of preferred murine monoclonal antibodies to
human PSMA include, but are not limited to, E99, J415, J533 and J591, which are produced by
hybridoma cell lines having an ATCC Accession Number HB-12101, HB-12109, HB-12127 , and
HB-12126, respectivély, all of which are disclosed in US 6,107,090 and US 6,136,311, the
contents of which are expressly incorporated by reference. Most preferably, the murine
monoclonal antibody is J591, produced by HB-12126. |

[00158] Additional monoclonal antibodies to PSMA can be generated using techniques

known in the art. Monoclonal antibodies can be produced by a variety of techniques, including
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conventional monoclonal antibody methodology e.g., the standard somatic cell hybridization
technique of Kohler and Milstein, Nature 256: 495 (1975). See generally, Harlow, E. and Lane,
D. (1988) Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.

[00159] Useful immunogens for the purpose of this invention include PSMA (e.g., human
PSMA)-bearing cells (e.g., a prostate tumor cell line, e.g., LNCap cells, or fresh or frozen
prostate tumor cells); membrane fractions of PSMA-expressing cells (e.g., a prostate tumor cell
line, e.g., LNCap cells, or fresh or frozen prostate tumor cells); isolated or purified PSMA, e.g.,
human PSMA protein (e.g., biochemically isolated PSMA, or a portion thereof, €.g., the
extracellular domain of PSMA). Techniques for generating antibodies to PSMA. are described in
US 6,107,090, US 6,136,311, the contents of all of which are expressly incorporated by
reference.

[00160] Human monoclonal antibodies (mAbs) directed against human proteins can be
generated using transgenic mice carrying the human immuno globulin genes rather than the
mouse system. Splenocytes from these transgenic mice immunized with the antigen of interest
are used to produce hybridomas that secrete human mAbs with specific affinities for epitopes
from a human protein (see, e.g., Wood et al. International Application WO 91/00906,
Kucherlapati et al. PCT publication WO 91/10741; Lonberg et al. International Application WO
92/03918; Kay et al. International Application 92/03917; Lonberg, N. et al. 1994 Nature
368:856-859; Green, L.L. et al. 1994 Nature Genet. 7:13-21; Morrison, S.L. et al. 1994 Proc.
Natl. Acad. Sci, USA 81:6851-6855; Bruggeman et al. 1993 Year Immunol 7:33-40; Tuaillon et
al. 1993 PNAS 90:3720-3724; Bruggeman et al. 1991 Eur J Immunol 21:1323-1326).

[00161] Anti-PSMA antibodies or fragments thereof useful in the present invention may
also be recombinant antibodies produced by host cells transformed with DNA encoding
immunoglobulin light and heavy chains of a desired antibody. Recombinant antibodies may be
produced by known genetic engineering techniques. For example, recombinant antibodies may
be produced by cloning a nucleotide sequence, e.g., a cDNA or genomic DNA, encoding the
immunoglobulin light and heavy chains of the desired antibody. The nucleotide sequence
encoding those polypeptides is then inserted into expression vectors so that both genes are
operatively linked to their own transcriptional and translational expression control sequences.

The expression vector and expression control sequences are chosen to be compatible with the
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expression host cell used. Typically, both genes are inserted into the same expression vector.
Prokaryotic or eukaryotic host cells may be used.

[00162] Expression in eukaryotic host cells is preferred because such cells are more likely
than prokaryotic cells to assemble and secrete a properly folded and immunologically active
antibody. However, any antibody produced that is inactive due to improper folding may be
renaturable according to well known methods (Kim and Baldwin, "Specific Intermediates in the
Folding Reactions of Small Proteins and the Mechanism of Protein Folding", Ann. Rev. Biochem.
51, pp. 459-89 (1982)). Itis possible that the host cells will produce portions of intact
antibodies, such as light chain dimers or heavy chain dimers, which also are antibody homologs
according to the present invention.

[00163] Tt will be understood that variations on the above procedure are useful in the
present invention. For example, it may be desired to transform a host cell with DNA encoding
either the light chain or the heavy chain (but not both) of an antibody. Recombinant DNA
technology may also be used to remove some or all of the DNA encoding éither or both of the
light and heavy chains that is not necessary for PSMA binding, e.g., the constant region may be
modified by, for example, deleting specific amino acids. The molecules expressed from such
truncated DNA molecules are useful in the methods of this inveﬁtion. In addition, bifunctional
antibodies may be produced in which one heavy and one light chain are anti-PSMA antibody and
the other heavy and light chain are specific for an antigen other than PSMA, or another epitope
of PSMA.

[00164] Chimeric antibodies can be produced by recombinant DNA techniques known in
the art. For example, a gene encoding the Fc constant region of a murine (or other species)
monoclonal antibody molecule is digested with restriction enzymes to remove the region
encoding the murine Fc, and the equivalent portion of a gene encoding a human Fe constant
region is substituted (see Robinson et al., International Patent Publication PCT/US86/02269;
Akira, et al., Buropean Patent Application 184,187; Taniguchi, M., European Patent Application
171,496; Morrisén et al., European Patent Application 173,494; Neuberger et al., International
Application WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567; Cabilly et al., European
Patent Application 125,023; Better et al. (1988 Science 240:1041-1043); Liu et al. (1987) PNA.S
84:3439-3443; Liu et al., 1987, J. Immunol. 139:3521-3526; Sun et al. (1987) PNAS 84:214-21 &;
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Nishimura et al., 1987, Canc. Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and
Shaw et al., 1988, J. Natl Cancer Inst. 80:1553-1559).

[00165] An antibody or an immunoglobulin chain can be humanized by methods known in
the art. Once the murine antibodies are obtained, the variable regions can be sequenced. The
| location of the CDRs and framework residues can be determined (see, Kabat, E.A., et al. (1991)
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242, and Chothia, C. et al. (1987) J. Mol. Biol.
196:901-917, which are incorporated herein by reference). The light and heavy chain variable
regions can, optionally, be ligated to corresponding constant regions.

[00166] Murine anti-PSMA antibodies can be sequenced using art-recognized techniques. -
As an example, hybridomas expressing murine hybridomas J533, J415 and E99 were propagated
in culture in RPMI 1640 medium supplemented with 10% fetal calf serum. The isotype of the
antibodies secreted was confirmed as IgGlx, IgGlx, and IgG3« respectively. These monoclonal
antibodies, like J5 91, bind to the external domain of prostate specific membrane antigen. J591,
7533 and E99 recognize the same epitope, while J415 recognizes an independent epitope. Total
RNA for each monoclonal was prepared from 107 hybridoma cells. Vy and Vg cDNA was
prepared using reverse transcriptage and mouse k constant region and mouse IgG constant region
primers. The first strand cDNAs were amplified by PCR using a variety of mouse signal
sequence primers (6 for Vi and 7 for V). The amplified DNAs were gel-purified and cloned
into the vector pT7Blue. The Vg and V clones obtained were screened for correct inserts by
PCR and the DNA sequence of selected clones determined by the dideoxy chain termination
method (see Table 7).

[00167] The DNA and amino acid sequences for the heavy and light chain variable
regions from J415 were obtained and are shown in Figures 7B (V) and 8B (V) (also, see Table
5). The location of the CDRs is shown. J415 Vi can be assigned to Mouse Heavy Chains
‘Subgroup IIIC (Kabat EA et al; ibid). The sequence of J415 Vi compared to the consensus
sequence for this subgroup is shown in Figure 7C. J415 Vi can be assigned to Mouse Kappa
Chains Subgroup I (Kabat EA et al; ibid). The sequence of J415 Vx compared to the consensus
sequence for this subgroup is shown in Figure 8C.

[00168] The DNA and amino acid sequences encoding the heavy and light chain variable
regions J533 were obtained and are shown in Figures 9A (Vy) and 10A (Vk) (see also Table 5).
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The location of the CDRs is shown in each figure. J533 Vy can be assigned to Mouse Heavy
Chains Subgroup ITA (Kabat EA et al; Sequences of proteins of Immunological Interest, US
Department of Health and Human Services, 1991). The sequence of J533 Vi compared to the
consensus sequence for this subgroup is shown in Figure 9B. J533 Vi can be assigned to Mouse
Kappa Chains Subgroup III (Kabat EA et al; ibid). The sequence of J533 Vk compared to the
consensus seqﬁence for this subgroup is shown in Figure 10B.

[00169] The DNA and amino acid sequences of the heavy and light chain variable regions
of E99 were obtained and are shown in Figures 11A (Vy) and 12A (Vi) (see also Table 5). The
location of the CDRs is shown. E99 Vy can be assigned to Mouse Heavy Chains Subgroup IB
(Kabat EA et al; ibid). The sequence of E99 Vy compared to the consensus sequence for this
subgroup is shown in Figure 11B. E99 Vi can be assigned Mouse Kappa Chains Subgroup 1
(Kabat EA et al; ibid). The sequence of E99 Vi compared to the consensus sequence for this
subgroup is shown in Figure 12B.

[00170] The amino acid sequence and nucleotide sequences encoding the variable region

of antibodies J415, deJ415, 7591, deJ591, J533 and E99 are provided below in Table 8.

Table 8: Antibody variable chain sequences

SEQ
NAME Organism FIG. D SEQUENCE
NO:
Vg J415 Mus musculus | Fig. 7B 125 | gaagtgaagcttgaggagictggaggaggcttggtgcaaccigg

aggatccatgaaactctcctgtgtigeetetggaticactticagtaat
tactggatgaactgggtccgecagtctccagagaaggggcetigag
tgggttgctgaaattagatcgcaatetaataatittgcaacacattatg
cggagtctgtgaaagggagggtcatcatctcaagagatgaticea

agagtagtgtctacctgcaaatgaacaactigagagetgaagaca

ctggcatttattactgtaccaggegatggaataatitctggggecaa

ggcaccactctcacagtcicctca

Vy Variable Mus musculus | Fig. 1A | 19 | EVQLQQSGPELKKPGTSVRISCKTSGYTFT

Region EYTIHWVKQSHGKSLEWIGNINPNNGGTT
J591 YNQKFEDKATLTVDKSSSTAYMELRSLTS
EDSAVYYCAAGWNEDYWGQGTTLTVSS
Vu J415 Mus musculus | Fig. 7B | 126 | tgaggagactgtgagagtggtgccttggecccagaaattattceat
(complementar cgectggtacagtaataaatgecagtgtcticagetetecaagttgttc
y strand of atttgcaggtagacactactcttggaatcatctcttgagatgatgace
SEQID ctcectitcacagactccgeataatgtgtigeaaaattattagattge
NO:125) gatctaatttcagcaacccactcaagecccttetctggagactgge

ggacccagttcatccagtaattactgaaagtgaatccagaggeaa
cacaggagagittcatggatcctccaggttgecaccaagcectcetce
agactcctcaageticacttc
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V. J415 Mus musculus | Fig. 8B | 127 | aacattgtaatgacccaatticccaaatc catgtccatttcagtagga
gagagggtcaccttgacctgcaaggecagtgagaatgtgggtact
tatgtgtcctggtatcaacagaaaccagaacagtctcotaagatgtt
gatatacggggcatccaaccggttcactggggteeccgategett
cacaggcagtggatctgecaacagatitcaticigaccatcageagt
gtgcagactgaagaccttgtagattatiactgtggacagagttacac
ctitccgtacacgticggaggggggac caageiggaaatgaag
V. Variable Mus musculus | Fig. 1B 20 DIVMTQSHKFMSTSVGDR VSIICKASQDV
Region GTAVDWYQQKPGQSPKIL_LIYWASTRHTG
J591 VPDRFTGSGSGTDFTLTILCNVQSEDLADYF
CQQYNSYPLTFGAGTMLIDLK
V. J415 Mus musculus | Fig. 8B | 128 | ctteatttccagettggtccccectccga acgtgtacggaaaggtgt
(complementar aactctgtccacagtaataatctacaaggicticagtctgeacactg
y strand of ctgatggtcagaatgaaatctgtigcagatccactgectgtgaage
SEQID gatcggggaccccagigaaccggtiggatgecceegtatatcaaca
NO:127) {cttaggagactgttctggttictgttgataaccaggacacataagtac
ccacattctcactggecttgeaggtecaa ggtgaccectetetectact
_gaaatggacatggatttggpaaattggestoattacaatgtt
Vg Variable Artificial - Fig. 2A 21 EVQLVQSGPEVKKPGATWKISCKTSGYTFT
Region deimmunized EYTIHWVKQAPGKGLEW IGNINPNNGGTT
(Deimm) heavy chain - YNQKFEDKATLTVDKSTIDTAYMELSSLRS
J591 J591 EDTAVYYCAAGWNFDYWGQGTLLTVSS
Vi Variable Artificial - Fig. 2B 22 DIQMTQSPSSLSTSVGDRVTLTCKASQDV
Region deimmunized GTAVDWYQQKPGPSPKLLIYWASTRHTGI
(Deimm) light chain PSRFSGSGSGTDFTLTISSL_.QPEDFADYYCQ
J591 J591 QYNSYPLTFGPGTKVDIK
Vi Artificial - Fig.4A | 23 | aagcttatgaatatgcaaatccictgaatctacatggtaaatataggt
Deimmunized | deimmunized ttgtctataccacaaacagaaaaacatgagatcacagtictctetac
J591 heavy chain agttactgagcacacaggacctcaccatgggatggagetgtateat
1591 ccteticttggtageaacagetacaggtaaggggcetcacagtagea
CDS (122- ggottgaggtctggacatatatatgggtsacaatgacatceactttg
166) cctttetetccacaggigtecactccgagsgtccaactggtacagict
& ggacctgaagigaagaagecetgggge tacagtgaagatateetg
CDS (249- caagacttctggatacacattcactgaatataccatacactgggtga
605) agcaggeccctggaaagggecttgagtggattggaaacaticaate
ctaacaatggiggtaccacctacaatca gaagttcgaggacaagg
ccacactaactgtagacaagtccaccgatacagectacatggage
tcagcagcctaagatctgaggatactgcagtetattatigtgeaget
gettggaactttgactactggggecaageggaccetgetecacegtet
ccicaggtgagtccttacaacctctetettetattcagettaaatagat
tttactgeattigtigggggggaaatgtg tgtatctgaatticaggtca
tgaaggactagggacaccttgggagic agaaagggtcattggga
geecegggcotgatgecagacagacatcecteagetceccagacttcatg
gecagagatttataggatce
Vu Artificial - Fig. 4A | 24 . | ggatcctataaatctctggecatgaagictgggagetgaggatgte
Deimmunized | deimmunized ' tgtetgeatcagecegggeteccaatga cectitctgactcccaag
(complimentar | heavy chain gtgtccetagtecttcatgacctgaaaticagatacacacatttccee
y strand of J591 cccaacaaatgcagtaaaatctatttaagrctgaatagaagagagag
SEQ ID gttgtaaggacicaccigaggagacggtgageagggtcectigge
NO:23) cccagtagicaaagttccaaccagetgcacaataatagactgeagt
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J591 atcctcagatcitaggetgetgagetecatgtaggetgtateggteg
acttgtctacagttagtgtggecttgtcctegaacttctgattgtaggt.
ggtaccaccattgttaggattgatgtitccaatccactcaaggecctt
tccaggggcctgettcacccagtgtatggtataticagtgaatgtgt
atccagaagtcttgcaggatatcticactgtagecccaggettetic
acttcaggtccagactgtaccagttggacctcggagtggacacct
gtggagagaaaggcaaagtggatgtcattgtcacceatatatatgt
ccagacctcaagectgcetactgtgagecccttacctgtagetgttge
taccaagaagaggatgatacagctccatcceatggigaggtectgt
gtgcteagtaactgtagagagaactgtgatcteatgttittctgtitgt
ggtatagacaaacctatatitaccatgtagattcagaggattigeata
ttcataagett

Vi Artificial - Fig. 4B | 25 | aagcttatgaatatgcaaatccictgaatctacatggtaaatataggt

Deimmunized | deimmunized ttgtctataccacaaacagaaaaacatgagatcacagtictetctac

J591 light chain agttactgagcacacaggaccicaccatgggatggagcetgtatcat

J591 cctettettggtageaacagetacaggtaaggggcetcacagtagea

CDS (122- gecttgaggtctggacatatatatgggtgacaatgacatccactitg

166) cctttetetccacaggtgtecactcegacatecagatgacccagtet

& cccteateectgtecacatcagtaggagacagggicaccetcacct

CDS (249- gtaaggcecagtcaagatgtgggtactgetgtagactggtatcaaca

581) gaaaccaggaccatctcctaaactactgatttattgggeatccacte
ggcacactggaatccctagtegetictcaggeagtiggatetggga
cagacttcactctcaccattictagtettcagectgaagacttigeag
attattactgtcagcaatataacagctatcetctcacgtteggtectg
ggaccaaggtggacatcaaacgtgagtagaatttaaactttgetic
ctcagttggatcc

Vi Artificial - Fig. 4B | 26 | ggatccaactgaggaagcaaagtttaaatictactcacgtitgatgt

Deimmunized | deimmunized ccaccttggtcccaggacegaacgtgagaggatagetgtiatattg

(complimentar | light chain ctgacagtaataatctgcaaagtcticaggctgaagactagaaatg

y strand of J591 gtgagagtgaagtctgtceccagatccactgectgagaagegacta

SEQ ID gggattccagtgtgccgagtggatgceecaataaatcagtagtttag

NO:25) gagatggtcctggttictgtigataccagtctacageagtacecaca

J591 tettgactggecttacaggtgagggtgacccotgtctectactgatgt
ggacagggatgagggagactgggtcatctggatgteggagtgga
cacctgtggagagaaaggceaaagtggatgtcattgtcacceatata
tatgtccagacctcaageetgetactgtgagecccttacetgtaget
gttgctaccaagaagaggatgatacagetccatcccatggtgagg
tectgtgtgctcagtaactgtagagagaactgtgatetcatgtitttct
gittgtggtatagacaaacctatatttaccatgtagattcagaggattt
gcatattcataagett

Vi Artificial - Fig. 4A 27 | MGWSCIILFLVATATGVHSEVQLVQSGPE

Deimmunized | deimmunized VKKPGATVKISCKTSGYTFTEYTIHWVKQ

(predicted a.a. | heavy chain APGKGLEWIGNINPNNGGTTYNQKFEDKA

of SEQ ID J591 TLTVDKSTDTAYMELSSLRSEDTAVYYCA

NO:23) AGWNFDYWGQGTLLTVSS

J591

Vi Artificial - Fig. 4B 28 | MGWSCIHLFLVATATGVHSDIQMTQSPSSL

Deimmunized | deimmunized STSVGDRVTLTCKASQDVGTAVDWYQQK

(predicted a.a. | light chain PGPSPKLLIYCASTRHTGIPSRFSGSGSGTD
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of SEQID J591 FTLTISSLQPEDFADYYCQQYNSYPLTFGP
NO:25) GTKVDIK
J591
Vy Variable Mus musculus | Fig. 5 47 | EVKLEESGGGLVQPGGSMKLSCVASGFTF
Region SNYWMNWVRQSPEKGLEWVAEIRSQSNN
J415 FATHYAESVKGRVISRDDSKSSVYLQMN

NLRAEDTGIYYCTRRWNNFWGQGTTLTV
SS
V1, Variable Mus musculus | Fig. 6 48 | NIVMTQFPKSMSISVGERVTLTCKASENVG
Region TYVSWYQQKPEQSPKMLIYGASNRFTGVP
J415 DRFTGSGSATDFILTISSVQTEDLVDYYCG
QSYTFPYTFGGGTKLEMK
Vg Variable Artificial - Fig. 5 49 | EVKLEESGGGLVQPGGSMKISCVASGFTFS
Region deimmunized NYWMNWVRQSPEKGLEWVAEIRSQSNNF
(Deimm). heavy chain ATHYAESVKGRVIISRDDSKSSVYLQMNS
J415-4 J415-4 LRAEDTAVYYCTRRWNNEFWGQGTTVTVS
S
V1 Variable Artificial - Fig. 6 50 | NIVMTQFPKSMSASAGERMTLTCKASENV
Region deimmunized GTYVSWYQQKPTQSPKMLIYGASNRFTGV
(Deimm) light chain PDRFSGSGSGTDFILTISSVQAEDLVDYYC
J415-5 J415-5 GQSYTFPYTFGGGTKLEMK
Vi Artificial - 51 gaagtgaaacttgaggagtctggaggagpctiggtgcaacetgg
Deimmunized | deimmunized agggtccatgaaaatctectgtgtigectetggattcactttcagtaa
J415-4 heavy chain ttactggatgaactgggtcecgecagictccagagaaggggcttga
J415-4 gtggettgetgaaattagatcgeaatetaataattitgecaacacattat
geggagtctgtgaaagggagggtcatcatctcaagagatgattce
aagagtagtgtctacctgcaaatgaacagtttgagagetgaagaca
ctgecgtttattactgtaccaggegatggaataattictggggecaa
ggcaccactgtcacagictccica
Vo Artificial - 52 aacattgtaatgacccaatttcccaaatccatgtcegecticageagg
Deimmunized | deimmunized agagaggatgaccttgacctgcaaggccagtgagaatgtgggta
J415-5 light chain cttatgtgtcctggtatcaacagaaaccaacacagicicctaagatg
J415-5 ttgatatacggggcatccaaccggttcactggggtcccagatcget
tctecggcagtggatetggaacagatttcatictgaccatcageagt
gtgcaggcagaagacctigtagattattactgtggacagagttaca
cctttccgtacacgticggaggesopaccaagetggaaatgaag
Vu Artificial - Fig. 7A 53 aagcttatgaatatgcaaatcetctgaatctacatggtaaatataggt
Deimmunized | deimmunized ttgtctataccacaaacagaaaaacatgagatcacagttctetctac
J415-1 heavy chain agttactgagcacacaggacctcaccatgggatggagctgtatca
J415-1 tectettettggtagecaacagetacaggtaaggggcetcacagtage
CDS (122- aggcttgaggtctggacatatatatgggtgacaatgacatceacttt
160) gectttetetccacaggtgtecactcegaagtgaaactigaggagt
& ctggaggaggctiggtgcaacctggagggtceatgaaaatetect
CDS (249- gtaaagcctetggattcactticagtaattactggatgaactgggtee
608) ‘| gecagactccagagaaggggcttgagtgggtigetettattagate
gcaatctaataattttgcaacacattatgeggagtetgtgaaaggga
Mature (18- gggtcatcatctcaagagatgattccaagagtagtgtctacetgea
133) aatgaacagttigagagctgaagacactgecgttiattactgtacca
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ggcgatggaataatitctggggccaaggeaccactgtcacagtet

ccteaggtgagtccttacaacoictetetictaticagettaaatagat
ittactgeattigtigggegggaaatgtgtgtatctgaatttcaggtca
tgaaggactagggacaccttgggagtcagaaagggtcatiggga

geecgggetgatgeagacagacatcctcagetecccagactteatg
gcocagagatttataggatcc

Vy Artificial - Fig. 7A 54 | MGWSCIILFLVATGVHSEVKLEESGGGLV
Deimmunized | deimmunized QPGGSMKISCKASGFTFSNYWMNWVRQT
(predicted a.a. | heavy chain PEKGLEWVALIRSQSNNFATHYAESVKGR
of SEQ ID J415-1 VISRDDSKSSVYLQMNSLRAEDTAVYYC
NO:53) TRRWNNFWGQGTTVTVSS
J415-1
Vu Artificial - Fig. 7A 55 ggatcctataaatcictggecatgaagtetgggagetgaggatgte
Deimmunized | deimmunized tgtctgeatcageecgggetcecaatgaccectttetgacteccaag
(complimentar | heavy chain gtgtcectagtccttcatgacctgaaattcagatacacacatttceec
y strand of J415-1 cccaacaaatgcagtaaaatctatttaagetgaatagaagagagag
SEQID gttgtaaggactcacctgaggagactgtgacagtggteccttgge
NO:53) cccagaaattattccatcgectggtacagtaataaacggeagtgtet
J415-1 tcagetctcaaactgttcatttgecaggtagacactactcttggaatca
tetettgagatgatgacceteectttcacagactcegeataatgtgtt
gcaaaattattagattgcgatctaataagagcaacccactcaagee
ccttetetggagtetggeggacccagticatccagtaattactgaaa
gtgaatccagaggcetitacaggagattttcatggaccctccaggttg
caccaagcctectccagactecteaagtticactticggagtggaca
cctgtggagagaaaggceaaagtggatgtcatigtcacccatatata
tgtccagacctcaagectgetactgtgagecececttacetgtagetgt
tgctaccaagaagaggatgatacagetccatcecatggtgaggte
ctgtgtgctcagtaactgtagagagaactgtgateteatgttttictgt
ttgtggtatagacaaacctatatttaccatgtagaticagaggatttg
catattcataagctt
Vo Artificial - Fig. 8A 56 | aagcttatgaatatgcaaatcctctgaatotacatggtaaatataggt
Deimmunized | deimmunized ttgtctataccacaaacagaaaaacatgagatcacagttctctetac
J415-1 light chain agttactgagcacacaggacctcaccatgggatggagetgtatca
J415-1 fcctettettggtagcaacagetacaggtaaggggctcacagtage
CDS (122- aggcttgaggtctggacatatatatgggtoacaatgacatccacttt
160) gectttctetecacaggtgtccactccaacattgtaatgacccaate
& ccecaaatccatgtcegectcagecaggagagaggatgaccttgac
CDS (249- ctgcaaggccagtgagaattceggtacttatgtgtectggtatcaac
581) agaaaccaacacagtctcctaagatgttgatatacggggcatccaa
ccggttcactggggtcccagategeticteceggeagtggatetgga
acagatttcattctgaccgecageagtgtgecaggeagaagacect
gtagattattactgtggacagagttacacctticcgtacacgticgga
ggggggaccaagetggaaatgaagegtgagtagaatttaaactit
gettcetcagttggatec
Vi Artificial - Fig. 8A 57 MGWSCILFLVATGVHSNIVMTQSPKSMS
Deimmunized | deimmunized ASAGERMTLTCKASENSGTYVSWYQQKP
(predicted a.a. | light chain TQSPKMLIYGASNRFTGVPDRFSGSGSGTD
of SEQ ID J415-1 | FILTASSVQAEDPVDYYCGQSYTFPYTFGG
NO:56) GTKLEMK
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J415-1
Vo Artificial - Fig. 8A | 58 | ggatccaactgaggaagcaaagittaaattctactcacgetteatttc
Deimmunized | deimmunized cagcttggtcecccctccgaacgtgtacggaaaggtgtaactetgt
(complimentar | light chain ccacagtaataatctacagggtettctgectgeacactgetggegg
y strand of J415-1 tcagaatgaaatctgttccagatccactgeccggagaagegateigg
SEQID gaccccagtgaaccggttggatgeeccgtatatcaacatettagga
NO:56) gactgtgttggtttetgttgataccaggacacataagtaccggaatt
J415-1 ctcactggcecttgeaggtcaaggteatectetetectgetgaggeg
gacatggatttgggggatigggtcattacaatgttggagtggacac
ctgtggagagaaaggcaaagtggatgtcatigtcacceatatatat
gtccagacctcaagcctgctactgtgagccccttacctgtagctgtt
gctaccaagaagaggatgatacagctccatcccatggtgaggtcc
tgtgtgctcagtaactgtagagagaactgtgatetcatgtttttetgtit
gtggtatagacaaacctatatitaccatgtagattcagaggattigea
fattcataagctt
Vi Artificial - Fig. 5 59 | EVKLEESGGGLVQPGGSMKISCVASGFTFS
Deimmunized | deimmunized NYWMNWVRQTPEKGLEWVALIRSQSNNF
J415-2 heavy chain ATHYAESVKGRVISRDDSKSSVYLQMNS
J415-2 LRAEDTAVYYCTRRWNNFWGQGTTVTVS
S
Vu Artificial - Fig.5 60 | EVKLEESGGGLVQPGGSMKISCVASGFTFS
Deimmunized | deimmunized NYWMNWVRQTPEKGLEWVAEIRSQSNNF
J415-3 heavy chain ATHYAESVKGRVISRDDSKSSVYLQMNS
J415-3 LRAEDTAVYYCTRRWNNFWGQGTTVTVS
S
J415 Vy (DI) | Artificial - Fig. 5 61 EVKLEESGGGLVQPGGSMKISCVASGFTFS
majority majority NYWMNWVRQTPEKGLEWVAEIRSQSNNF
sequence sequence ATHYAESVKGRVIISRDDSKSSVYLQMNS
LRAEDTAVYYCTRRWNNFWGQGTTVTVS
S
Vi Artificial - Fig. 6 62 | NIVMTQSPKSMSASAGERMTLTCKASENV
Deimmunized | deimmunized GTYVSWYQQKPTQSPKMLIYGASNRFTGV
J415-2 light chain PDRFSGSGSGTDFILTASSVQAEDPVDYYC
J415-2 GQSYTFPYTFGGGTKLEMK
Vi Artificial - Fig. 6 63 NIVMTQSPKSMSASAGERMTLTCKASENV
Deimmunized | deimmunized GTYVSWYQQKPTQSPKMLIYGASNRFTGV
J415-3 light chain PDRFSGSGSGTDFILTASSVQAEDLVDYYC
J415-3 GQSYTFPYTFGGGTKLEMK
Vi Artificial - Fig. 6 64 | NIVMTQSPKSMSASAGERMTLTCKASENV
Deimmunized | deimmunized GTYVSWYQQKPTQSPKMLIYGASNRFTGV
J415-4 light chain PDRFSGSGSGTDFILTISSVQAEDLVDYYC
J415-4 GQSYTFPYTFGGGTKLEMK
Vo Artificial - Fig. 6 65 NIVMTQFPKSMSASAGERMTLTCKASENV
Deimmunized | deimmunized GTYVSWYQQKPEQSPKMLIYGASNRFTGV
J415-6 light chain PDRFSGSGSGTDFILTISSVQAEDLVDYYC
J415-6 GQSYTFPYTFGGGTKLEMK
Vi Artificial - Fig. 6 66 | NIVMTQFPKSMSASAGERVTLTCKASENV
Deimmunized | deimmunized GTYVSWYQQKPTQSPKMLIYGASNRFTGV
J415-7 light chain PDRFSGSGSGTDFILTISSVQAEDLVDYYC
J415-7 GQSYTFPYTFGGGTKLEMK
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Vo Artificial - Fig. 6 67 NIVMTQFPKSMSAS_AGERMTLTCKASENS

Deimmunized | deimmunized GTYVSWYQQKPEQ SPKMLIYGASNRFTGV

J415-8 light chain PDRFSGSGSGTDFIL TISSVQAEDLVDYYC

J415-8 GQSYTFPYTFGGGT KLEMK

J415 V,, (DI) | Artificial - Fig. 6 68 | NIVMTQFPKSMSAS AGERMTLTCKASENV

majority majority GTYVSWYQQKPTQ SPKMLIYGASNRFTGV

sequence sequence PDRFSGSGSGTDFIL TISSVQAEDLVDYYC
GQSYTFPYTFGGGT KLEMK

MuVgIIIC Mus musculus | Fig. 7C 69 | EVKLEESGGGLVQPGGSMKLSCVASGFTF
SNYWMNWVRQSPEKGLEWVAEIRLKSDN
YATHYAESVKGRFTISRDDSKSSVYLQMN
NLRAEDTGIYYCTT GGYGGRRSWFAYWG
QGTLVTVSS '

J415Vy/MuV | Artificial - Fig. 7C 70 | EVKLEESGGGLVQPGGSMKLSCVASGFTF

gHIC majority SNYWMNWVRQSPEKGLEWVAEIRLQSDN

majority sequence FATHYAESVKGRVIISRDDSKSSVYLQMN

sequence NLRAEDTGIYYCTT GGYGGRRSWNAFWG
QGTLVTVSS

MuV,1 Mus musculus | Fig. 8C | 71 DIVMTQSPSSLAVS AGEKVTMSCKSSQSLL
NSGNQKNYLAWYQQKPGQSPKLLIYWAS
TRESGVPDRFTGSG SGTDFTLTISSVQAED
LAVYYCQNDYSYPLTFGAGTKLELK ‘

J415V/MuV | Artificial - Fig.8C| 72 DIVMTQSPSSLAVS AGEKVTLSCKASESLL

1 majority majority NVGNQKTYVAWYQQKPGQSPKLLIYGAS

sequence sequence TRESGVPDRFTGSG SGTDFILTISSVQAEDL
AVYYCGNSYSFPLTFGGGTKLELK

J533 Vyu Mus musculus | Fig. 9A 73 gaggtccagetgeageagtctggacctgagetggttaageciggg
gettcagtgaagatgtcetgeaaggcetictggatacacattcactgg

CDS (1-354) ctatgttatgcactgggtgaag cagaagectggacaggtectigag
tggattggatatattaatccttacaatgatgttactaggtataatggga
agttcaaaggcaaggccacactgacctcagacaaatattccagca
cagcctacatggagctcagcggcctgacctctgaggactctgcgg
tctattactgtgcaagaggggagaactggtactactttgactcetgg
ggecgaggegecactetcac agtetectca

J533 Vi Mus musculus | Fig. 9A | 74 EVQLQQSGPELVKPGASVKMSCKASGYTF

(predicted TGYVMHWVKQKPGQVLEWIGYINPYNDV

amino acid of TRYNGKFKGKATL TSDKYSSTAYMELSGL

SEQ ID TSEDSAVYYCARGENWYYFDSWGRGATL

NO:73) TVSS

J533 Vy Mus musculus | Fig. 9A | 75 | tgaggagactetgagagtggegecteggeeccaggagticaaagt

(complementar agtaccagttctcecctcttgcacagtaatagaccgeagagtecte

y strand of agaggtcaggeegetgagetceatgtaggetgtgetggaatatttg

SEQID tctgaggtcagtgtggectigectitgaacttcccattatacctagta

NO:73) acatcattgtaaggattaatatatccaatccactcaaggacctgtce
aggcttctgcttcacccagtgc:ataacatagccagtgaatgtgtatc
cagaagccttgcaggacatcttcactgaagccccaggcttaacca
getcaggtecagactgetgeagetggacctc

J533 Vi Mus musculus Fig. 76 | gacattgtgetgacccaatctccagettetttggetgtgtetetagga

10A cagagggccaccatatcctgCagagecagtgaaagtatigatagtt

CDS (1-333)

atgacaatacttttatgcactgestaccagcagaaaccaggacagee
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acccaacctcctcatetttcgtgeatecatectagaatetgggatee
ctgecaggttcagtggeagtgggtctgggacagacticaccetca
ccatttatcetgtggaggetgatgatgttgcaacctattactgtcace

aaagtattgaggatccgtacacgticggaggggggaccaagetg
gaaataaaa

J533 Vi, Mus musculus | Fig. 77 | DIVLTQSPASLAVSLGQRATISCRASESIDS
(predicted 10A YDNTFMHWYQQKPGQPPNLLIFRASILES
amino acid of GIPARFSGSGSGTDFTLTIYPVEADDVATY
SEQID. YCHQSIEDPYTFGGGTKLEIK
NO:76)
J533 Vi Mus musculus | Fig. 78 ttitatitccagettggteccecctecegaacgtgtacggatectcaat
(complementar 10A actttggtgacagtaataggttgcaacatcatcagectccacaggat
y strand of aaatggigagggigaagicigicccagacccacigecactgaace
SEQ ID tggecagggatceccagatictaggatggatgeacgaaagatgagg
NO:76) aggitgggtggctgtcctggtitctgetggtaccagtgeataaaagt
attgtcataactatcaatactttcactggctetgeaggatatggtgge
cctetgtectagagacacagecaaagaagetggagattgggtcag
cacaatgic
MuVyll Mus musculus | Fig. 9B 79 | EVQLQQSGPELVKPGASVKISCKASGYTFT
DYYMNNWVKQSPGKSLEWIGDINPGNGG
TSYNQKFKGKATLTVDKSSSTAYMQLSSL
TSEDSAVYYCARGYYSSSYMAYYAFDYW
GQGTTVTVSS
J533Vy/MuV | Artificial - Fig. 9B 80 | EVQLQQSGPELVKPGASVKISCKASGYTFT
plI majority majority GYVMNNWVKQSPGQVLEWIGDINPGNGG
sequence sequence TSYNGKFKGKATLTVDKSSSTAYMELSGL
: TSEDSAVYYCARGENSSSYMAYYAFDSW
A GQGATVTVSS
MuV.-3 Mus musculus | Fig. 81 DIVLTQSPASLAVSLGQRATISCRASESVDS
10B YGNSFMHWYQQKPGQPPKLLIYAASNLES
GVPARFSGSGSGTDFTLNIHPVEEDDAATY
YCQQSNEDPPWTFGGGTKLEIK
J533Vy/ Artificial - Fig. 82 | DIVLTQSPASLAVSLGQRATISCRASESVDS
MuVy-3 majority 10B YGNSFMHWYQQKPGQPPNLLIFAASILES
majority sequence GVPARFSGSGSGTDFTLTIHPVEADDAATY
sequence YCQQSIEDPPYTFGGGTKLEIK
E99 Vy Mus musculus Fig. 83 caggtgcagctaaaggagtcaggacctggectggtggegtecte
11A acagagcctgtccatcacatgcaccgtctcaggattctcattaace
CDS (1-363) gectatggtattaactgggttecgecagectccaggaaagggtetgg
agtgectgggagtgatatggcctigatggaaacacagactataatic
aactctcaaatccagactgaacatcttcaaggacaactccaagaac
caagttticttaaaaatgagcagtticcaaactgatgacacagccag
atacttctgtgccagagattcgtatggtaacticaagaggggttggtt
tgacttctgggszccagggcaccactctdacagtctcctca
E99 Vy Mus musculus Fig. 84 | QVQLKESGPGLVASSQSLSITCTVSGFSLT
(predicted 11A AYGINWVRQPPGKGLEWLGVIWPDGNTD
amino acid of YNSTLKSRLNIFKDNSKNQVFLKMSSFQT
SEQ ID DDTARYFCARDSYGNFKRGWFDFWGQGT
NO:83) TLTVSS
E99 Vy Mus musculus Fig. 85 tgaggagactgtgagagtgetoccctggeeccagaagtcaaace
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(complementar 11A aaccccicttgaagttaccatacgaatctetggcacagaagtatetg
y strand of getgtgtcatcagtttggaaactgetcattittaaga aaacttggttctt
SEQID ggagtigicetigaagatgttcagtetggattigagagttgaattata
NO:83) gtctgtgtttccatcaggccatatcactcccagccactccagaccct
ttectggaggotggegaacccagttaataccataggeggtiaatga
gaatcctgagacggtgcatgtgatggacaggetctgtgaggacge
caccaggccaggtectgactectttagetgeacctg
E99 V., Mus musculus | Fig. 86 | aacattgtgatgacccagtctcaaaaattcatgtccacatcaccagg
12A agacagggtcagggtcacctgcaaggecagicagaatgtgggtt
CDS (1-321) ctgatgtagectggtatcaagcgaaaccaggacaatctcctagaat
actgatttactcgacatcctaccgttacagtggggtecctgategett
cacagcctatggatctgggacagatitcactctca ccattaccaatg
tgcagtctgaagactigacagagtatticigtcagcaatataataget
atcctctcacgticggtgetgggaccaagetgga getgaaa
E99 V,, Mus musculus | Fig. 87 | NIVMTQSQKFMSTSPGDRVRVIT CKASQNV
(predicted 12A GSDVAWYQAKPGQSPRILIYSTSYRYSGVP
amino acid of DRFTAYGSGTDFTLTIINVQSEDLTEYFCQ
SEQID QYNSYPLTFGAGTKLELK
NO:86)
E99 Vy, Mus musculus | Fig. 88 tttcageticcagettggtcccageaccgaacgtgagaggatageta
(complementar 12A ttatattgctgacagaaatactetgtcaagicticagsactgeacattg
y strand of gtaatggtgagagtgaaatctgtcccagatccata ggetgtgaage
SEQID gatcagggaccccactgtaacggtaggatgtcgagtaaatcagta
NO:86) ttctaggagattgteetggtttcgettgataccaggctacatcagaac
ccacattctgactggectigeaggtgacectgaccetgtetectggt
gatgtggacatgaatittigagactgggicatcacaatgtt
MuVylB Mus musculus Fig. 89 QVQLKESGPGLVASSQSLSITCT VSGFSLT
11B AYGINWVRQPPGKGLEWLGVIWPDGNTD
YNSTLKSRLNIFKDNSKNQVFLKMSSFQT
DDTARYFCARDSYGNFKRGWFDFWGQGT
TLTVSS
E99Vy/MuVy | Artificial - Fig. 90 QVQLKESGPGLVASSQSLSITCT VSGFSLT
1B majority 11B AYGINWVRQPPGKGLEWLGVIWPDGNTD
majority sequence YNSTLKSRLNIFKDNSKNQVFLKMSSFQT
sequence DDTARYFCARDSYGNFKRGWFDFWGQGT
TLTVSS
MuV,-1 Mus musculus | Fig. 91 DIVMTQSPSSLAVSAGEKVTMS CKSSQSLL
12B NSGNQKNYLAWYQQKPGQSPKLLIYWAS
TRESGVPDRFTGSGSGTDFTLTISSVQAED
LAVYYCQNDYSYPLTFGAGTKL_ELK
E99V,/MuVy, | Artificial - Fig. 92 | DIVMTQSQSSLAVSAGDKVTVS CKASQSL
-1 majority 12B LNVGSDKNYVAWYQAKPGQSPKLLIYSAS
majority sequence TRESGVPDRFTGSGSGTDFTLTISSVQAED
sequence LAVYFCQNDNSYPLTFGAGTKIL_ELKRA
[00171] Humanized or CDR-grafted antibody molecules or immunoglobulin s can be

produced by CDR-grafting or CDR substitution, wherein one, two, or all CDRs of an

immunoglobulin chain can be replaced. See e.g., U.S. Patent 5,225,539; Jones et al. 1986 Nature
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321:552-525; Verhoeyan et al. 1988 Science 239:1534; Beidler et al. 1988 J. Immunol.
141:4053-4060; Winter US 5,225,539, the contents of all of which are hereby expressly
incorporated by reference.

[00172] Winter describes a CDR-grafting method that may be used to prepare the
humanized antibodies of the present invention (UK Patent Application GB 21886384, filed on
March 26, 1987; Winter US 5,225,539), the contents of which is expressly incorporated by
reference. All of the CDRs of a particular human antibody may be replaced with at least a
portion of a non-human CDR or only some of the CDRs may be replaced with non-human
CDRs. It is only necessary to replace the number of CDRs required for binding of the

humanized antibody to a predetermined antigen.

[00173] Humanized antibodies can be generated by replacing sequences of the Fv ~variable
region that are not directly involved in antigen binding with equivalent sequences from h-uman
Fv variable regions. General methods for generating humanized antibodies are provided by
Morrison, S. L., 1985, Science 229:1202-1207, by Oi et al., 1986, BioTechniques 4:214, and by
Queen et al. US 5,585,089, US 5,693,761 and US 5,693,762, the contents of all of which are
hereby incorporated by reference. Those methods include isolating, manipulating, and
expressing the nucleic acid sequences that encode all or part of immunoglobulin Fv variable
regions from at least one of a heavy or light chain. Sources of such nucleic acid are well known
to those skilled in the art and, for example, may be obtained from a hybridoma producing; an
antibody against a predetermined target, as described above. The recombinant DNA encoding
the humanized antibody, or fragment thereof, can then be cloned into an appropriate expression
vector.

[00174] Also within the scope of the invention are humanized antibodies in which specific
amino acids have been substituted, deleted or added. In particular, preferred humanized
antibodies have amino acid substitutions in the framework region, such as to improve bin ding to
the antigen. For example, a selected, small number of acceptor framework residues of the
humanized immunoglobulin chain can be replaced by the corresponding donor amino acils.
Preferred locations of the substitutions include amino acid residues adjacent to the CDR, or
which are capable of interacting with a CDR (see e.g., US 5,585,089). Criteria for selecting
amino acids from the donor are described in US 5,585,089, e.g., columns 12-16 of US 5,585,089,
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the contents of which are hereby incorporated by reference. The acceptor framework can be‘a
mature human antibody framework sequence or a consensus sequence.

[00175] As used herein, the term "consensus sequence” refers to the sequence form ed from
the most frequently occurring amino acids (or nucleotides) in a family of related sequences (See
e.g., Winnaker, From Genes to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). dn a

* family of proteins, each position in the consensus sequence is occupied by the amino acid ©ccurring
most frequently at that position in the family. If two amino acids occur equally frequently., either
can be included in the consensus sequence. A "consensus framework" refers to the framevwork

region in the consensus immunoglobulin sequence.

[00176] Other techniques for humanizing antibodies are described in Padlan et al . EP
519596 Al, published on December 23, 1992.
[00177] The anti-PSMA antibody, or antigen fragment thereof, may also be modi fied by

specific deletion of human T cell epitopes or "deimmunization" by the methods discloseed in WO
98/52976 and WO 00/34317, the contents of which are specifically incorpdrated by refexence
herein. Briefly, the murine heavy and light chain variable regions of an anti-PSMA anti body can
be analyzed for peptides that bind to MHC Class IT; these peptides represent potential T—cell
epitopes (as defined in WO 98/52976 and WO 00/34317). For detection of potential T-cell
epitopes, a computer modeling approach termed “peptide threading” can be applied, and. in
addition a database of human MHC class II binding peptides can be searched for motifs present
in the murine Vy and Vi, sequences, as described in WO 98/52976 and WO 00/34317. These
motifs bind to any of the 18 major MHC class II DRlallotypes, and thus constitute poten-tial T
cell epitopes. Potential T-cell epitopes detected can be eliminated by substituting small mumbers
of amino acid residues in the variable regions, or preferably, by single amino acid substitutions.
As far as possible conservative substitutions are made, ofien but not exclusively, an amino acid
common at this position in human germline antibody sequences may be used. Human germline
sequences are disclosed in TomliNSOn, LA. et al. (1992) J. Mol. Biol. 227:776-798; Cook, G. P.
et al. (1995) Immunol. Today Vol. 16 (5): 237-242; Chothia, D. et al. (1992) J. Mol. Bio..
227:799-817. The V BASE directory provides a comprehensive directory of human
immunoglobulin variable region sequences (compiled by TomliNSOn, LA. et al. MRC Centre for
Protein Engineering, Cambridge, UK). After the deimmunized Vg and V., of an anti-PSTMA

antibody are constructed by mutagenesis of the murine Vi and Vi, genes. The mutagenized
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variable sequence can, optionally, be fused to a human constant region, €.g., human IgG1 or ¥
constant regions. In one embodiment, the human constant region can be a light chain constant
region of Figure 24 (SEQ ID NO:130), or a light chain constant region having that least one, two,
three, four, five but not more than 10, 15, 20 amino acid residues that differ from the light chain
constant region of Figure 24 (SEQ ID NO:130). In another embodimént, the human constant
region can be a heavy chain constant region of Figure 25 (SEQ ID NO:132), or a heavy chain
constant region having that least one, two, three, four, five but not more than 10, 15, 20 amino
acid residues that differ from the heavy chain constant region of Figure 25 (SEQ ID NO:132).
Preferably, the anti-PSMA antibody includes at least part of both the light chain constant region
(of SEQ ID NO:130) and the heavy chain constant region (of SEQ ID NO:132), or constant
regions that vary by at least one, two, three, four, five but not more than 10, 15, 20 amino acid
residues from the light chain constant region or heavy chain constant region depicted in Figures
24 (SEQ ID NO:130) and 25 (SEQ ID NO:132), respectively.

[00178] In some cases a potential T cell epitope will include residues which are known or
predicted to be important for antibody function. For example, potential T cell epitopes are
usually biased towards the CDRs. In addition, potential T cell epitopes can occur in framework
residues important for antibody structure and binding. Changes to eliminate these potential
épitopes will in some cases require more scrutiny, e.g., by making and testing chains with and
without the change. Where possible, potential T cell epitopes that overlap the CDRs were
eliminated by substitutions outside the CDRs. In some cases, an alteration within a CDR is the
only option, and thus variants with and without this substitution should be tested. In other cases,
the substitution required to remove a potential T cell epitope is at a residue position within the
framework that might be critical for antibody binding. In these cases, variants with and without
this substitution should be tested. Thus, in some cases several variant deimmunized heavy and
light chain variable regions were designed and various heavy/light chain combinations tested in
order to identify the optimal deimmunized antibody. The choice of the final deimmunized
antibody can then be made by considering the binding affinity of the different variants in
conjunction with the extent of deimmunization, i.e., the number of potential T cell epitopes

remaining in the variable region.
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[00179] The récombina;ﬁt deimmunized antibody can be transfected into a suitable host
cell for expression, for example, NSO or CHO cells, to produce complete recombinant
antibodies.
[00180] In one embodiment, deimmunized Vy and Vi of murine J591 regions were
constructed by mutagenesis of the murine Vy and Vi genes. The murine J591 variable region
sequences are shown in Figures 1A-1B. Potential epitopes (identified using a peptide threading
program) in murine J591 heavy chain and light chain variable regions are shown in Figures 3A
and 3B, respectively. The 13-mer peptides predicted to bind to MHC class II are indicated by
the underline, the CDRs are located at residues 26 to 35, 50 to 66, and 99 to 104 of Figure 3A
and residues 24 to 34, 50 to 56, and 89 to 97 of Figure 3B, and residues altered in the
deimmunized heavy and light chain variable regions are boxed. Where possible, amino acid
substitutions are those commonly used in human germline heavy and light chain variable
regions. In addition to the in silico analysis using the peptide threading software, a database of
human MHC class II binding peptides was searched for motifs present in the murine J591
sequence.
[00181] The following 13-mers (labeled by first linear residue number of the 13-mer) of
the murine J591 heavy chain variable region were predicted to bind to MHC Class II were 2, 10,
16, 30, 32, 35, 43, 46, 58, 62, 70, 81, 84, 91, and 100 (Figure 3A). An explanation of the
rationale behind changes made to the residues in the murine J591 heavy chain variable region is
set forth below (note residues altered are identified under the Kabat numbering system):

5Q—V removes the potential epitope at residue 2;

11,12L.V—>VK remove the potential epitope at residue 10;

12V—K is also changed to remove a motif from the database of human MHC

class II binding peptides;t

16,17TS—AT, and 19R—K remove the potential epitope at residue 16;

the epitope at residue 30 spans CDR1 and is therefore unaltered;

40,41SH—>AP removes potential epitopes at residues 32 and 35;

44S—>G reduces binding score for epitope at 43, this 13 mer spans CDR2;

the epitopes at residues 46, 58 and 62 span CDR2, and are thus unaltered;

75,76SS—TD remove the potential epitope at residue 70;

82aR—S, 83T—R remove potential epitopes at residues 81and 84;
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[00182]

87S—T this change made to remove a motif from the database of human MHC

class II binding peptides;
the epitope at residue 91 spans CDR3 and is therefore unaltered; and
108T—L removes the potential epitope at residue 100.

The following 13-mers (labeled by first linear residue number of the 13-mer) of

the murine J591 light chain variable region that were predicted to bind to MHC Class II
molecules were 1, 8, 17, 27, 30, 31, 35, 45, 47, 56, 60, 71, 73, 81, 94 (Figure 3B). An

explanation of the rationale behind changes made to the residues in the murine J591 light chain

variable region is set forth below (note residues altered are identified under the Kabat numbering

system):

3V—Q removes potential epitope at residue 1;

8-11HKFM—PSSL removes potential epitope at residue (1 3);

20-22STI>TLT removes potential epitopes at residues 17 and 20;

21I-L is also changed to remove a motif from the database of human MHC class
II binding peptides;

the epitope at residue 27 spans CDR1 and is therefore unaltered;

42Q—>P reduces the binding score for the epitope at residue 31;

the e}éitopes at residues 44 and 47 span CDR2 and are thus uhaltered;

58V—>1 is changed to remove a motif from the database of human MHC class II
binding peptides;

60D—>S, 62T—S removes the epitopes at residues 56 and 60,

76-78TNV—>SSL, 80S—P, 83L—F removes the epitopes at residues 71, 73, 76,
and 81; '

87F—Y I is changed to remove a motif from the database of human MHC class II
binding peptides; |

100 A—P and 103 M—K remove the epitope at residue 94; and

104 L—>V and 106 L—1 are changed to remove a motif from the database of

human MHC class II binding peptides.
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[001 83] The amino acid and nucleotide sequences for the deimmunized J591 heavy and
light chain vériable regions are shown in Figures 2A-2B and 4A-4B, respectively (see also

Table 8).

[00184] Human IgG1 or k constant regions were added and the composite genes
transfected into NSO cells to produce complete recombinant anti-PSMA antibodies. These
antibodies boﬁnd to PSMA (on LNCap cells) as efficiently as the original murine antibody, and
have reduced or no immunogenicity in man.

[00185] The design of deimmunized J415 was similar to the making of the deimmunized
J591 antibody. The heavy and light chain sequences were cloned from the hybridoma designated
HB-12109. These sequences were cloned, sequenced and expressed as a chimeric antibody for
use as a control antibody. The murine V region sequences were subjected to peptide threading to
identify potential T cell epitopes, through analysis of binding to 18 different human MHC class
II allotypes. The results of the peptide threading analysis for the murine sequences are shown in

Table 9.

Table 9: Potential T cell epitopes in murine J415 sequences

Sequence Number of Location of potential epitopes+ (no. of
potential T cell potential MHC binders from 18 groups
tested)
Murine J415 Vy 12 10(17), 16(13), 21(9), 30(6), 35(16), 43(8),
46(6), 49(8), 64(6), 80(15), 86(15), 104(6)
Murine J415 Vg 13 5(5), 11(18), 13(11), 17(5), 27(8), 31(7),
56(15), 60(12), 70(5), 71(11), 73(17), 76(7),
81(17)

*first amino acid of potential epitope, numbering E or N amino acid number! to S or K amino acid number 107 and

116 for Vy and Vi respectively.

[00186] Primary deimmunized Vy and V1, sequences were defined (J415D1VHI,
J415DIVK]I). As generation of the primary deimmunized sequences requires a small number of
amino acid substitutions that might affect the binding of the final deimmunized molecule, three
other variant VS and seven other V.S were designed (see Figures 5 and 6). The nucleotide
sequences for the primary deimmunized Vi and Vi regions are shown in Figures 7A and 8A,
respectively. Comparisons of the amino acid sequences of the murine and deimmunized V

regions of J415 are shown in Figure 5 for Vy and Figure 6 for V1.
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[001 87] An explanation of the rational behind some of the changes made to the residues in
the murine J415 heavy chain variable region is set forth below (note residues altered are
identified according to the linear numbering shown in Figure 5):

20L~ I removes the potential epitope at residues 10 and 16,

87N-> S removes the potential epitopes at residues 80 and 86;

94,95GI—~ AV remove the potential epitope at residue 86; and

112L~ V removes the potential epitope at residue 104.
[00188] An explanation of the rational behind some of the changes made to the residues in
the murine J415 light chain variable region is set forth below (note residues altered are identified
according to the linear numbering shown in Figure 6):

131 A removes the potential epitopes at residues 5, 11 and 13;

15V A removes the potential epitopes at residues 5, 11, and 13;

19V-M removes the potential epitopes at residues 11, 13, and 17;

41E-T removes the potential epitope at residue 31;

63T-S removes the potential epitopes at residues 56 and 60;

68A-G removes the potential epitopes at residues 56 and 60; and

80T-A removes the potential epitopes at residues 70, 71, 73, and 76;
[00189] The deimmunized variable regions for J415 were constructed by the method of
overlapping PCR recombination. The cloned murine Vy and Vi genes were used as templates
for mutagenesis of the framework regions to the required deimmunized sequences. Sets of
mutagenic primer pairs were synthesized encompassing the regions to be altered. The vectors
VH-PCR1 and VK-PCRI (Riechmann et al. (1988) Nature 332:323-7) were used as templates to
introduce 5' flanking sequence including the leader signal peptide, leader intron and the murine
immunoglobulin promoter, and 3' flanking sequence including the splice site, and intron
sequences. The deimmunized V regions produced were cloned into pUCI9 and the entire DNA
sequence was conﬁrméd to be correct for each deimmunized Vy and V7.
[00190] The deimmunized heavy and light chain V-region genes were excised from
pUC19 as Hindlll to BamHI fragments, which include the murine heavy chain immunoglobulin
promoter, the leader signal peptide, leader intron, the Vi or V1. sequence and the splice site.

These were transferred to the expression vectors pSVgpt and pSV#yg, which include human IgGl
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or k constant regions respectively and markers for selection in mammalian cells. The DNA
sequence was confirmed to be correct for the deimmunized Vy and Vi in the expression vectors.
[00191] For the transfection of expression vectors pSV gptJ415VHHulgG1 and
pSVhygl415VKHuCK into NSO (a non-immunoglobulin producing mouse myeloma, obtained
from the European Collection of Animal Cell Cultures, Porton UK (ECACC No. 85110503))
cells, 3 and 6 ﬁg of plasmid DNA respectively was prepared and then linearized with Pyul to
improve transfection efficiency. The ethanol precipitated DNA was then mixed with a semi-
confluent flask of NSO cells that had been harvested by centrifugation and resuspended in 0.5 ml
of non-selective Dulbecco's Modified Eagle's Medium (DMEM)(Life Technologies Inc.) in a 0.4
cm gene pulser cuvette. The cells and DNA were chilled on ice for 5 minutes before a pulse of
170V, 960uF was applied. The cuvette was returned to ice for a further 20 minutes before being
transferred to a 75cm? flask containing 20mls non-selective DMEM to recover for 24 hours. The
cells were then harvested and resuspended in selective DMEM and plated over 4x96 well plates,
200 pl/well. A similar protocol was followed for the transfection of expression vectors encoding
the deJ591 antibody heavy chain and light chain subunits into NSO cells.

[00192] To culture, select, and expand NSO cell lines, the cells are grown at 37°C, 5%CO,
and 10% FBS. To prepare non-selective medium for routine culture of NSO cells, the culture
medium is Dulbecco's Modification of Eagle's Medium (DMEM)(Life Technologies, Catalogue
No: 31965-023) supplemented with 10% fetal bovine serum of USA origin (Life Technologies,
Fetal Bovine Serum Cat No: 16000), Antibiotic/Antimycotic solution (Life Technologies, Cat
No: 15240), Gentamycin (Life Technologies, catalogue No: 15710), Sodium pyruvate (Life
Technologies, Catalogue No: 11360-039). When growing NSO cells up to saturation for
antibody production do not add the xanthine and mycophenolic acid and the FBS is reduced to
5%.

[00193] To prepare selective medium for culture of NSO transfectomas, the culture
medium is Dulbecco's Modification of Eagle's Medium (DMEM)(Life Technologies, Catalogue
No: 31965-023) supplemented with 10% fetal bovine serum of USA origin (Life Technologies,
Fetal Bovine Serum Cat No: 16000), Antibiotic/Antimycotic solution (Life Technologies, Cat
No: 15240), Gentamycin (Life Technologies, catalogue No: 15710), Sodium pyruvate (Life ‘
Technologies, Catalogue No: 11360-039), 250 pg/ml xanthine (Sigma Catalogue No: X-3627,
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stock made up at 25 mg/ml in 0.5M NaOH), and 0.8 ug/ml mycophenolic acid (Sigma Catalogue
No: M-3536, stock made up at 2.5 mg/ml in 100% ethanol).
[00194] After approximately 10 days the cell colonies expressing the gpt gene were visible
to the naked eye. The plates were then screened for antibody production using the following
protocol for human IgGl/x Screening ELISA. 6 single colonies were picked from wells with
high ODs greater than 0.7 into a 24 well cell culture plate. Within 5-6 days the cells were
expanded into a 25 cm? flask. The antibody productivity of the selected clones was assayed using
the following protocol for human IgGl/x ELISA from saturated cultures in the 24 well and
25cm” flasks. ‘
[00195] The details of the protocol are as follows. ELISA plates (Dynatech Immulon 2)
are coated with 100 pL per well with sheep o human x antibody (The Binding Site Cat No:
AUO015) diluted 1:1000 in carbonate/bicarbonate coating buffer pH9.6 (Sigma Cat: C-3041). The
coated plate is incubated at 4°C overnight or 1 hr at 37°C. The plate is then washed 3 times with
PBST (PBS with 0.05%Tween 20). The samples are added, 100 uL per well from 24 well plates,
25 pL +75 pL PBST for 96 well plates. Blank wells are treated with PBST only. The réaction
mixture is incubated at room temperature for 1 hr. Then, the plate is wash 3 times with PBST
(PBS with 0.05%Tween 20). The secondary antibody, peroxidase conjugated sheep o human
IgG 7 chain specific is added (The Binding Site Cat No: APO04) at a ratio of 1:1000 in PBST,
100 pL per well. The mixture is incubated at room temperature for 1 hour. The mixture is then
‘washed 3 times with PBST (PBS with 0.05%Tween 20).
[00196] To make up the substrate, one tablet (20 mg)of OPD (o-PHENYLENE
DIAMINE) (Sigma Cat No: P-7288) is dissolved in 45 ml of H,0 plus Sml 10 x peroxidase
buffer (make 10 x peroxidase buffer with Sigma phosphate citrate buffer tablets pH 5.0, P-4809),
add 10 pL 30%(w/w) hydrogen peroxide (Sigma Cat No: H1109) just before use. The substrate
is then added at 100uL per well and incubate RT for 5 min or as required. When the color
develops, the reaction can be stopped by adding 25 pL 12.5% H>SO4. The results are read at 492

nm.

Expression and expansion of J591 and J415 Deimmunized Antibodies
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[00197] The clones with the highest productivity were expanded into a 75 cm? flask and
then into 2x 175 cm? flasks. The cells from one of the 175 cm? flask was used to inoculate 4x
triple layer flasks (500 cm®, Nalge Nunc International) containing non selective DMEM
containing 5% FBS, cells from the other were frozen as detailed in the protocol for freezing NSO
cells detailed below.

[00198] To cryoprotect mammalian cells and resurrect cells from liquid nitrogen, the
following materials are needed: Fetal Bovine serum (Life Technologies Cat No: 16000), DMSO
(Sigma, Cat No: D4540), 2 ml cryotubes (Nunc or Greiner), and polystyrene box with walls 1 - 2
cm thick. Briefly, actively growing cells are harvested by centrifugation (1000 rpm, 5 min) and
resuspended at about 107 cells/ml in 10% DMS0/90% FBS. As a rough guide, cells grown to a
semi-confluency should be resuspended in 1 ml for a 75 cm” flask or 2.5 ml fora 175 cm” flask.
A required number of tubes are cooled and labeled in ice. 1 ml portions are aliquoted to labeled
cryotubes. The cryotubes are placed in polystyrene box at —70°C for at least 4 h, or overnight.
The vials are transferred to canes and place in liquid nitrogen. A record of the storage should be
made both in the canister index and the central cell line indexing system.

[00199] To thaw the cells from liquid nitrogen, the vial is removed from liquid nitrogen
and contents are thawed quickly by incubation at 37°C, while swirling in a waterbath. The
outside of the vial is cleaned with 70% methylated spirits. The suspension is transferred to a
universal container. 10 ml of the medium to be used to propagate the cell line is added dropwise,
swirling to mix. The cells are harvested by centrifugation (1000 rpm, 5 min). The supernatant is
discarded. The cells are resuspended in 20 ml growth medium and transfer to a 75 cm?’ flask. If
low viability is suspected, extra serum can be added to the growth medium to 20%, use only 5
ml, and transfer to a 25 cm® flask. ‘

[00200] After 10-14 days the 500 ml to 1 liter static saturated cultures were harvested.
Antibody was purified, by ProSepA (Millipore Ltd.) affinity chromato graphy using the following
protocol for antibody purification. The purified antibody preparation was sterilized by filtration
and stored at 4°C.

[00201] The antibody purification protocol is as follows: NSO transfectoma cell line
producing antibody is grown in DMEM 5% FCS in Nunc Triple layer flasks, 250 ml per flask
(total volume 1L.) for 10 - 14 days until nearing saturation. Conditioned medium collected and

spun at 3000 rpm for 5 min in bench centrifuge 5 mins to remove cells. 1/10™ volume 1M Tris-
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HCI pH 8 (Sigma Cat: T3038) is then added to cell supernatant to make this 0.1 M Tris-HCI
pHS. 0.5 to 1 ml Prosep A (Millipore Cat: 113 111824) is added and stirred overnight at room
temperature. Prosep A collected by spinning at 3000 rpm for 5 mins then packed into a Biorad
Poly-Prep column (Cat: 73 1-1550). The column is washed with 10ml PBS, then eluted in 1ml
fractions with 0.1M Glycine pH 3.0. Each fraction is collected into a tube containing 100
microL 1M Tris-HC1 pH 8 (Sigma, as above). Absorbance of each fraction is measured at 280
nm. Fractions containing the antibody are pooled and dialyzed against PBS overnight at room
temperature. The preparation is sterilized by filtration through a 0.2 micron syringe filter and the
absorbance of each fraction is measured at 280nm. The antibody concentration is determined by
ELISA for human IgG.

[00202] The purified antibody can be quantified using the protocol for Human IgGl/x
ELISA described above. ‘

Testing of J415 Deimmunized antibodies

[00203] ~The J415 deimmunized antibodies (including various combinations of the
deimmunized light chain and heavy chain subunits) were tested in an ELISA for binding to
LNCap membrane preparation following the protocol as detailed above. ELISA plates were
coated with LNCap membrane preparation and blocked with 5% BSA in phosphate buffered
saline. Doubling dilutions of the J415 chimeric antibody (murine variable heavy and light chain
regions fused to human constant heavy and light chain regions, respectively) and the
deimmunized antibodies were applied. Detection was with horseradish peroxidase conjugated
goat anti-human IgG and donkey anti-mouse for chimeric and mouse antibodies respecﬁvely.
Color was developed with o-phenylene diamine substrate.

[00204] The antibody composed of deimmunized J415 heavy chain version 4 combined
with deimmunized J415 light chain version 5 shows equivalent binding to LNCap cells as
compared to the chimeric antibody. Also, when DIVKS is combined with heavy chain versions
1 and 2, binding to LNCap cells is equivalent to that of the chimeric antibody when tissue culture
supernatant is analyzed. These data can be confirmed with purified antibody. When light chains
1, 2, 3 were combined with any of the J415 heavy chain versions 1, 2, 3, and 4 no antibody was

produced. Deimmunized J415 light chain versions 1, 2, and 3 may be defective on structural
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grounds. The best chain combination for higher affinity and decreased immunogenicity is
DI1VH4/DIVKS.

[00205}) The antibody composed of deimmunized heavy chain version 4 combined with
deimmunized light chain version 5 showed equivalent binding to LNCap compared to the
chimeric antibody. Also, when DIVKS is combined with heavy chain versions 1 and 2, binding
to LNCap cells is two-fold less than that of the chimeric when purified antibody is analyzed.
[00206] Monoclonal anti-PSMA antibodies can also be generated by other methods known
to those skilled in the art of recombinant DNA technology.

[00207] Anti-PSMA antibodies that are not intact antibodies are also useful in this
invention. Such antibodies may be derived from any of the antibodies described above. For
example, antigen-binding fragments, as well as full-length monomeric, dimeric or trimeric
polypeptides derived from the above-described antibodies are themselves useful. Useful
antibody homologs of this type include (i) a Fab fragment, a monovalent fragment consisting of
the VL, VH, CL and CH1 domains; (ii) a F(ab"), fragment, a bivalent fragment comprising two

Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting of
the VH and CH1 domains; (iv) a Fv fragment consisting of the VL and VH domains of a single
arm of an antibody, (v) a dAb fragment (Ward et al., (1989) Nature 341:544-546), which
consists of a VH domain; and (vi) an isolated complementarity determining region (CDR), e.g.,
one or more isolated CDRs together with sufficient framework to provide an antigen binding
fragment. Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for
by separate genes, they can be joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which the VL and VH regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al. (1988) Science
242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single
chain antibodies are also intended to be encompassed within the term "antigen-binding fragment”
of an antibody. These antibody fragments are obtained using conventional techniques known to
those with skill in the art, and the fragments are screened for utility in the same manner as are
intact antibodies.

[00208] Antibody fragments may also be produced by chemical methods, e.g., by cleaving

an intact antibody with a protease, such as pepsin or papain, and optionally treating the cleaved
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préduct with a reducing agent. Alternatively, useful fragments may be produced by using host
cells transformed with truncated heavy and/or light chain genes.

[00209] Monoclonal, chimeric, humanized, deimmunized antibodies, which have been
modified by, e.g., deleting, adding, or substituting other portions of the antibody, e.g., the
constant region, are also within the scope of the invention. For example, an antibody can be
modified as follows: (i) by deleting the constant region; (ii) by replacing the constant region
with another constant region, e.g., a constant region meant to ihcrease half-life, stability or
affinity of the antibody, or a constant region from another species or antibody class; or (iii) by
modifying one or more amino acids in the constant region to alter, for example, the number of
glycosylation sites, effector cell function, Fc receptor (FcR) binding, complement fixation,
among others.

[00210] In one embodiment, the constant region of the antibody can be replaced by
another constant region from, e.g., a different species. This replacement can be carried out using
molecular biology techniques. For example, the nucleic acid encoding the VL or VH region ofa
antibody can be converted to a full-length light or heavy chain gene, respectively, by operatively
linking the VH or VL-encoding nucleic acid to another nucleic acid encoding the light or heavy
chain constant regions. The sequences of human light and heavy chain constant region genes are
known in the art. Preferably, the constant region is human, but constant species from other
species, e.g., rodent (e.g., mouse or rat), primate, camel, rabbit can also be used. Constant
regions from these species are known in the art (see e.g., Kabat, E.A., et al. (1991) Sequences of
Proteins of Inmunological Interest, Fifth Edition, U.S. Department of Health and Human
Services, NIH Publication No. 91-3242).

[00211] Methods. for altering an antibody constant region are known in the art. Antibodies
with altered function, e.g. altered affinity for an effector ligand, such as FcR on acell, or the C1
component of complement can be produced by replacing at least one amino acid residue in the
constant portion of the antibody with a different residue (see e.g., EP 388,151 Al, US 5,624,821
and US 5,648,260, the contents of all of which are hereby incorporated by reference). Similar
type of alterations could be described which if applied to the murine, or other species
immunoglobulin would reduce or eliminate these functions.

[00212] An anti-PSMA antibody, or antigen-binding fragment thereof, can be derivatized

or linked to another functional molecule (e.g., another peptide or protein). Accordingly, the
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antibodies and antibody portions of the invention are intended to include derivatized and
otherwise modified forms of the antibodies described herein, including immunoadhesion
molecules. For example, an antibody or antibody portion of the invention can be functionally
Jinked (by chemical coupling, genetic fusion, noncovalent association or otherwise) to one or
more other molecular entities, such as another antibody (e.g., a bispecific antibody or a diabody),
a detectable agent, a cytotoxic agent, a pharmaceutical agent, and/or a protein or peptide that can
mediate association of the antibody or antibody portion with another molecule (such as a
streptavidin core region or a polyhistidine tag).

[00213] One type of derivatized antibody is produced by crosslinking two or more
antibodies (of the same type or of different types, e.g., to create bispecific antibodies). Suitable
crosslinkers include those that are heterobifunctional, having two distinctly reactive groups
separated by an appropriate spacer (e.g., m-maleimidobenzoyl-N-hydroxysuccinimide ester) or
homobifunctional (e.g., disuccinimidyl suberate). Such linkers are available from Pierce
Chemical Company, Rockford, IL.

[00214] Useful detectable agents with which an antibody or antibody portion of the
invention may be derivatized (or labeled) to include fluorescent compounds, various enzymes,
prosthetic groups, luminescent materials, bioluminescent materials, fluorescent emitting metal
atoms, e.g., europium (Eu), and other lanthanides, and radioactive materials (described below).
Exemplary fluorescent detectable agents include fluorescein, fluorescein isothiocyanate,
rhodamine, 5-dimethylamine- 1-napthalenesulfonyl chloride, phycoerythrin and the like. An
antibody may also be derivatized with detectable enzymes, such as alkaline phosphatase,
horseradish peroxidase, B-galactosidase, acetylcholinesterase, glucose oxidase and the like.
When an antibody is derivatized with a detectable enzyme, it is detected by adding additional
reagents that the enzyme uses to produce a detectable reaction product. For example, when the
detectable agent horseradish peroxidase is present, the addition of hydrogen peroxide and
diaminobenzidine leads to a colored reaction product, which is detectable. An antibody may also
be derivatized with a prosthetic group (e.g., streptavidin/biotin and avidin/biotin). For example,
an antibody may be derivatized with biotin, and detected through indirect measurement of avidin
or streptavidin binding, Examples of suitable fluorescent materials include umbelliferone,

fluorescein, fluorescein isothiocyanate, thodamine, dichlorotriazinylamine fluorescein, dansyl
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chloride or phycoerythrin; an example of a luminescent material includes luminol; and examples
of bioluminescent materials include luciferase, luciferin, and aequorin.

[00215] Labeled antibodies can be used, for example, diagnostically and/or experimentally
in a number of contexts, including (i) to isolate a predetermined antigen by standard techniques,
such as affinity chromatography or immunoprecipitation; (i) to detect a predetermined antigen
(e.g., in a cellular lysate or cell supernatant) in order to evaluate the abundance and pattern of
expression of the protein; (iii) to monitor protein levels in tissue as part of a clinical testing
procedure, e.g., to determine the efficacy of a given treatment regimen.

[00216] An anti-PSMA antibody or antigen-binding fragment thereof may be conjugated
to a another molecular entity, typically a label or a therapeutic (e.g., a cytotoxic or cytostatic)
agent or moiety.

[00217] Radioactive isotopes can be used in diagnostic or therapeutic applications.
Radioactive isotopes that can be coupled to the anti-PSMA antibodies include, but are not
limited to a-, -, or y-emitters, or - and y-emitters. Such radioactive isotopes include, but are
not limited to iodine (**'I or '%°1), yttrium (*°Y), lutetium (*7’Lu), actinium (**Ac),
praseodymium, astatine (*''At), thenium (**Re), bismuth (*'*Bi or 2**Bi), indium (''In),
technetium (“mTc), phosphorus (*°P), thodium (***Rh), sulfur (**S), carbon (*C), tritium (H),
chromium (*'Cr), chlorine (*°CI), cobalt (*"Co or **Co), iron (*’Fe), selenium ("*Se), or gallium
(*'Ga). Radioisotopes useful as therapeutic agents include yttrium (°Y), Iutetium ("'Lu),

»Ac), praseodymium, astatine (*''At), rhenium (***Re), bismuth ("Bi or 213Bi), and

actinium (*
rhodium (**Rh). Radioisotopes useful as labels, e.g., for use in diagnostics, include iodine (**'I
or 'Z]), indium (mIn), technetium (*mTc), phosphorus (**P), carbon (**C), and tritium (H), or
one or more of the therapeutic isotopes listed above.

[00218] The invention provides radiolabeled anti-PSMA antibodies and methods of
labeling the same. In one embodiment, a method of labeling an anti-PSMA antibody is
disclosed. The method includes contacting an anti-PSMA antibody, e.g. an anti-PSMA antibody
described herein, With a chelating agent, e.g., 1,4,7,10-tetraazacyclododecane-N, N’, N** . N’”’-
tetraacetic acid (DOTA), to thereby produced a conjugated antibody. The conjugated antibody is
radiolabeled with a radioisotope, e.g., 111Indium, ¥ttrium and 177Lutetium, to thereby produce a
labeled anti-PSMA antibody. Detailed procedures for radiolabeling an anti-PSMA antibody are

described in more detail in the sections below and the appended examples. For example, the
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anti-PSMA antibodies can be radiolabeled wifh M dium, *°Yittrium, or 7T utetium by coupling
with 1,4,7,10-tetraazacyclododecane-N, N°, N”’, N’**-tetraacetic acid (DOTA) as described in
USSN 60/295,214, filed on June 1, 2001, the contents of which are incorporated by reference in
its entirety. Detailed experimental protocols for chelating anti-PSMA antibodies are described in
Example 16 of USSN 60/295,214, which is specifically incorporated by reference in the present
application and is reproduced below as Example 1. Where DOTA is used as a chelating agent, to
obtain a consistent conjugation ratio between DOTA and anti-PSMA antibody and thus control
the quality of the final product, the concentration/amount of reactive DOTA-NHS ester present
in the reaction mixture can be determined using methods known in the art, including the methods
described herein in Example , e.g., using LC and MS.

[00219] As is discussed above the antibody can be conjugated to a therapeutic agent.
Therapeutically active radioisotopes have already been mentioned. Examples of other
therapeutic agents include taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine,
mitomyein, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone,
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin, maytansinoids, e.g.,
maytansinol (see US Patent No. 5,208,020), CC-1065 (see US Patent Nos. 5,475,092, 5,585,499,
5,846,545) and analogs or homologs thereof. Therapeutic agents include, but are not limited to,
antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil
decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, CC-1065,
melphalan, carmustine (BSNU) and lomustine (CCNU), cyclophosphamide, busulfan,
dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP)
cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin),
antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and
anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine, vinblastine, taxol and
maytansinoids).

[00220] The conjugates of the invention can be used for modifying a given biological
response. The therapeutic agent is not to be construed as limitéd to classical chemical
therapeutic agents. For example, the therapeutic agent may be a protein or polypeptide
possessing a desired biological activity. Such proteins may include, for example, a toxin such as

abrin, ricin A, pseudomonas exotoxin, diphtheria toxin, or a component thereof (e.g., a
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component of pseudomonas exotoxin is PE38); a protein such as tumor necrosis factor,
interferon, nerve growth factor, platelet derived growth factor, tissue plasminogen activator; or,
biological response modifiers such as, for example, lymphokines, interleukin-1 ("IL-1"),
interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte macrophage colony stimulating factor
("GM-CSE"), granulocyte colony stimulating factor ("G-CSF"), or other growth factors.
Similarly, the therapeutié agent can be a viral particle, e.g., a recombinant viral particle, that is
conjugated (e.g., via a chemical linker) dr fused (e.g., via a viral coat protein) to an anti-PSMA
antibody of the invention. Introduction of the viral nucleic acid molecules, e.g., recombinant
viral nucleic acid molecules, into cells, e.g., prostate cancer cells or vascular endothelial cells
associated with tumors, that express PSMA can occur following binding and endocytosis of the

anti-PSMA antibody/viral particle conjugate or fusion.

Nucleic Acids, Vectors and Host Cells

[00221] Another aspect of the invention pertains to isolated nucleic acid, vector and host
cell compositions that can be used for recombinant expression of the modified antibodies and
antigen-binding fragment of the invention. In one embodiment, a first and second isolated
nucleic acid comprising a nucleotide sequence encoding heavy and light chain variable regions,
respectively, of an anti-PSMA antibody, . g., 2 modified anti-PSMA antibody (e.g., a
deimmunized J591 or J415 anti-PSMA antibody), or an antigen fragment thereof, are provided.
[00222] The nucleotide and amino acid sequence of the modified (deimmunized) anti-
PSMA J591 immunoglobulin light chain variable region is shown in Figures 4B (SEQ ID NO:25
and 22, respectively). The non-coding complementary nucleotide sequence is also shown in
Figure 4B (SEQ ID NO:26). The J591 deimmunized anti-PSMA antibody light chain variable
regidn contains the following regions: an FR1 domain corresponding to about amino acid
residues 1-23 of SEQ ID NO:22 (linear numbering; see also SEQ ID NO:13), which is encoded
by about nucleotides 261-329 of SEQ ID NO:25; a CDR1 domain corresponding to about amino
acid residues 24-34 of SEQ ID NO:22 (linear numbering; see also SEQ ID NO:4), which is
encoded by about nucleotides 330-362 of SEQ ID NO:25; an FR2 domain corresponding to
about amino acid residues 35-49 of SEQ ID NO:22 (linear numbering; see also SEQ D NO:14),
which is encoded by about nucleotides 363-407 of SEQ ID NO:25; a CDR2 domain |
corresponding to about amino acid residues 50-56 of SEQ ID NO:22 (linear numbering; see SEQ
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ID NO:5), which is encoded by about nucleotides 408-428 of SEQ ID NO:25; an FR3 domain
corresponding to about amino acid residues 57-88 of SEQ ID NO:22 (linear numbering; see also
SEQ ID NO:15), which is encoded by about nucleotides 429-524 of SEQ ID NO:25; a CDR3
domain corresponding to about amino acid residues 89-97 of SEQ ID NO:22 (linear numbering;
see also SEQ ID NO:6), which is encoded by about nucleotides 525-551 of SEQ ID NO:25; and
an FR4 domain corresponding to about amino acid residues 98-107 of SEQ ID NO:22 (linear
numbering; see also SEQ ID NO:16), which is encoded by about nucleotides 552-581 of SEQ ID
NO:25. ‘

[00223] The nucleotide and amino acid sequence of the modified (deimmunized) anti-
PSMA J591 immunoglobulin heavy chain variable region is shown in Figure 4A (SEQ ID NO:23
and 21, respectively). The non-coding complementary sequence is also shown in Figure 4A
(SEQ ID NO:24). The J591 deimmunized anti-PSMA antibody heavy chain variable region
contains the following regions: an FR1 domain corresponding to about amino acid residues 1-25
of SEQ ID NO:21 (linear numbering; see also SEQ ID NO:9), which is encoded by about
nucleotides 261-335 of SEQ ID NO:23; a CDR1 domain corresponding to about amino acid
residues 26-35 of SEQ ID NO:21 (linear numbering; see also SEQ ID NO:1), which is encoded
by about nucleotides 336-365 of SEQ ID NO:23; an FR2 domain corresponding to about amino
acid residues 36-49 of SEQ ID NO:21 (linear numbering; see also SEQ ID NO:10), which is
encoded by about nucleotides 366-407 of SEQ ID INO:23; a CDR2 domain of corresponding to
about amino acid residues 50-66 of SEQ ID NO:21 (linear numbering; see also SEQ ID NO:2),
which is encoded by about nucleotides 408-458 of SEQ ID NO:23; an FR3 domain |
corresponding to about amino acid residues 67-98 of SEQ ID NO:21 (linear numbering; see also
SEQ ID NO:11), which is encoded by about nucleotides 459-554 of SEQ ID NO:23; a CDR3
domain corresponding to about amino acid residues 99-104 of SEQ ID NO:21 (linear numbering;
see also SEQ ID NO:3), which is encoded by about nucleotides 555-572 of SEQ ID NO:23; and
an FR4 domain corresponding to about amino acid residues 105-115 of SEQ ID NO:21 (linear
numbering; see also SEQ ID NO:9), which is encoded by about nucleotides 573-605 of SEQ ID
NO:23. '

[00224] The nucleotide and amino acid sequence of the modified (deimmunized) anti-
PSMA J415 immunoglobulin light chain variable region (J415DIVK1) is shown in Figure 8A
(SEQ ID NO:56 and 57, respectiveiy). The non-coding complementary nucleotide sequence of
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J415DIVK] is also shown in Figure 8A (SEQ ID NO:58). The J415 deimmunized anti-PSMA
antibody light chain variable region contains the following regions: an FR1 domain |
corresponding to about amino acid residues 1-23 of SEQ ID NO:57 (linear numbering; see also
SEQ ID NO:41), which is encoded by about nucleotides 261-329 of SEQ ID NO:56; a CDR1
domain corresponding to about amino acid residues 24-34 of SEQ ID NO:57 (linear numbering;
see also SEQ ID NO:32), which is encoded by about nucleotides 330-362 of SEQ ID NO:56; an
FR2 domain corresponding to about amino acid residues 35-49 of SEQ ID NO:57 (linear
numbering; see also SEQ ID NO:42), which is encoded by about nucleotides 363-407 of SEQ ID
NO:56; a CDR2 domain corresponding to about amino acid residues 50-56 of SEQ ID NO:57
(linear numbering; see also SEQ ID NO:33), which is encoded by about nucleotides 408-428 of
SEQ ID NO:56; an FR3 domain corresponding to about amino acid residues 57-88 of SEQ ID
NO:57 (linear numbering; see also SEQ ID NO:43), which is encoded by about nucleotides 429-
524 of SEQ ID NO:56; a CDR3 domain corresponding to about amino acid residues 89-97 of
SEQ ID NO:57 (linear numbering; see also SEQ ID NO:34), which is encoded by about
nucleotides 525-551 of SEQ ID NO:56; and an FR4 domain corresponding to about amino acid
residues 98-107 of SEQ ID NO:57 (linear numbering; see also SEQ ID NO:44), which is
encoded by about nucleotides 552-581 of SEQ ID NO:56. The nucleotide and amino acid
sequences of the preferred modified (deimmunized) anti-PSMA J415 immunoglobulin light
chain variable region (J415DIVKS) are shown in SEQ ID NO:50 and 52, respectively;
J415DIVKS can be broken down into its component sequences in a manner identical to that
shown above for J415DIVK1.

[00225] The nucleotide and amino acid sequence of the modified (deimmunized) anti-
PSMA J415 immunoglobulin heavy chain variable region is shown in Figure 7A (SEQ ID NO:53
and 54, respectively). The non-coding complementary sequence is also shown in Figure 7A
(SEQ ID NO:55). The J415 deimmunized anti-PSMA antibody heavy chain variable region
contains the following regions: an FR1 domain corresponding to about amino acid residues 1-25
of SEQ ID NO:54 (linear numbering; see also SEQ ID NO:37), which is encoded by about
nucleotides 261-335 of SEQ ID NO:53; a CDR1 domain corresponding to about amino acid
residues 26-35 of SEQ ID NO:54 (linear numbering; see also SEQ ID NO:29), which is encoded
by about nucleotides 336-365 of SEQ ID NO:53; an FR2 domain corresponding to about amino
acid residues 36-49 of SEQ ID NO:54 (linear numbering; see also SEQ ID NO:38), which is
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encoded by about nucleotides 366-407 of SEQ ID NO:53; a CDR2 domain corresponding to |
about amino acid residues 50-68 of SEQ ID NO:54 (linear numbering; see also SEQ ID NO:30),
which is encoded by about nucleotides 408-464 of SEQ ID NO:53; an FR3 domain
corresponding to about amino acid residues 69-100 of SEQ ID NO:54 (linear numbering; see
also SEQ ID NO:39), which is encoded by about nucleotides 465-560 of SEQ ID NO:53; a
CDR3 domain corresponding to about amino acid residues 101-105 of SEQ ID NO:54 (linear
numbering; see also SEQ ID NO:31), which is encoded by about nucleotides 561-575 of SEQ ID
NO:53; and an FR4 domain corresponding to about amino acid residues 106-116 of SEQ ID
NO:54 (linear numbering; see also SEQ ID NO:40), which is encoded by about nucleotides 576-
608 of SEQ ID NO:53. The nucleotide and amino acid sequences of the preferred modified
(deimmunized) anti-PSMA J415 immunoglobulin heavy chain variable region (J415DIVH4) are
shown in SEQ ID NO:51 and 49, respectively; J415DIVH4 can be broken down into its
component sequences in a manner identical to that shown above for J415SDIVH]1.

[00226] It will be appreciated by the skilled artisan that nucleotide sequences encoding
anti-PSMA modified antibodies (e.g., FR domains, e.g., FR1-4), can be derived from the
nucleotide and amino acid sequences described in the present application using the genetic code
and standard molecular biology techniques.

[00227] In one embodiment, the isolated nucleic acid comprises an anti-PSMA modified
antibody heavy chain variable region nucleotide sequence having a nucleotide sequence as
shown in Figure 4A (SEQ ID NO:23), Figure 7A (SEQ ID NO:53) or SEQ ID NO:51 (for
J415DIVH4) or a complement thereof (e.g., SEQ ID NO:24 or SEQ ID NO:55), the nucleotide
sequence of the heavy chain variable region of the antibody produced by the NSO cell line having
ATCC Accession Number PTA-3709 or PTA-4174 or a complement thereof; a sequence at least
85%, 90%, 95%, 99% or more identity thereto; or a sequence capable of hybridizing under
stringent conditions described herein (e.g., highly stringent conditions) to a nucleotide sequence
shown in Figure 4A (SEQ ID NO:23), Figure 7A (SEQ ID NO:53), SEQ ID NO:51, or a
complement thereof (e.g., SEQ ID NO:24 or SEQ ID NO:55), or the nucleotide sequence of the
heavy chain variable region of the antibody produced by the NSO cell line having ATCC
Accession Number PTA-3709 or PTA-4174, or a complement thereof.

[00228] In another embodiment, the isolated nucleic acid encodes an anti-PSMA modified

antibody heavy chain variable region amino acid sequence having an amino acid sequence as
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shown in Figure 2A (SEQ ID NO:21) or Figure 5 (e.g., SEQ ID NO:49), or the amino acid
sequence of the heavy chain variable region of the antibody produced by the NSO cell line having
ATCC Accession Number PTA-3709 or PTA-4174; a sequence at least 85%, 90%, 95%, 99% or
more identical thereto; or a sequence capable of hybridizing under stringent conditions described
herein (e.g., highly stringent conditions) to a nucleotide sequence encoding the amino acid
sequence as shown in Figure 2A (SEQ ID NO:21), Figure 5 (e.g., SEQ ID NO:49), or the amino
acid sequence of the heavy chain variable region of the antibody produced by the NSO cell line
having ATCC Accession Number PTA-3709 or PTA-4174.
[00229] In another embodiment, the isolated nucleic acid comprises a nucleotide sequence
encoding at least one, preferably two, and most preferably three, CDRs of the heavy chain
variable region of the anti-PSMA antibody chosen from the amino acid sequences of SEQ ID
NO:1, 2, and 3, or 29, 30 and 31, or 93, 94, and 95, or 99, 100 and 101, or a CDR sequence
“which differs by one or two amino acids from the sequences described herein. In yet another
embodiment, the isolated nucleic acid comprises a nucleotide sequence encoding CDRs 1, 2, or 3
shown in Figure 4A (SEQ ID NO:23), in SEQ ID NO:51, in Figure 7B (SEQ ID NO:125), in
Figure 9A (SEQ ID NO:73), or in Figure 11A (SEQ ID NO:83), or a complement thereof, or a
sequence encoding a CDR that differs by one or two amino acids from the sequences described
- herein.
[00230] In another embodiment, the isolated nucleic acid comprises a nucleotide sequence
encoding at least one, preferably two, three and most preferably four amino acid sequences from
the heavy chain variable framework region of the anti-PSMA modified antibody chosen from
SEQ ID NO:9, 10, 11 and 12, or 37, 38, 39 and 40, or a sequence at least 85%, 90%, 95%, 99%
or more identical thereto.
[00231] In yet another embodiment, the isolated nucleic acid comprises an anti-PSMA
modified antibody light chain variable region nucleotide sequence having a sequence as shown
in Figure 4B (SEQ ID NO:25), Figure 8A (SEQ ID NO:56), or SEQ ID NO:52, or a complement
thereof (e.g., SEQ ID NO:26 or 58), or the nucleotide sequence of the light chain variable region
of the antibody produced by the NSO cell line having ATCC Accession Number PTA-3709 or
PTA-4174; a sequence at least 85%, 90%, 95%, 99% or more identical thereto; or a sequence
capable of hybridizing under stringent conditions described herein (e. g., highly stringent
conditions) to the nucleotide sequence as shown in Figure 4B (SEQ IID NO:25), Figure 8A (SEQ
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ID NO:56), SEQ ID NO:52, or a complement thereof (e.g., SEQ ID INO:26 or 58), or the
nucleotide sequence of the light chain variable region of the antibody produced by the NSO cell
line having ATCC Accession Number PTA-3709 or PTA-4174, or a complement thereof. In
another embodiment, the isolated nucleic acid encodes an anti-PSMA modified antibody light
chain variable region amino acid sequence having a sequence as shown in Figure 2B (SEQ ID
NO:22) or in Figure 6 (e.g., SEQ ID NO:50), the amino acid sequence of the light chain variable
region of the antibody produced by the NSO cell line having ATCC Accession Number PTA-
3709 or PTA-4174; a sequence at least 85%, 90%, 95%, 99% or more identity thereto; or a
sequence capable of hybridizing under stringent conditions described herein (e.g., highly
stringent conditions) to a nucleotide sequence encoding the amino acid sequence as shown in
Figure 2B (SEQ ID NO:22) or in Figure 6 (SEQ ID NO:50), or the amino acid sequence of the
light chain variable region of the antibody produced by the NSO cell line having ATCC
Accession Number PTA-3709 or PTA-4174, |

[00232] In another embodiment, the isolated nucleic acid comprises a nucleotide sequence
encoding at least one, preferably two, and most preferably three, CDRs of the light chain variable
region of the anti-PSMA antibody chosen from the amino acid sequences of SEQ ID NO:4, 5,
and 6, or 32, 33, and 34, or 96, 97, and 98, or 102, 103, and 104, or a sequence encoding a CDR
which differs by one or two amino acids from the sequences described herein.

[00233] | In yet another embodiment, the isolated nucleic acid comprises a nucleotide
sequence selected encoding CDRs 1-3 of the light chain variable nucleotide sequence shown in
SEQ ID NO:25, or a sequence encoding a CDR which differs by one or two amino acids from
the sequences described herein. In another embodiment, the isolated nucleic acid comprises a
nucleotide sequence encoding at least one, preferably two, three and most preferably four amino
acid sequences from the light chain variable framework region of the anti-PSMA modified
antibody chosen from SEQ ID NO:13,¢14, 15, and 16, or 41, 42, 43, and 44, or a sequence at
least 85%, 90%, 95%, 99% or more identical thereto.

[00234] In a preferred embodiment, there is an isolated first and second nucleic acid which
have nucleotide sequences encoding a light chain and the heavy chain variable regions of an anti-
PSMA antibody, respectively, wherein each isolated nucleic acid has at least one, two, three,
four, five and preferably all CDRs chosen from the amino acid sequences of SEQ ID NO:1, 2, 3,
4,5, and 6, or 29, 30, 31, 32, 33 and 34, or 93, 94, 95, 96, 97, and 98, or 99, 100, 101, 102, 103,
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and 104, or sequence encoding a CDR which differs by one or two amino acids from the
sequences described herein.

[00235] The nucleic acid can encode only the light chain or the heavy chain variable
region, or can also encode an antibody light or heavy chain constant region, operatively linked to
the corresponding variable region. In one embodiment, the light chain variable region is linked
to a constant region chosen from a kappa or a lambda constant region. Preferably, the light chain
constant region is from a lambda type (e.g., a human type lambda). In another embodiment, the
heavy chain variable region is linked to a heavy chain constant region of an antibody isotype
selected from the group consisting of IgG (e.g., IgG1, 1gG2, IgG3, IgG4), IgM, IgAl, IgA2, IgD,
and IgE. Preferably, the heavy chain constant region is from an IgG (e.g., an IgG1) isotype, e.g.,
a human IgG1.

[00236] Nucleic acids of the invention can be chosen for having codons, which are
preferred, or non-preferred, for a particular expression system. E.g., the nucleic acid can be one
in which at least one codon, at preferably at least 10%, or 20% of the codons has been altered
such that the sequence is optimized for expression in E. coli, yeast, human, insect, NS0, or CHO
cells.

[00237] In a preferred embodiment, the nucleic acid differs (e.g., differs by substitution,
insertion, or deletion) from that of the sequences provided, e.g., as follows: by at least one but
less than 10, 20, 30, or 40 nucleotides; at least one but less than 1%, 5%, 10%% or 20% of the
nucleotides in the subject nucleic acid. If necessary for this analysis the sequences should be
aligned for maximum homology. “Looped” out sequences from deletions or insertions, or
mismatches, are considered differences. The differences are, preferably, differences or changes
at nucleotides encoding a non-essential residue(s) or a conservative substitution(s).

[00238] In one embodiment, the first and second nucleic acids are linked, e.g., contained
in the same vector. In other embodiments, the first and second nucleic acids are unlinked, e.g.,
contained in different vectors.

[00239] In another aspect, the invention features host cells and vectors (e.g., recombinant
expression vectors) containing the nucleic acids, e.g., the first and second nucleic acids, of the
invention.

[00240] Prokaryotic or eukaryotic host cells may be used. The terms ""host cell" and

"recombinant host cell” are used interchangeably herein. Such terms refer not only to the
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pé.rticular subject cell, but to the progeny or potential progeny of such a cell. Because certain
modifications may occur in succeeding generations due to either mutation or environmental
influences, such progeny may not, in fact, be identical to the parent cell, but are still included
within the scope of the term as used herein. _A host cell can be any prokaryotic, e.g., bacterial
cells such as E. coli, or eukaryotic, e.g., insect cells, yeast, or preferably mammalian cells (e.g.,
cultured cell or a cell line). Other suitable host cells are known to those skilled in the art.

[00241] Preferred mammalian host cells for expressing the anti-PSMA antibodies, or
antigen-binding fragments thereof, include Chinese Hamster Ovary (CHO cells) (including dhf-
CHO cells, described in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA 77:4216-4220,
used with a DHFR selectable marker, e.g., as described in R.J. Kaufiman and P.A. Sharp (1982)
Mol. Biol. 159:601-621), lymphocytic cell lines, e.g., NSO myeloma cells and SP2 cells, COS
cells, and a cell from a transgenic aniﬁlal, e.g., €.8., mammary epithelial cell.

[00242] In another aspect, the invention features a vector, e.g., a recombinant expression
vector. The recombinant expression vectors of the invention can be designed for expression of
the modified antibodies, or an antigén—bindin g fragment thereof, in prokaryotic or eukaryotic
cells. For example, polypeptides of the inveration can be expressed in E. coli, insect cells (e.g.,
using baculovirus expression vectors), yeast cells or mammalian cells. Suitable host cells are
discussed further in Goeddel, (1990) Gene Expression Technology: Methods in Enzymology
185, Academic Press, San Diego, CA. Alternatively, the recombinant expression vector can be
transcribed and translated in vitro, for example using T7 promoter regulatory sequences annd T7
polymerase.

[00243] Expression of proteins in prok aryotes is most often carried out in E. coli with
vectors containing constitutive or inducible promoters directing the expression of either fusion or
non-fusion proteins. Fusion vectors add a nummber of amino acids to an antibody encoded

therein, usually to the constant region of the recombinant antibody.

[00244] In addition to the antibody chain genes, the recombinant expression vectors of the
invention carry regulatory sequences that are operatively linked and control the expression. of the
antibody chain genes in a host cell. ‘

[00245] * In an exemplary system for recombinant expression of a modified antibody., or
antigen-binding portion thereof, of the invention, a recombinant expression vector encoding both

the antibody heavy chain and the antibody light chain is introduced into dhfr-CHO cells by
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calcium phosphate-mediated transfection. Within the recombinant expression vector, the
antibody heavy and light chain genes are each operatively linked to enhancer/promoter
regulatory elements (e.g., derived from SV40, CMV, adenovirus and the like, such as a CMV
enhancer/AJMLP promoter regulatory element or an SV40 enhancer/AJMLP promoter
regulatory element) to drive high levels of transcription of the genes. The recombinant
expression vector also carries a DHFR gene, which allows for selection of CHO cells that have
been transfected with the vector using methotrexate selection/amplification. The selected
transformant host cells are cultured to allow for expression of the antibody heavy and light
chains and intact antibody is recovered from the culture medium. Standard molecular biology
techniques are used to prepare the recombinant expression vector, transfect the host cells, select

for transformants, culture the host cells and recover the antibody from the culture medium.

Purification and Conjugation of Anti-PSMA Antibodies

[00246] The invention features methods of purifying an anti-PSMA antibody from a
sample. The method includes: providing a harvested anti-PSMA antibody product; subjecting

the harvested product to an antibody binding chromatography step, and subjecting the anti-
PSMA antibody product to one or more ion exchange chromatography steps to thereby obtain
purified anti-PSMA. The term “purified” anti-PSMA antibody, as used herein, refers to an anti-
PSMA antibody product that is substantially free of cellular material when produced by a cell
which expresses the anti-PSMA antibody. The language "substantially free of cellular material"
includes preparations of anti-PSMA antibody in which the protein is separated from cellular
components of the cells in which it is produced. In one embodiment, the language “substantially
free of cellular material” includes preparations of anti-PSMA antibody having less than about
30% (by dry weight) of non-anti-PSMA antibody protein (also referred to herein as a “protein
impurity” or “contaminating protein”), more preferably less than about 20% of non-anti-PSMA
antibody protein, still more preferably less than about 10% of non-anti-PSMA antibody protein,
and most preferably less than about 5% non-anti-PSMA antibody protein. When the anti-PSMA
antibody is obtained (i.e., harvested) from culture media, it is also preferably substantially free of
a component of the culture medium, i.e., components of the culture medium represent less than

about 20%, more preferably less than about 10%, and most preferably less than about 5% of the
dry weight of the protein preparation.
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[00247] The term “harvested anti-PSMA. antibody” as used herein refers to an anti-PSMA_
antibody obtained from culture media or from a cell.

[00248] The antibody binding chromatography can be, e.g., a Protein A and/or a Protein G
chromatography step. Preferably, the anti-PSM_A antibody product is subjected to more than one
ion exchange chromatography step. The ion exchange chromato graphy can be: anion exchange
chromatography, cation cxchange chromatography or both. In a preferred émbodiment, anion
exchange chromatography is performed using oxe or more of: Q Sepharose Fast Flow®,
MacroPrep High Q Support®, DEAE Sepharose Fast Flow®, and Macro-Prep DEAE®. In a
preferred embodiment, cation exchange chromatography is performed using one or more of: SP
Sepharose Fast Flow®, Source 30S®, CM Sepharose Fast Flow®, Macro-Prep CM Support®,
and Macro-Prep High S Support®.

[00249] In another aspect, the invention features a method of purifying an anti-PSMA
antibody product. The method includes: providizag a harvested anti-PSMA antibody product;
subjecting the anti-PSMA antibody product to Protein A chromato graphy; subjecting the anti-
PSMA antibody product to anion exchange chrormatography; and subjecting the anti-PSMA
antibody product to cation exchange chromatography, to thereby obtain purified anti-PSMA
antibody. Preferably, anion exchange chromatography is performed using one or more of: Q
Sepharose Fast Flow®, MacroPrep High Q Support®, DEAE Sepharose Fast Flow®, and
Macro-Prep DEAE®. Preferably, cation exchange chromatography is performed using one or
more of: SP Sepharose Fast Flow®, Source 30S®, CM Sepharose Fast Flow®, Macro-Prep CM
Support®, and Macro-Prep High S Support®. |

[00250] An anti-PSMA antibody, e.g., a modified anti-PSMA antibody, or antigen-binding
portion thereof, e.g., a purified anti-PSMA antibody described herein, can be derivatived or
linked to another molecular entity. | ,

[00251] As discussed herein, the molecular entity can be a radiolabel, e.g., a radioisotope,

- e.g., aradioisotope which is an a-emitter, a B-emi tter, a y-emitter or a B- and y-emitter.
Radioisotopes useful as therapeutic agents include yttrium (*°Y), lutetium (*”’Lu), actinium
(**Ac), praseodymium, astatine (*' At), rhenium ('*Re), bismuth (2!2Bi or *3Bi), and thodium
(‘**Rh). Radioisotopes useful as labels, e.g., for use in diagnostics, include iodine (**'I or 2°7),
indium (*''Tn), technetium (*mTc), phosphorus (*ZP), carbon (1C), and tritium (H), or one of

the therapeutic isotopes listed above.
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[00252] The invention provides methods of radiolabeling an anti-PSMA antibody, e.g., a
modified anti-PSMA antibody such as those described herein. The method includes contacting
an anti-PSMA antibody, e.g., an anti-PSMA antibody described herein, with a chelating agent,
e.g., 1, 4, 7, 10 tetraazacyclododecane —N,N’,N”’,N”**-tetraacetic acid (DOTA), and then
contacting the anti-PSMA antibody with a radiolabel, to thereby produce a conjugated antibody.
* In one embodiment, the chelating agent is DOTA and the DOTA is activated in situ prior to
conjugation with an anti-PSMA antibody. Prior to contacting the activated DOTA with an anti-
PSMA antibody, the quantity of in situ activated DOTA, e.g., DOTA-NHS, in a sample can be
determined. DOTA can be activated in situ, e.g., using coupling reagents such as NHS and
EDAC. Thus, in some embodiments, the invention includes a method of analyzing a sample of
DOTA to determine the quantity of activated DOTA in the sample.

[00253] Since hydrolysis of DOTA-NHS in large excess of water is a first order reaction,
based on real time kinetics of DOTA-NHS hydrolysis, the percentage of DOTA-NHS in a
sample can be determined. The method allows direct quantification of DOTA-NHS by
quantitating DOTA. The method also provides an evaluation of the availability of DOTA-NHS
before the conjugation reaction. The availability of DOTA-NHS in different batches can be
determined by quantifying DOTA at different time points during the real time kinetics of
hydrolysis. The method includes: determining the quantity of DOTA in a batch of in situ
activated DOTA preferably at several time points, e.g., two , three, four, five, or more time
points during the hydrolysis of DOTA, to thereby directly evaluate the quantity of DOTA and
indirectly of activated DOTA, e.g., DOTA-NHS, in the sample. Thus, the method can include:
determining a reference standard for the quantity of DOTA-NHS in a sample activated in situ
based upon the concentration of DOTA in the sample over time during hydrolysis.

[00254] Methods of determining a reference standard to quantitate the amount of DOTA-
NHS in a sample are described, e.g., in Example 23. The invention can further include methods
of conjugating an anti-PSMA antibody with a radiolabel using a DOTA chelating agent which is
activated in situ, wherein the amount of DOTA that the anti-PSMA antibody is contacted with is
determined based upon a comparison of the quantity of active DOTA, e.g., DOTA-NHS, in the
sample of DOTA to be used and a reference standard for quantitating DOTA. The method
includes adjusting the concentration of active DOTA, e.g., DOTA-NHS, used to contact the anti-
PSMA antibody based upon the quantity of active DOTA in the sample as compared to the
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reference standard. Preferably, the concentration of DOTA-NHS used to conjugate the anti-
PSMA antibody is an amount that results in a ratio of about 2 to 10, preferably 4 to 8, more
preferably, 5 to 7 DOTA-NHS per anti-PSMA antibody. |

[00255] The invention also features methods of making multiple batches of a DOTA
conjugated anti-PSMA antibody preparation using i situ activated DOTA, wherein average ratio
of DOTA-NHS per antibody per batch varies by less than 3 DOTA-NHS chelating agents per
antibody, preferably less than 2, or 1 DOTA-NHS chelating agents per antibody from batch to
batch. Preferably, the average ratio of DOTA-NHS per antibody is about 4 to 8, preferably about -
5to 7 (e.g., 5.5t0 6.5) DOTA-NHS 4per antibody from batch to batch. As used herein, “batch”
refers to a quantity of anything produced at one operation, e.g., a quantity of a compound
produced all in one operation. A “batch of drug” is a selection quantity of a drug, e.g., that was
produced at one operation, e.g., in a single process.

[00256] The invention also features methods of radiolabeling an anti-PSMA antibody,
e.g., amodified anti-PSMA antibody such as those described herein, using a chelating agent
which is available in its active form in a substantially pure form. The term “substantially pure”
refers to a composition of an activated chelating agent which contains less than 5%, 3%, 2%, 1%
other components or contaminants. For example, the chelating agent can be DOTA which is
commercially available as a pure DOTA-NHS mono-active ester from Macrocyclics. In other
embodiments, the chelating agent can be, e.g., a substantially pure DOTA-HOBT active ester, or
a p-nitrophenyl active ester. The use of a purified active form of a chelating agent such as
DOTA can allow for control over the amount of DOTA-NHS used in the conjugation process,
thereby decreasing variability between batches of DOTA conjugated anti-PSMA antibody
preparations. The method includes contacting an anti-PSMA antibody, e.g., an anti-PSMA
antibody described herein, with a substantially pure composition of a chelating agent. In one
embodiment, the anti-PSMA antibody is contacted with an activated chelating agent, e.g.,
activated DOTA, e.g., DOTA-NHS, at aratioof 7to 1,9t01,11t0 1,15t0 1,20to 1 or 30 to 1
DOTA-NHS molecules per antibody. Preferably, the input ration of activated DOTA to antibody
is7tol,9tolor1lto 1. |
[00257] The invention also features methods of radiolabeling an anti-PSMA antibody,

e.g., an anti-PSMA antibody described herein, which includes contacting an anti-PSMA antibody

with a chelating agent, e.g., activated DOTA, to form a reaction mixture; removing excess
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chelating agent, e.g., unbound DOTA, from the reaction mixture; and contacting the reaction
mixture with a radiolabel, to thereby form a radiolabeled anti-PSMA antibocly. Ina preferred
embodiment, the excess chelating agent is removed such that the reaction mi xture includes less
than 20%, 15%, 10%, 5%, 2%, 1%, or 0.5% excess chelating agent, e.g., unbound DOTA. In
other embodiments, the amount of excess chelating agent present in the reaction mixture is
reduced by at least 2- fold, preferably 5- to 10- fold after the removal step. The removal of
excess chelating agent can result in at least é 10%, 20%, 30%, 40% or more -increase in
radiolabel efficiency as compared to the percentage of radiolabeled anti-PSMA conjugates
obtained without removing the excess chelating agent.

[00258] In other aspects, the molecular entity can be a therapeutic agemnt, e.g., a cytotoxic
moiety, e.g., a therapeutic drug, molecules of plant, fungal, or bacterial origim, or biological
proteins (e.g., protein toxins) or particles (e.g., recombinant viral particles, e. g., via a viral coat
protein), or mixtures thereof. For example, the anti-PSMA antibody, or antigen binding
fragment thereof, can be coupled to a molecule of plant or bacterial origin (or derivative thereof),
e.g., a maytansinoid (e.g., maytansinol or the DM1 maytansinoid, see Fig. 15), a taxane, or a
calicheamicin. The invention provides methods of conjugating an anti-PSMA antibody, e.g., a
modified anti-PSMA antibody such as those described herein, with a therapewatic drug such as a
maytansinoid, e.g., DM1. The method includes contacting an anti-PSMA antibody, e.g., an anti-
PSMA antibody described herein, with a linker, e.g., a disulfide linker such as SSP, to form a
reaction mixture, contacting the reaction mixture with a therapeutic agent, e.=., a maytansinoid
such as DM1, and obtaining a composition which includes anti-PSMA antibody conjugated to
the therapeutic agent, e.g., DM1. In a preferred embodiment, the method includes: contacting
the anti-PSMA antibody with an amount of linker such that the ratio of linker to antibody in the
reaction mixture is about 7:1, 6:1, 5:1, 4:1 or 3:1. The ratio of linker to antibody in the reaction
mixture can be selected, e.g., to result in a yield of anti-PSMA antibody in the composition of at
least about 65%, preferably at least 70%, 75%, 80%, 85%, 90%, 95% or greater. Accordingly,
the invention features methods of preparing an anti-PSMA antibody, e.g., an anti-PSMA
antibody described herein, conjugated to a therapeutic agent such as DM1 whuich results
obtaining a composition having a yield of at least about 70% or greater of anti-PSMA antibody,
by providing a ratio of linker to antibody of less than 7:1. Preferably, the ratio is about 6:1 to
about 4:1.
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[00259] In another aspect, the present invention provides compositions, e.g.,
pharmaceutically acceptable compositions, which include an antibody molecule described herein
(e.g., a modified antibody molecule as described herein), formulated together with a
pharmaceutically acceptable carrier. A
[00260] As used herein, "pharmaceutically acceptable carrier" includes any and all
solvents, dispersion media, isotonic and absorption delaying agents, and the like that are
physiologically compatible. The carrier can be suitable for intravenous, intramuscular,
subcutaneous, parenteral, rectal, spinal or epidermal administration (e.g., by injection or
infusion).
[00261] The compositions of this invention may be in a variety of forms. These include,
for example, liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g., injectable
~and infusible solutions), dispersions or suspensions, liposomes and suppositories. The preferred
form depends on the intended mode of administration and therapeutic application. Typical
preferred compositions are in the form of injectable or infusible solutions. The preferred mode
of administration is parenteral (e.g., intravenous, subcutaneous, intraperitoneal, intramuscular).
In a preferred embodiment, the antibody is administered by intravenous infusion or injection. In
another preferred embodiment, the antibody is administered by intramuscular or subcutaneous
injection.
[00262] The phrases "parenteral administration" and "administered parenterally" as used
herein means modes of administration other than enteral and topical administration, usually by
injection, and includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal, epidural and intrasternal
injection and infusion.
[00263] Therapeutic compositions typically should be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered structure suitable to high antibody
concentration. Sterile injectable solutions can be prepared by incorporating the active compound
(i.e., antibody or antibody portion) in the required amount in an appropriate solvent with one or a

combination of ingredients enumerated above, as required, followed by filtered sterilization.
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Generally, dispersions are prepared by incorporating the active compound irato a sterile vehicle
that contains a basic dispersion medium and the required other ingredients fwrom those
enumerated above. In the case of sterile powders for the preparation of steri le injectable
solutions, the preferred methods of preparation are vacuum drying and freez.e-drying that yields a
powder of the active ingredient plus any additional desired ingredient from a previously sterile-
filtered solution thereof. The proper fluidity of a solution can be maintained, for example, by the
use of a coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prolonged absorption of injectable compositions can be
brought about by including in the composition an agent that deiays absorption, for example,
monostearate salts and gelatin.

[00264] The antibodies and antibody-fragments described herein can be administered by a
variety of methods known in the art, although for many therapeutic applicati ons, the preferred
route/mode of administration is intravenous injection or infusion. As described in the Examples
below, the anti-PSMA antibody can be administered by intravenous infusion. at a rate of less than
10 mg/min, preferably less than or equal to 5 mg/min to reach a dose of abouat 1 to 600 mg/m?,
preferably about 10 to 500 mg/m?, about 18 to 400 mg/m?, about 60 to 375 nng/m?, and more
preferably, about 250-360 mg/m? (e.g., between about 343 and 350 mg/m?). Other preferred
doses include about 175 to 500 or 600 mg/m?, about 250 to 500 or 600 mg/ma?, about 300 to 500
or 600 mg/m’, or about 340 to 500 or 600 mg/m’. The anti-PSMA antibody can be administered
in a single dose or in multiple doses. For example, the anti-PSMA antibody <an be conjugated
with a therapeutic agent such as DM1 and administered in a single dose of about 10 to 25 mg/m>
(e.g., about 18 mg/m®), about 25 to 40 mg/m? (e.g., about 32 mg/m?), about 40 to 60 mg/m? (e.g.,
about 51 mg/m?), about 60 to 80 mg/m? (e.g., about 72 mg/m>), about 80 to 1 05 mg/m’ (e.g.,
about 94 mg/m?), about 105 to 135 mg/m? (e.g., about 122 mg/m?), about 135 to about 170
mg/m’ (e.g., about 158 mg/m®), about 170 to about 230 mg/m? (e.g., about 205 mg/m?), about
230 to about 320 mg/m” (e.g., about 267 mg/m?), about 320 to about 400 mg/m?> (e.g., about 348
mg/m?), or about 400 to 500 mg/m? (e.g., about 487 mg/m®?). The dosage schxedule can be varied,
such that the antibody is administered once, twice, three or more times per week for any number
of weeks or the antibody is administered more than once (e.g., two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen,

twenty, twenty-two or twenty-four times) with administration occurring once a week, once every

111



WO 2005/094882 PCT/US2004/006543

two, three, four, five, six, seven, eight, nine or ten weeks. For example, a DM1 conjugated anti-
PSMA antibody can be administered at least two, three or four times at a dosage: level recited
above with administration occurring one every four to eight weeks. In a preferred embodiment,
the anti-PSMA antibody molecule can be administered once a week for six weelks for a total of
six doses, or twice a week for six weeks for a total of twelve doses. In another preferred
embodiment, the anti-PSMA antibody molecule can be administered once a week for twelve .
weeks for a total of twelve doses, or once every two weeks for twelve weeks for a total of six
doses. Ifthe subject does not demonstrate an adverse reaction, e.g., an adverse reaction
described herein, to the anti-PSMA antibody molecule and/or one or more symptom of the
cancer improves or remains the same, an additional dose or doses can be given. For example, the
anti-PSMA antibody molecule, e.g., an antibody molecule described herein, e.g., an antibody
molecule conjugated to a therapeutic agent such as DM1, can be administered in doses of about
10 to 25 mg/m? (e.g., about 18 mg/m?), 25 to 40 mg/m? (e.g., about 32 mg/m?), 40 to 70 mg/m? (,
e.g., about 60 mg/mz), or 70 to 100 mg/m? (e.g., about 84 mg/m®), once a week or once every
two weeks for twelve weeks. As another example, the anti-PSMA antibody molecule, e.g., an
antibody molecule described herein, e.g., an antibody molecule conjugated to a therapeutic agent
such as DM1, can be administered in doses of about 100 to 140 mg/m? (e.g., about 118 to 120
mg/m?), 140 to 200 mg/m2 (e.g., about 165 to 168 mg/m?), 200 t0300 mg/m2 (e.=., about 230 to
235 mg/m?), or 300 to 400 mg/m? (e.g., about 323 to 330 mg/m?), 400 to 500 mg/m” (e.g., about
452 to 461 mg/m?), 500 to 600 mg/mz, once a week or once every two weeks for twelve weeks.
In some emb‘odiments, as the period between dosing increases, the amount of an€i-PSMA
anitbody conjugated to DM1 can be incfeased, In another example, the anti-PSMIA antibody
molecule, e.g., an antibody molecule described herein, e.g., an antibody molecule conjugated to a
radioisotope, e.g., "L or °°Y, can be administered in multiple doses with admiristration of the
radioisotope coupled antibody molecule occurring once a week, once every two, three, four, five,
six, seven, eight, nine or ten weeks. For antibody molecules of the invention cowpled to T,
muitiple doses can be administered such that each dose is administered at about 65% or less than
the maximum tolerated dose (MTD) of the antibody coupled to '"’Lu and the dos es are v
administered once every week, two weeks, three weeks, four weeks, five weeks, six weeks,
seven weeks, eight weeks or more. For example, multiple doses of an antibody mnolecule

described herein coupled to ""Lu can be administered such that each doses is less than 65%,
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60%, 55%, 50%, 45%, 40%, 35% or less than the MTD of the antibody molecule coupled to
"L . Multiple doses of 7" u conjugated antibodies can be administered such that each dose is
about the same or one or more of the doses can differ from the others, e.g., oxe or more of the
doses can differ from the others so long as no dose exceeds 65% of the MTD of the antibody
molecule coupled to 7710, As will be appreciated by the skilled artisan, the xoute and/or mode
of administration will vary depending upon the desired results. In certain embodiments, the
active compound may be prepared with a carrier that will protect the compownd against rapid
release, such as a controlled release formulation, including implants, transdermal patches, and
microencapsulated delivery systems. Biodegradable, biocompatible polymer's can be used, such
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyoﬁhoesters, and
polylactic acid. Many methods for the preparation of such formulations are patented or generally
known to those skilled in the art. See, e.g., Sustained and Controlled Release Drug Delivery
Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New York, 1978.

. [00265] In certain embodiments, an antibody or antibody portion of fhe invention may be
orally administered, for example, with an inert diluent or an assimilable edible carrier. The
compound (and other ingredients, if desired) may also be enclosed in a hard or soft shell gelatin
capsule, compressed into tablets, or incorporated directly into the subject's diet. For oral
therapeutic administration, the compounds may be incorporated with excipierits and used in the
form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers,
and the like. To administer a compound of the invention by other than parenteral administration,
it may be necessary to coat the compound with, or co-administer the compoumd with, a material

to prevent its inactivation.

[00266] Therapeutic compositions can be administered with medical devices known in the
art.
[00267] Dosage regimens are adjusted to provide the optimum desired response (e.g., a

' therapeutic response). For example, a single bolus may be administered, several divided doses
may be administered over time or the dose may be proportionally reduced or increased as
indicated by the exigencies of the therapeutic situation. It is especially advantageous to
formulate parenteral compositions in dosage unit form for ease of administration and uniformity
of dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary

dosages for the subjects to be treated; each unit contains a predetermined quamtity of active
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compound calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the invention are dictated
by and directly dependent on (a) the unique characteristics of the active compound and the
particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding such an active compound for the treatment of sensitivity in individuals.

[00268] An exemplary, non-limiting range for a therapeutically or prophylactically
effective amount of an antibody or antibody portion or antibody-conjugate of the invention is
about 0.025-125mg/kg, more preferably about 1-10 mg/kg. As described in Examples 10 and 12,
the anti-PSMA antibody can be administered by intravenous infusion at a rate of less than 10
mg/min, preferably less than or equal to 5 mg/min to reach a dose of about 1 to 600 mg/m?,
preferably about 10 to 500 mg/m?, about 18 to 400 mg/m?, about 60 to 375 mg/m?, and more
preferably, about 250-360 mg/m?. It is to be noted that dosage values may vary with the type
and severity of the condition to be alleviated. It is to be further understood that for any particular
subject, specific dosage regimens should be adjusted over time according to the individual need
and the professional judgment of the person administering or supervising the administration of
the compositions, and that dosage ranges set forth herein are exemplary only and are not
intended to limit the scope or practice of the claimed composition.

[00269] The pharmaceutical compositions of the invention may include a "therapeutically
effective amount" or a "prophylactically effective amount" of an antibody or antibody portion of
the invention. A "therapeutically effective amount" refers to an amount effective, at dosages and
for periods of time necessary, to achieve the desired therapeutic result. A therapeutically
effective amount of the modified antibody or antibody fragment may vary according to factors
such as the disease state, age, sex, and weight of the individual, and the ability of the antibody or
antibody portion to elicit a desired response in the individual. A therapeutically effective amount
is also one in which any toxic or detrimental effects of the modified antibody or antibody
fragment is outweighed by the therapeutically beneficial effects. A "therapeutically effective
dosage" preferably inhibits a measurable parameter, e.g., tumor growth rate by at least about
20%, more preferably by at least about 40%, even more preferably by at least about 60%, and
still more preferably by at least about 80% relative to untreated subjects. The ability of a
compound to inhibit a measurable parameter, e.g., cancer, can be evaluated in an animal model

system predictive of ' efficacy in human tumors. Alternatively, this property of a composition can
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be evaluated by examining the ability of the compound to inhibit, such inhibition irn vitro by
assays known to the skilled practitioner.

[00270] A "prophylactically effective amount" refers to an amount effective, at dosages
and for periods of time necessary, to achieve the desired prophylactic result. Typically, since a
prophylactic dose is used in subjects prior to or at an earlier stage of disease, the prophylactically
effective amount will be less than the therapeutically effective amount.

[00271] Also within the scope of the invention are kits comprising an anti-PSMA antibody
described herein, preferably a modified antibody, or antigen-binding fragment thereof. The kit
can include one or more other elements including: instructions for use; other reagents, e.g., a
label, a therapeutic agent, or an agent useful for chelating, or otherwise coupling, an antibody to
a label or therapeutic agent, or a radioprotective composition; devices or other materials for
preparing the antibody for administration; pharmaceutically acceptable carriers; and devices or
other materials for administration to a subject. Instructions for use can include instructions for
diagnostic applications of the anti-PSMA antibodies (or antigen-binding fragment thereof) to
detect PSMA, in vitro, e.g., in a sample, e.g., a biopsy or cells from a patient having a cancer or
prostatic disorder, or in vivo. The instructions can include instructions for therapeutic
application including suggested dosages (e.g., suggested dosages for single or multiple doses,
e.g., as described herein) and/or modes of administration, e.g., in a patient with a cancer or
prostatic disorder and/or for combination treatments of an anti-PSMA antibody, e.g., with a
therapeutic agent described herein. Other instructions can include instructions on coupling of the
antibody to a chelator, a label or a therapeutic agent, or for purification of a conjugated antibody,
e.g., from unreactéd conjugation components. As discussed above, the kit can include a label,
e.g., any oi” the labels described herein. As discussed above, the kit can include a therapeutic
agent, e.g., a therapeutic agent described herein. The kit can include a reagent useful for
chelating or otherwise coupling a label or therapeutic agent to the antibi)dy, e.g., a reagent
discussed herein. For example, a macrocyclic chelating agent, preferably 1,4,7,10-
tetraazacyclododecane-N, N°, N**,N”**-tetraacetic acid (DOTA), can be included. The DOTA
can be supplied as a separate component or the DOTA (or other chelator or conjugating agent)
can be supplied already coupled to the antibody. Additional coupling agents, e.g., an agent such
as N-hydroxysuccinimide (NHS), can be supplied for coupling the chelator, e.g., DOTA, to the

antibody. As another example, the kit can contain a linker for conjugating the antibody to a
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therapeutic agent, e.g., a disulfide linker, e.g., SPP. The linker can be supplied as a separate
component or the linker can be supplied already coupled to the antibody. In other embo diments,
the kit can include one or more reagents useful for linking the antibody to a therapeutic aagent.
For example, the kit can include an antibody which has been modified, e.g., activated, stach that
it includes a moiety which allows linkage to a therapeutic agent. The kit can also includ € a
therapeutic agent for conjugating to the antibody or administering in combination with the
antibody, such as taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitormycin,
etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy
anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, A
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin, maytansinoids, e.g.,
maytansinol (see US Patent No. 5,208,020), CC-1065 (see US Patent Nos. 5,475,092, 5,585,499,
5,846,545) and/or analogs or homologs thereof. In some applications the antibody will be
reacted with other components, e.g., a chelator or a label or therapeutic agent, e.g., a
radioisotope, e.g., yttrium or lutetium. In such cases the kit can include one or more of a. reaction
vessel to carry out the reaction or a separation device, e.g., a chromatographic column, for use in
separating the finished product from starting materials or reaction intermediates. In some
embodiments, the kit can include instructions for making the conjugated antibody, instructions
for evaluating the conjugated antibody, e.g., instructions for determining the amount of
conjugated antibody.

[00272] The kit can further contain at least one additional reagent, such as a diagnostic or
therapeutic agent, e.g., a diagnostic or therapeutic agent as described herein, and/or one or more
additional anti-PSMA antibodies (or fragments thereof), formulated as appropriate, in on€ or
more separate pharmaceutical preparations.

[00273] The kit can further contain a radioprotectant. The radiolytic nature of isotopes,
e.g., " Yttrium (*°Y) is known. In order to overcome this radiolysis, radioprotectants may/ be
included, e.g., in the reaction buffer, as long as such radioprotectants are benign, meaning that
they do not inhibit or otherwise adversely affect the labeling reaction, e.g., of an isotope, such as
of Y, to the antibody. '

[00274] The formulation buffer of the present invention may include a radioprotectant
such as human serum albumin (HSA) or ascorbate, which minimize radiolysis due to yttrfum or

other strong radionuclides. Other radioprotectants are known in the art and can also be used in
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the formulation buffer of the present invention, i.e., free radical scavengers (phenol, sulfites,
glutathione, cysteine, gentisic acid, nicotinic acid, ascorbyl palmitate, HOP(:O)HaI glycerol,
sodium formaldehyde sulfoxylate, Na,S,0., Na,S,03, and SO, etc.).

[00275] A preferred kit is one useful for radiolabeling a chelator- conjugated protein or
peptide with a therapeutic radioisotope for administration to a patient. The kit includes (i) a vial
containing chelator-conjugated antibody, (ii) a vial containing formulation buffer for stabilizing
and administering the radiolabeled antibody to a patient, and (iii) instructions for performing the
radiolabeling procedure. The kit provides for exposing a chelator-conjugated antibody to the
radioisotope or a salt thereof for a sufficient amount of time under amiable conditions, e.g., as
recommended in the instructions. A radiolabeled aﬁtibody having sufficient purity, specific
activity and binding specificity is produced. The radiolabeled antibody may be diluted to an
appropriate concentration, e.g., in formulation buffer, and administered directly to the patient
with or without further purification. The chelator- conjugated antibody may be supplied in
lyophilized form.

[00276] A further preferred kit is one that includes an anti-PSMA antibody described
herein conjugated to a therapeutic agent, e.g., taxol, cytochalasin B, gramicidin D, ethidium
bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin
D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol,
puromycin, maytansinoids, e.g., maytansinol (see US Patent No. 5,208,020), CC-1065 (see US
Patent Nos. 5,475,092, 5,585,499, 5,846,545) and/or analogs or homologs thereof. In a more
preferred embodiment, the kit includes an anti-PSMA antibody described herein conjugated to
DM1, e.g., deJ591-DM1, and instructions for use, e.g., instructions for therapeutic application
including suggested dosages and/or modes of administration, e.g., in a patient with a cancer or
prostatic disorder. In another embodiment, the kit includes an anti-PSMA antibody described
herein and a second therapeutic agent, e.g., taxol, cytochalasin B, gramicidin D, ethidium
bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin
D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol,
puromycin, maytansinoids, e.g., maytansinol (see US Patent No. 5,208,020), CC-1065 (see US
Patent Nos. 5,475,092, 5,585,499, 5,846,545) and/or analogs or homologs thereof. The kit can
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include instructions for therapeutic application including suggested dosages, suggested
combination dosing regimens, and/or modes of administration, for a patient with cancer or a

prostactic disorder.

Uses of the Invention

[00277] The antibodies of the invention (e.g., the modified antibodies described herein)
have in vitro and in vivo diagnostic, thefapeutic and prophylactic utilities. For example, these
antibodies can be administered to cells in culture, e.g. in vitro or ex vivo, or in a subject, e.g., in
Vivo, to treat, prevent, and/or diagnose a variety of disorders, such as cancers (prostatic and non-
prostatic cancers), as well as non-cancerous prostatic conditions (e.g., benign hyperplastic
prostatic disorders).

[00278] As used herein, the term "subject" is intended to include human and non-human
animals. Preferred human animals include a human patient having a disorder characterized by
abnormal functioning of a PSMA-expressing cell, e.g., a cancer cell or a prostatic cell. The term
"non-human animals" of the invention includes all vertebrates, e.g., mammals and non-
mammals, such as non-human primates, sheep, dog, cow, chickens, amphibians, reptiles, etc.
[00279] In one embodiment, the subject is a human subject. Alternatively, the subject can
be a mammal expressing a PSMA-like antigen with which an antibody of the invention cross-
reacts. An antibody molecule of the invention can be administered to a human subject for
therapeutic purposes (discussed further below). Moreover, an anti-PSMA antibody (or fragment
thereof) can be administered to a non-human mammal expressing the PSMA-like antigen with
which the modified antibody cross-reacts (e.g., a primate, pig or mouse) for veterinary purposes
or as an animal model of human disease. Regarding the latter, such animal models may be
useful for evaluating the therapeutic efficacy of antibodies of the invention (e.g., testing of

dosages and time courses of administration).

Therapeutic Uses

[00280] In one embodiment, the invention provides a method of treating, e.g., ablating or
killing, a cell, e.g., a prostatic cell (e.g., a cancerous or non-cancerous prostatic cell, e.g., a
normal, benign or hyperplastic prostatic epithelial cell), or a malignant, non-prostatic cell, e.g.,
cell found in a non-prostatic solid tumor, a soft tissue tumor, or a metastatic lesion (e.g., a cell

found in renal, urothelial (e.g., bladder), testicular, colon, rectal, lung (e.g., non-small cell lung
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carcinoma), breast, liver, neural (e.g., neuroendocrine), glial (e.g., glioblastoma), pancreatic (é. g,
pancreatic duct) cancer and/or metasfasis, melanoma (e.g., malignant melanoma), or soft tissue
sarcoma). Methods of the invention include the steps of contacting the cell, or a nearby cel ], e.g.,
a vascular endothelial cell proximate to the cell, with an anti-PSMA antibody, e.g., a modified
anti-PSMA antibody, e.g., a modified antibody as described herein, in an amount sufficient to

' treat, e.g., ablate or kill, the cell.

[00281] The subject method can be used on cells in culture, e.g. i vitro or ex vivo. For
example, prostatic cells (e.g., malignant or normal, benign or hyperplastic prostate epithelial
cells) or non-prostatic cancerous or metastatic cells (e.g., renal, an urothelial, colon, rectal, Jung,
breast or liver, cancerous or metastatic cells) can be cultured in vitro in culture medium and the
contacting step can be effected by adding the anti-PSMA antibody or fragment thereof, to the
culture medium. The method can be performed on cells (e.g., prostatic cells, or non-prostatic
cancerous or metastatic cells) present in a subject, as part of an in vivo (e.g., therapeutic or
prophylactic) protocol. For in vivo embodiments, the contacting step is effected in a subject and
includes administering the anti-PSMA antibody or fragment thereof to the subject under
conditions effective to permit both binding of the antibody or fragment to the cell, or the va.scular
endothelial cell proximate to the cell, and the treating, e.g., the killing or ablating of the cell..
[00282] Examples of prostatic disorders that can be treated or prevented inclde,
but are not limited to, genitourinary inflammation (e.g., inflammation of smooth muscle cell s) as
in prostatitis; benign enlargement, for example, nodular hyperplasia (benign prostatic hypertrophy
or hyperplasia); and cancer, e.g., adenocarcinoma or carcinoma, of the prostate and/or testicular
tumors. “Recurrence” or “recurrent” prostate cancer, as used herein, refers to an increase im PSA
levels after an anti-cancer treatment (e.g., prostatectomy or radiation) to greater than 0.4ng/cL in
two consecutive tests spaced by a one month period. After an anti-cancer treatment such as a
prostatectomy or radiation, PSA levels drop to low and in some cases undetectable levels in_ the
blood. This drop in PSA levels below 0.4 ng/dL allows PSA levels to be followed in order #o
determine if there has been cancer recurrence in a subject. Cancer recurrence can occur ovesr a
short period of time from fhe anti-cancer treatment, e.g., a few months after treatment, or cam
occur several years after an anti-cancer treatment. For example, in prostate cancer patients,
recurrence can happen several years after an anti-cancer treatment, e.g., up to 4, 5, 6, 7, 8, 9, 10,

12, 14, 15 years after treatment. Recurrence can be classified as “local recurrence” or “distant
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recurrence”. “Local recurrence” refers to cancers which recur in tissue or organs adjacent to or
proximate to the cancerous tissue or organ. For example, in subjects having prostate cancer,
local recurrence can occur in tissue next to the prostate, in the seminal vesicles, the surrounding
lymph nodes in the pelvis, the muscles next to the prostate, and the rectum and/or walls of the
pelvis. “Distant recurrence” refers to cancers which recur distant from the cancerous tissue or
organ. For example, in subjects having prostate cancer, distant recurrence includes cancers
which spread to the bones or other organs.

[00283] As used herein, the term "cancer” is meant to include all types of cancerous
growths or oncogenic processes, metastatic tissues or malignantly transformed cells, tissues, or
organs, irrespective of histopathologic type or stage of invasiveness.

[00284] Examples of non-prostatic cancerous disorders include, but are not limited to,
solid tumors, soft tissue tumors, and metastatic lesions. Examples of solid tumors include
malignancies, e.g., sarcomas, adenocarcinomas, and carcinomas, of the various organ systems,
such as those affecting lung, breast, lymphoid, gastrointestinal (e.g., colon), and genitourinary
tract (e.g., renal, urothelial cells), pharynx. Adenocarcinomas include malignancies such as most
colon cancers, rectal cancer, renal-cell carcinoma, liver cancer, non-small cell carcinoma of the
lung, cancer of the small intestine and cancer of the esophagus. Metastatic lesions of the
aforementioned cancers can also be treated or prevented using the methods and compositions of
the invention.

[00285] The subject method can be useful in treating malignancies of the various organ
systems, such as those affecting lung, breast, lymphoid, gastrointestinal (e.g., colon), bladder,
genitourinary tract (e.g., prostate), pharynx, as well as adenocarcinomas which include
malignancies such as most colon cancers, renalfcell carcinoma, prostate cancer and/or testicular
tumors, non-small cell carcinoma of the Iung, cancer of the small intestine and cancer of the
esophagus.

[00286] In other embodiments, the antibodies of the invention canrbe used for the
diagnosis and treatment of a subject experiencing pain or suffering from a pain-associated
disorder. Preferably, the subject is a human, e.g., a patient with pain or a pain-associated
disorder disclosed herein. For example, the subject could have a disease of the prostate, e.g.,
benign prostatic hyperplasia or prostate cancer, or non-prostate cancer, e.g., a cancer having

vasculature which expresses PSMA (e.g., renal, urothelial (e.g., bladder), testicular, colon, rectal,
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lung (e.g., non-small cell lung carcinoma), breast, liver, neural (e.g., neuroendocrine), glial (e.g.,
glioblastoma), or pancreatic (e.g., pancrea‘pic duct) cancer, melanoma (€.8., malignant
melanoma), or soft tissue sarcoma). The pain can be associated with bones, as well as with
obstructive voiding symptoms due to enlarged prostate, €.g., urinary hesitancy or diminished
urinary stream, frequency or nocturia. The treatment of pain using the anti-PSMA antibodies of
the invention can lead to a decreased or dramatically lowered need, or even eliminate the need,
for analgesics, e.g., narcotics. In addition, by reducing pain, the methods of treatment can restore
the mobility of, e.g., limbs, that have become dysfunctional as a result of pain associated with
movement.

[00287] Methods of administering antibody molecules are described above. Suitable
dosages of the molecules used will depend on the age and weight of the subject and the particular
drug used. The antibody molecules described herein can be used as competitive agents for
ligand binding to inhibit, reduce an undesirable interaction.

[00288] In one embodiment, the anti-PSMA antibodies, e.g., the modified anti-PSMA
antibodies, or antigen-binding fragments thereof, can be used to kill or ablate cancerous cells and
normal, benign hyperplastic, and cancerous prostate epithelial cells in vivo. For example, the
anti-PSMA antibodies can be used to treat or prevent a disorder described herein. The
antibodies, e.g., the modified antibodies, (or fragments thereof) can be used by themselves or
conjugated to a second agent, e.g., a cytotoxic drug, radioisotope, or a protein, e.g., 2 protein
toxin or a viral protein. This method includes: administering the antibody, alone or conjugated
to a cytotoxic drug, to a subject requiring such treatment.

[00289] Since the anti-PSMA antibodies (or fragments thereof) recognize normal, benign
hyperplastic, and cancerous prostate epithelial cells, any such cells to which the antibodies bind
are destroyed. Although such administration may destroy normal prostate epithelial cells, this is
not problematic, because the prostate is not required for life or survival. Although the prostate
may indirectly contribute to fertility, this is not likely to be a practical consideration in patients
receiving the treatment of the present invention. In the case of cancerous tissues, since the
antibodies recognize vascular endothelial cells that are proximate to cancerous cells, binding of
the antibody/cytotoxic drug complex to these vascular endothelial cells destroys them, thereby
cutting off the blood flow to the proximate cancerous cells and, thus, killing or ablating these

cancerous cells. Alternatively, the antibodies, by virtue of their binding to vascular endothelial
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cells that are proximate to cancerous cells, are localized proximate to the cancerous cells. Thus,
by use of suitable antibodies (including those containing substances effective to kill cells
nondiscriminatingly but only over a short range), cells in cancerous tissue (including cancerous
cells) can be selectively killed or ablated.
[00290] The antibodies of the present invention may be used to deliver a variety of
therapeutic agents, e.g., a cytotoxic moiety, e.g., a therapeutic drug, a radioisotope, molecules of
plant, fungal, or bacterial origin, or biological proteiﬁs (e.g., protein toxins) or particles (e.g., a
recombinant viral particles, e.g., via a viral coat protein), or mixtures thereof. The therapeutic
agent can be an intracellularly active drug or other agent, such as short-range radiation emitters,
including, for example, short-range, high-energy o.-emitters, as described herein. In some
preferred embodiments, the anti-PSMA antibody, or antigen binding fragment thereof, can be
| coupled to a molecule of plant or bacterial origin (or derivative thereof), e.g., a maytansinoid
(e.g., maytansinol or the DM1 maytansinoid, see Figure 15). DM1 is a sulfhydryl-containing
derivative of maytansine that can be linked to antibodies via a linker, e.g., a disulfide linker that
releases DM1 when inside target cells. Maytansine is a cytotoxic agent that effects cell killing
by preventing the formation of microtubules and depolymerization of extant microtubules. It is
100- to 1000-fold more cytotoxic than anticancer agents such as doxorubicin, methotrexate, and
vinca alkyloid, which are currently in clinical use. Alternatively, the anti-PSMA antibody, or
antigen binding fragment thereof, can be coupled to a taxane, a calicheamicin, a proteosome
inhibitor, or a topoisomerase inhibitor. [(1R)-3-methyl-1-[[(2S)-1-0x0-3-phenyl-2-[(3-
mercaptoacetyl) amino]propyl]amino]butyl] Boronic acid is a suitable proteosome inhibitor.
N,N'-bis[2-(9-methylphenazine-1-carboxamido)ethyl]-1,2-ethanediamine is a suitable
topoisomerase inhibitor, Enzymatically active toxins and fragments thereof are exemplified by
diphtheria toxin A fragment, nonbinding active fragments of diphtheria toxin, exotoxin A (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, a-sacrin, certain
Aleurites fordii proteins, certain Dianthin proteins, Phytolacca americana proteins (PAP, PAPII
and PAP-S), Morodica charantia inhibitor, curcin, crotin, Sapornaria officinalis inhibitor,
gelonin, mitogillin, restrictocin, phenomycin, and enomycin. In a preferred embodiment, the
anti-PSMA antibody is conjugated to maytansinoids, e.g., maytansinol (see US Patent No.
5,208,020), CC-1065 (see US Patent Nos. 5,475,092, 5,585,499, 5,846,545). Procedures for
preparing enzymatically active polypeptides of the immunotoxins are described in W084/03508
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and W085/03508, which are hereby incorporated by reference, and in the appended Examples
below. Examples of cytotoxic moieties that can be conjugated to the antibodies include
adriamycin, chlorambucil, daunomycin, methotrexate, neocarzinostatin, and platinum.

[00291] To kill or ablate normal, benign hyperplastic, and cancerous prostate epithelial
cells, a first antibody, e.g., a modified antibody, can be conjugated with a prodrug which is
activated only when in close proximity with a prodrug activator. The prodrug activator is
conjugated with a second antibody, e.g., a second modified antibody according to the present
invention, preferably one that binds to a non-competing site on the prostate specific membrane
antigen molecule. Whether two modified antibodies bind to competing or non-competing
binding sites can be determined by conventional competitive binding assays. For example,
monoclonal antibodies J591, J533, and E99 bind to competing binding sites on the prostate
specific membrane antigen molecule. Monoclonal antibody J415, on the other hand, binds to a
binding site that is non-competing with the site to which J591, J533, and E99 bind. Thus, for
example, the first modified antibody can be one of J591, J533, and E99, and the second modified
antibody can be J415. Alternatively, the first modified antibody can be J415, and the second-
modified antibody can be one of J591, J533, and E99. Drug-prodrug pairs suitable for use in the
practice of the present invention are described in Blakely et al., "ZD2767, an Improved System
for Antibody-directed Enzyme Prodrug Therapy That Results in Tumor Regressions in
Colorectal Tumor Xenografts," (1996) Cancer Research, 56:3287-3292, which is hereby
incorporated by reference.

[00292] A number of linkers can be used to couple the therapeutic agent to the anti-PSMA
antibody. For exafnple, a disulfide linkage can be used, as described below in Example 15, and
in Saito et al., Adv. Drug Delivery Reviews, 55:199-215 (2003); inter alia. Linkers that are
sensitive to the lower pH found in endosomes can also be used, including hydrazones, ketals

~ and/or aconitic acids. A hybrid linker can also be used, e.g., a linker with two or more potential -
cleavage sites, e.g., 2 disulfide and a hydrazone. Peptidase-sensitive linkers can also be used,
e.g., tumor-specific peptidases, for example, linkers sensitive to cleavage by PSA. PEG linkers
can also be used (Wiiest et al., Oncogene 21:4257-4265 (2002)). Exemplary linkers include
hydrazone and disulfide hybrid linkers (Seattle Genetics; see Hamann et al., Bioconjugate Chem.
13:47-58 (2002); Hamann et al., Bioconjug Chem. 13(1):40-6 (2002)); SPP (Immunogen); and a

variety of linkers available from Pierce Biotechnology, Inc. In some embodiments, the linker is
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SSP (a disulfide linker, available from Immunogen), and the ratio of linker to antibody can be
varied from, e.g., 7:1 (7 linkers per antibody molecule) to 4:1. Preferably, the ratio is less than

- 7:1,e.g.,6.3:1.

[00293] Alternatively, the antibody, e.g., the modified antibody, can be coupled to high
energy radiation emitters, for example, a radioisotope, such as Bly a y-emitter, which, when
localized at the tumor site, results in a killing of several cell diameters. See, e.g., S.E. Order,

" Analysis, Results, and Future Prospective of tlie Therapeutic Use of Radiolabeled Antibody in
Cancer Therapy", Monoclonal Antibodies for Cancer Detection and Therapy, R.W. Baldwin et
al. (eds.), pp 303-316 (Academic Press 1985), which is hereby incorporated by reference. Other
suitable radioisotopes include a-emitters, such as 2125 238§ and 1At and B-emitters, such as
1%Re and *°Y. Radiotherapy is expected to be particularly effective, because prostate epithelial
cells and vascular endothelial cells within cancers are relatively radiosensitive. Moreover, Lu''’
may also be used as both an imaging and cytotoxic agent.

[00294] Radioimmunotherapy (RIT) using antibodies labeled with *'I, °°y, and ""Lu is A
under intense clinical investigation. There are significant differences in the physical
characteristics of these three nuclides and as a result, the choice of radionuclide can be important
in order to deliver maximum radiation dose to the tumor. The higher beta energy particles of °°Y
may be good for bulky tumors, but it may not be necessary for small tumors and especially bone
metastases, (e.g. those common to prostate cancer). The relatively low energy beta particles of
1311 are ideal, but iz vivo dehalogenation of radioiodinated molecules is a major disadvantage for
internalizing antibody. In contrast, !’'Lu has low energy beta particle with only 0.2-0.3 mm
range and delivers much lower radiation dose to bone marrow compared to *°Y. In addition, due
to longer physical half-life (compared to %%y), the tumor residence times are higher. As a result,
higher activities (more mCi amounts) of 7] 1 1abeled agents can be administered with
comparatively less radiation dose to marrow. There have been several clinical studies
investigating the use of '""Lu labeled antibodies in the treatment of various cancers. (Mulligan T
et al. (1995) Clin Cancer Res. 1: 1447-1454; Meredith RF, et al. (1996) J Nucl Med 37:1491-
1496; Alvarez RD, et al. (1997) Gynecologic Oncology 65: 94-101).

[00295] The antibodies of the invention can also be conjugated or fused to viral surface
proteins present on viral particles. For example, a single-chain anti-PSMA antibody of the

present invention could be fused (e.g., to form a fusion protein) to a viral surface protein.
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Alternatively, a whole anti-PSMA antibody of the present invention, or a fragment thereof, could
be chemically conjugated (e.g., via a chemical linker) to a viral surface protein. Preferably, the
virus is one that fuses with endocytic membranes, e.g., an influenza virus, such that the virus is
internalized along with the anti-PSMA antibody and thereby infects PSMA-expressing cells.

The virus can be genetically engineered as a cellular toxin. For example, the virus could express
or induce the expression of genes that are toxic to cells, e.g., cell death promoting genes.
Preferably, such viruses would be incapable of viral replication. '

[00296] The antibodies, e.g., the modified antibodies of the invention, can be used directly
in vivo to eliminate antigen-expressing cells via natural complement or antibody-dependent
cellular cytotoxicity (ADCC). Modified antibody molecules of the invention, which have
complement binding sites, such as portions from IgGl, -2, or -3 or IgM which bind complement
can also be used in the presence of complement. In one embodiment, ex vivo treatment of a
population of cells comprising target cells with a binding agent of the invention and appropriate
effector cells can be supplemented by the addition of complement or serum containing
complement. Phagocytosis of target cells coated with modified antibodies or fragments thereof
of the invention can be imbroved by binding of complement proteins. In another embodiment,
target cells coated with the modified antibodies or fragments thereof can also be lysed by
complement.

[00297] The antibodies, e.g., the modified antibodies, of the present invention can be used
and sold together with equipment, as a kit, to detect the particular label.

[00298] Also encompassed by the present invention is a method of killing or ablating cells
which involves using the antibodies described herein, e.g., the modified antibodies for preventing
a PSMA-related disorder. For example, these materials can be used to prevent or delay
development or progression of prostate or other cancers.

[00299] Use of the therapeutic methods of the present invention to treat prostate and other
cancers has a number of benefits. Since the antibodies according to the present invention only
target cancerous cells (such as cells of cancerous tissues containing vascular endothelial cells)
and prostate epithelial cells, other tissue is spared. As a result, treatment with such antibodies is
safer, particularly for elderly patients. Treatment according to the present invention is expected
to be particularly effective, because it directs high levels of antibodies, e.g., modified antibodies,

such as antibodies or binding portions thereof, probes, or ligands, to the bone marrow and lymph
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nodes where prostate cancer metastases and metastases of many other cancers predominate.
Moreover, the methods of the present invention are particularly well-suited for treating prostate

~ cancer, because tumor sites for prostate cancer tend to be small in size and, therefore, easily
destroyed by cytotoxic agents. Treatment in accordance with the present invention can be
effectively monitored with clinical parameters, such as, in the case of prostate cancer, seruin
prostate specific antigen and/or pathological features of a patient’s cancer, including stage,
Gleason score, extracapsular, seminal, vesicle or perineural invasion, positive margins, involved
lymph nodes, disease related pain, e.g., bone pain, etc. Alternatively, these parameters can be
used to indicate when such treatment should be employed.

[00300] The invention also features methods of treating pain, e.g., reducing pain,
experienced by a subject having or diagnosed with prostate disease, e.g., benign prostaﬁc :
hyperplasia or prostate cancer, or non-prostate cancer, ¢.g., a cancer having vasculature which
expresses PSMA (e.g., renal, urothelial (e.g., bladder), testicular, colon, rectal, lung (e.g., non-
small cell lung carcinoma), breast, liver, neural (e.g., neuroendocrine), glial (e.g., glioblastoma),
or pancreatic (e.g., pancreatic duct) cancer, melanoma (e.g., malignant melanoma), or soft tissue
sarcoma). The methods include administering an anti-PSMA antibody as described herein, e.g.,
a modified anti-PSMA antibody, to a subject in an amount sufficient to treat, e.g., reduce, the
pain associated with prostate disease or non-prostate cancer. The subject may have no signs of
prostate disease or non-prostate cancer other than, e.g., elevated levels of serum PSA and the
sensation of pain. Patients that have prostate cancer often experience bone pain, as well as, pain
associated with obstructive voiding symptoms due to enlarged prostate, e.g., urinary hesitancy or
diminished urinary stream, frequency or nocturia. The treatment of pain using the anti-PSMA
antibodies of the invention can lead to a decreased or dramatically lowered need, or even
eliminate the need, for analgesics, e.g., narcotics. By reducing pain, the methods of treatment
can restore the mobility of, e.g., limbs, that have become dysfunctional as a result of pain
associated with movement.

[00301] Because the antibodies, e.g., the modified antibodies, of the present invention
bind to living prostate cells, therapeutic methods for treating prostate cancer using these
antibodies are not dependent on the presence of lysed prostate cells. For the same reasons,
diagnostic and imaging methods which determine the location of living normal, benign

hyperplastic, or cancerous prostate epithelial cells (as well as vascular endothelial cells within
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cancers) are much improved by employing the antibodies of the present invention. In addition,
the ability to differentiate between living and dead pfostate cells can be advantageous, especially
to monitor the effectiveness of a particular treatment regimen.

[00302] The antibodies, e.g., the modified antibodies, or antigen-binding portions thereof,
of the present invention bind to extracellular domains of prostate specific membrane antigens or
portions thereof in normal, benign hyperplastic, and cancerous prostate epithelial cells as well as
vascular endothelial cells proximate to cancerous cells. As a result, when practicing the methods
of the present invention to kill, ablate, or detect normal, benign hyperplastic, and cancerous
prostate epithelial cells as well as vascular endothelial cells proximate to cancerous cells, the
antibodies, e.g., the modified antibodies, bind to all such cells, not only to cells which are fixed
or cells whose intracellular antigenic domains are otherwise exposed to the extracellular
environment. Consequently, binding of the antibodies, e.g., the modified antibodies, is
concentrated in areas where there are prostate epithelial cells, irrespective of whether these cells
are fixed or unfixed, viable or necrotic. Additionally or alternatively, these antibodies, e.g., these
modified antibodies, or binding portions thereof, bind to and are internalized with prostate
specific membrane antigens or portions thereof in normal, benign hyperplastic, and cancerous

prostate epithelial cells.

Combination Therapy
[00303] The anti-PSMA antibodies described herein, e.g., the modified anti-PSMA

antibodies, or antigen-binding fragments thereof, may be used in combination with other
therapies. Administered "in combination", as used herein, means that two (or more) different
treatments are delivered to the subject during the course of the subject’s affliction with the
disorder, e.g., the two or more treatments are delivered after the subject has been diagnosed with
the disorder and before the disorder has been cured or eliminated or treatment has ceased for
other reasons. In some ¢mbodiments, the delivery of one treatment is still occurring when the
delivery of the second begins, so that there is overlap in terms of administration. This is
sometimes referred to herein as "simultaneous” or "concurrent delivery." In other embodiments,
the delivery of one treatment ends before the delivery of the other treatment begins. In some
embodiments of either case, the treatment is more effective because of combined administration.

For example, the second treatment is more effective, e.g., an equivalent effect is seen with less of
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the second treatment, or the second treatment reduces symptoms to a greater extent, than would
be seen if the second treatment were administered in the absence of the first treatment, or the
analogous situation is seen with the first treatment. In some embodiments, delivery is such that
the reduction in a symptom, or other parameter related to the disorder is greater- than what would
be observed with one treatment delivered in the absence of the other. The effect of the two
treatments can be partially additive, wholly additive, or greater than additive. T he delivery can
be such that an effect of the first treatment delivered is still detectable when the second is
delivered.
[00304] Exemplary therapeutic agents include taxol, cytochalasin B, grarmicidin D,
ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinb lastine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramy-cin, actinomycin -
| D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol,
puromycin, maytansinoids, e.g., maytansinol (see US Patent No. 5,208,020), CC-1065 (see US
Patent Nos. 5,475,092, 5,585,499, 5,846,545) and analogs or homologs thereof. Therapeutic
agents include, but are not limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-
thioguanine, cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine,
thioepa chlorambucil, CC-1065, melphalan, carmustine (BSNU) and lomustine (CCNU),
cyclophosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, amd cis-
dichlorodiamine platinum (IT) (DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly
daunomycin) and doxorubicin), antibiotics (e.g., dactinomycin (formerly actinoamycin),
bleomycin, mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g~., vincristine,
vinblastine, taxol and maytansinoids). In particular, vinblastine, estramustine, and/or
mitoxantrone can be used in combination with the DM1-coupled anti-PSMA antibodies
described herein. In another embodiment, the anti-PSMA antibody is coupled to a therapeutic
agent other than DM1, and the antibody is administered in combination with a taxane, e.g.,
paclitaxel or taxol. A
[00305] In other embodiments, the anti-PSMA antibodies are administeresd in combination
with other therapeutic treatment modalities, including surgery, radiation, cryosuxgery, and/or
thermotherapy. Such combination therapies may advantageously utilize lower dosages of the
administered therapeutic agents, thus avoiding possible toxicities or complications associated

with the various monotherapies.
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[00306] In other embodiments, the anti-PSMA antibodies are administered in combination
with another antigen-specific antibody, e.g., an antibody that is conjugated to a therapeutic agent,
e.g., an antibody that targets an antigen other than PSMA, e.g., an antigen on a non-PSMA
expressing cell. The method can further include administering the anti-PSMA antibody with
two, three, four or more antigen-specific antibodies. The anti-PSMA antibody and additional
antigen-specific antibodies can be conjugated, e.g., with the same or different therapeutic agents
or labels, or one or more of the antibodies can be unconjugated.

[00307] Anti-PSMA antibodies of the invention can be administered in combination with
one or more of the existing modalities for treating prostate cancers, including, but not limited to:
surgery (e.g., radical prostatectomy); radiation therapy (e.g., external-beam therapy which
involves three dimensional, conformal radiation therapy where the field of radiation is designed
to conform to the volume of tissue treated; interstitial-radiation therapy where seeds of
radioactive compounds are implanted using ultrasound guidance; and a combination of
external-beam therapy and interstitial-radiation therapy); hormonal therapy, which can be
administered before or following radical prostatectomy or radiation (e.g., treatments which
reduce serum testosterone concentrations, or inhibit testosterone activity, e.g., administering a
leuteinizing hormone-releasing hormone (LHRH) analog or agonist (e.g., Lupron, Zoladex,
leuprolide, buserelin, or goserelin) or antagonists (e.g., Abarelix). Non-steroidal anti-androgens,
e.g., flutamide, bicalutimade, or nilutamide, can also be used in hormonal therapy, as well as
steroidal anti-androgens (e.g., cyproterone acetate or megastrol acetate), estrogens (e.g.,
diethylstilbestrol), PROSCAR™, secondary or tertiary hormonal manipulations (e.g., involving
corticosteroids (e.g., hydrocortisone, prednisone, or dexamethasone), ketoconazole, and/or
aminogluthethimide), inhibitors of 5a-reductase (e.g., finisteride), herbal preparations (e.g., PC-
SPES), hypophysectomy, and adrenalectomy. Furthermore, hormonal therapy can be performed
intermittently or using combinations of any of the above treatments, e.g., combined use of
leuprolide and flutamide.

[00308] In other embodiments, the anti-PSMA antibodies, e.g., the modified anti-PSMA
antibodies, are administered in combination with an immunomodulatory agent, e.g., IL-1, 24, 6,
or 12, or interferon alpha or gamma. As described in Example 14 below, the combination of
antibodies having a human constant regions and IL-2 potentially is expected to enhance the

efficacy of the monoclonal antibody. IL-2 will function to augment the reticuloendothelial
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system to recognize antigen-antibody complexes by its effects on NK cells and macrophages.
Thus, by stimulating NK cells to release IFN, GM-CSF, and TNF, these cytokines will increase
the cell surface density of Fc receptors, as well as the phagocytic capacities of these cells.
Therefore, the effector arm of both the humoral and cellular arms will be artificially enhanced.
The net effect will be to improve the efficiency of monoclonal antibody therapy, so that a
maximal response may be obtained. A small number of clinical trials have combined IL-2 with a
monoclonal antibody (Albertini et al. (1997) Clin Cancer Res 3:1277-1288; Frost et al. (1997)
Cancer 80:317-333; Kossman et al. (1999) Clin Cancer Res 5:2748-2755). IL-2 can be
administered by either bolus or continuous infusion. Accordingly, the antibodies of the
invention can be administered in combination with IL-2 to maximize their therapeutic potential.
[00309] The combination therapy can also include a composition of the present invention
coformulated with, and/or coadministered with, one or more additional therapeutic agents, e.g.,
one or more anti-cancer agents, cytotoxic or cytostatic agents, hormone treatment, vaccines,

and/or other immunotherapies.

Diagnostic Uses

[00310] In one aspect, the present invention provides a diagnostic method for detecting the
presence of a PSMA protein in vitro (e.g., in a biological sample, such as a tissue biopsy, e.g.,
from a cancerous or prostatic tissue) or in vivo (e.g., in vivo imaging in a subject). The method
includes: (i) contacting the sample with an anti-PSMA antibody or fragment thereof (e.g., a
modified anti-PSM A antibody), or administering to the subject, the anti-PSMA antibody (e.g.,
the modified anti-PSMA antibody); (optionally) (ii) contacting a reference sample, e.g., a control
sample (e.g., a control biological sample, such as plasma, tissue, biopsy) or a control subject));
and (iii) detecting formation of a complex between the anti-PSMA antibody, and the sample or
subject, or the control sample or subject, wherein a change, e.g., a statistically significant change,
in the formation of the complex in the sample or subject relative to the control sample or subject
is indicative of the presence of PSMA in the sample.

[00311] Preferably, the anti-PSMA antibody (or fragment thereof) is directly or indirectly
labeled with a detectable substance to facilitate detection of the bound or unbound antibody.

Suitable detectable substances include various enzymes, prosthetic groups, fluorescent materials,
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luminescent materials and radioactive materials, as described above and described in more detail
below.

[00312] Complex formation between the anti-PSMA antibody and PSMA can be detected
by measuring or visualizing either the antibody (or antibody fragment) bound to the PSMA
antigen or unbound antibody (or antibody fragment). Conventional detection assays can be used,
e.g., an enzyme-linked immunosorbent assays (ELISA), an radioimmunoassay (RIA) or tissue
immunohistochemistry. Alternative to labeling the anti-PSMA antibody, the presence of PSMA
can be assayed in a sample by a competition immunoassay utilizing standards labeled with a
detectable substance and an unlabeled anti-PSMA antibody. In this assay, the biological sample,
the labeled standards and the PSMA binding agent are combined and the amount of labeled
standard bound to the unlabeled antibody is determined. The amount of PSMA in the sample is
inversely proportional to the amount of labeled standard bound to the PSMA binding agent.
[00313] In still another embodiment, the invention provides a method for detecting the
presence of PSMA—expressing cancerous tissues (particularly the vascular endothelial cells
therein) and normal, benign hyperplastic, and cancerous prostate epithelial cells in vivo. The
method includes (i) administering to a subject (e.g., a patient having a cancer or prostatic
disorder) an anti-PSMA antibody, preferably a modified antibody, conjugated to a detectable
marker; (ii) exposing the subject to 2 means for detecting said detectable marker to the PSMA-
expressing tissues or cells. Particularly preferred antibodies include modified antibodies having
CDRs from any of a J591, J415, J533 or E99, and in particular deimmunized versions of these
antibodies, particularly deJ591 or deJ415. '

[00314] Examples of labels useful for diagnostic imaging in accordance with the present
invention ére radiolabels such as 1, 11'n, 1231, ™T¢, 32p, 1271, *H, 'C, and '**Rh, fluorescent
labels such as fluorescein and rhodamine, nuclear magnetic resonance active labels, positron
emitting isotopes detectable by a positron emission tomography ("PET") scanner,
chemiluminescers such as luciferin, and enzymatic markers such as peroxidase or phosphatase.
Short-range radiation emitters, such as isotopes detectable by short-range detector probes, such
as a transrectal probe, can also be employed. These isotopes and transrectal detector probes,
when used in combination, are especially useful in detecting prostatic fossa recurrences and
pelvic nodal disease. The modified antibody can be labeled with such reagents using techniques

known in the art. For example, see Wensel and Meares (1983) Radioimmunoimaging and
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Radioimmunotherapy, Elsevier, New York, which is hereby incorporated by reference, for
techniques relating to the radiolabeling of antibodies. See also, D. Colcher et al. (1986) Meth.
Enzymol. 121: 802-816, which is hereby incorporated by reference.

[00315] Tn the case of a radiolabeled antibody, the antibody is administered to the patient,
is localized to the tumor bearing the antigen with which the antibody reacts, and is detected or
"imaged" in vivo using known techniques such as radionuclear scanning using e.g., a gamma
camera or emission tomography. See e.g., AR. Bradwell et al., "Developments in Antibody
Imaging", Monoclonal Antibodies for Cancer Detection and Therapy, R.W. Baldwin et al.,
(eds.), pp 65-85 (Academic Press 1985), which is hereby incorporated by reference.
Alternatively, a positron emission transaxial tomography scanner, such as designated Pet V1
located ét Brookhaven National Laboratory, can be used where the radiolabel emits positrons
(e.g., 1'C, ¥F, 1°0, and 13N,

[00316] Fluorophore and chromophore labeled antibodies, e.g., modified antibodies, can
be prepared from standard moieties known in the art. Since antibodies and other proteins absorb
light having wavelengths up to about 310 nm, the fluorescent moieties should be selected to have
substantial absorption at wavelengths above 310 nm and preferably above 400 nm. A variety of
suitable fluorescent compounds and chromophores are described by Stryer (1968) Science,
162:526 and Brand, L. et al. (1972) Annual Review of Biochemistry, 41:843-868, which are
hereby incorporated by reference. The-antibodies can be labeled with fluorescent chromophore
groups by conventional procedures such as those disclosed in U.S. Patent Nos. 3,940,475,
4,289,747, and 4,376,110, which are hereby incorporated by reference.

[00317] One group of fluorescers having a number of the desirable properties described
above is the xanthene dyes, which include the fluoresceins derived from
3,6-dihydroxy-9-henylxanthhydrol and resamines and rhodamines derived ﬁom
3,6-diamino-9-phenylxanthydrol and lissanime rhodamine B. The rhodamine and fluorescein
derivatives of 9-o0-carboxyphenylxanthhydrol have a 9-o-carboxyphenyl group. Fluorescein
compounds having reactive coupling groups such as amino and isothiocyanate groups such as
fluorescein isothiocyanate and fluorescamine are readily available. Another group of fluorescent
compounds are the naphthylamines, having an amino group in the o or § position. |
[00318] In cases where it is important to distinguish between regions containing live and

dead prostate epithelial cells or to distinguish between live and dead prostate epithelial cells, the
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antibodies of the present invention (or other modified antibodies of the present invention),
Jabeled as described above, can be coadministered along with an antibody or other modified
antibody which recognizes only living or only dead prostate epithelial cells labeled with a label
which can be distinguished from the label used to label the subject antibody. By monitoring the
concentration of the two labels at various locations or times, spatial and temporal concentration
variations of living and dead normal, benign hyperplastic, and cancerous prostate epithelial cells
can be ascertained. In particular, this method can be carried out using the labeled antibodies of
the present invention, which recognize both living and dead epithelial prostate cells, and labeled
7E11 antibodies (Horoszewicz et al. (1987) Anticancer Research 7:927-936), which recognize
only dead epithelial prostate cells.

[00319] In other embodiments, the invention provide methods for determining the dose,
e.g., radiation dose, that different tissues are exposed to when a subject, e.g., a human subject, is
administered an anti-PSMA antibody that is conjugated to a radioactive isotope. The method
includes: (i) administering an anti-PSMA antibody as described herein, €.g., a modified anti-
PSMA antibody, that is labeled with a radioactive isotope to a subject; (ii) measuring the amount
of radioactive isotope located in different tissues, e.g., prostate, liver, kidney, or blood, at various
time points until some or all of the radioactive isotope has been eliminated from the body of the
subject; and (iii) calculating the total dose of radiation received by each tissue analyzed. The
measurements can be taken at scheduled time points, e.g., day 1, 2, 3, 5, 7, and 12, following
administration (at day 0) of the radioactively labeled anti-PSMA antibody to the subject. The
concentration of radioisotope present in a given tissue, integrated over time, and multiplied by
the specific activity of the radioisotope can be used to calculate the dose that a given tissue
receives. Pharmacological information generated using anti-PSMA antibodies labeled with one
radioactive isotope, e.g., a gamma-emitter, e.g., 1n, can be used to calculate the expected dose
that the same tissue would receive from a different radioactive isotope which cannot be easily

measured, e.g., a beta-emitter, e.g., 'd

Pharmacogenomics
[00320] With regards to both prophylactic and therapeutic methods of treatment, such

treatments may be specifically tailored or modified, based on knowledge obtained from the field

of pharmacogenomics. "Pharmacogenomics", as used herein, refers to the application of
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genomics technologies such as gene sequencing, statistical genetics, and gene expression
analysis to drugs in clinical development and on the market. See, for example, Eichelbaum, M.
et al. (1996) Clin. Exp. Pharmacol. Physiol. 23:983-985 and Linder, M.W. et al. (1997) Clin.
Chem. 43:254-266. Differences in metabolism of therapeutics can lead to severe toxicity or
therapeutic failure by altering the relation between dose and blood concentration of the
pharmacolo gibally active drug. In general, two types of pharmacogenetic conditions can be
differentiated. Genetic conditions transmitted as a single factor altering the way drugs act on the
body (altered drug action) or genetic conditions transmitted as single factors altering the way the
body acts on drugs (altered drug metabolism). These pharmacogenetic conditions can occur
either as rare genetic defects or as naturally-occurring polymorphisms. More specifically, the
term refers the study of how a patient's genes determine his or her response to a drug (e.g., a
patient's "drug response phenotype," or "drug response genotype.") Thus, another aspect of the
invention provides methods for tailoring an individual's prophylactic or therapeutic treatment
according to that individual's drug response genotype.

[00321] Information generated from pharmacogenomic research can be used to determine
appropriate dosage and treatment regimens for prophylactic or therapeutic treatment of an
individual. This knowledge, when applied to dosing or drug selection, can avoid adverse
reactions or therapeutic failure and thus enhance therapeutic or prophylactic efficiency when
administering a therapeutic composition, e.g., a composition consisting of one or more anti-
PSMA antibodies, or derivatized form(s) thereof, to a patient, as a means of treating a disorder,
e.g., a cancer or prostatic disorder as described herein.

[00322] In one embodiment, a physician or clinician may consider applying knowledge
obtained in relevant pharmacogenomics studies when determining whether to administer a
pharmaceutical composition, e.g., a composition consisting of one or more anti-PSMA
antibodies, derivatized form(s) thereof, and optionally a second agent, to a subject. In another
embodiment, a physician or clinician may consider applying such knowledge when determining
the dosage, e.g., amount per treatment or frequency of treatments, of a pharmaceutical
composition, e.g., a pharmaceutical composition as described herein, administered to a patient.
[00323] In yet another embodiment, a physician or clinician may determine the genotypes,
at one or more genetic loci, of a group of subjects participating in a clinical trial, wherein the

subjects display a disorder, e.g., a cancer or prostatic disorder as described herein, and the

134



WO 2005/094882 PCT/US2004/006543

clinical trial is designed to test the efficacy of a pharmaceutical composition, e.g., a composition
consisting of one or more anti-PSMA antibodies, and optionally a second agent, and wherein the
physician or clinician attempts to correlate the genotypes of the subjects with their response to

the pharmaceutical composition.

Deposits
[00324] Hybridomas E99, J415, 1533, and J591 have been deposited pursuant to, and in

satisfaction of, the requirements of the Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purposes of Patent Procedure with the American Type
Culture Collection ("A.T.C.C.") at 10801 University Boulevard, Manassas, VA 20110-2209.
Hybridoma E99 was deposited on May 2, 1996, and received .A.T.C.C. Designation Number
HB-12101. Hybridoma J415 was deposited on May 30, 1996, and received A.T.C.C.
Designation Number HB-12109. Hybridomas J533 and J591 were deposited on June 6, 1996,
and received A.T.C.C. Designation Numbers HB-12127 and HB-12126, respectively.
[00325] An NSO cell line producing deimmunized J591 was deposited with American
Type Culture Collection (ATCC), 10801 University Boulevard, Manassas, VA 20110-2209, on
September 18, 2001 and assigned Accession Number PTA-3709. An NSO cell line producing
deimmunized J415 was deposited with American Type Culture Collection (ATCC), 10801
Uni?ersity Boulevard, Manassas, VA 20110-2209, on March 21, 2002 and assigned Accession
Number PTA-4174. These deposits will be maintained under the terms of the Budapest Treaty
on the International Recognition of the Deposit of Microorganisms for the Purposes of Patent
Procedure. This deposit was made merely as a convenience for those of skill in the art and is not
an admission that a deposit is required under 35 U.S.C. §112. | t
[00326] The following invention is further illustrated by the following examples, which
should not be construed as further limiting. The contents of all references, pending patent
applications and published patents, cited throughout this application are hereby expressly
incorporated by reference. ‘
EXAMPLES

Exanple 1 - Chelation Of Anti-PSMA Antibodies To '"'Indiwim, **Yttrium, and '""Lutetium
[00327] The modified anti-PSMA monoclonal antibodies can be radiolabeled with

U dium, PYttrium, or '""Lutetium by directly coupling one of the four carboxylic acid groups
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of the chelator 1,4,7,10-tetraazacyclododecane-N,N’,N”*,N**’-tetraacetic acid (DOTA) to
primary amines present on the surface of the antibodies. The DOTA conjugated antibody is then
purified, sterile filtered, and vialed. Prior to use, the purified antibodies can be mixed with the

desired radiolabel which binds to DOTA.

Chelation Process

[00328] Monoclonal antibody deJ591 was conjugated with 1,4,7,10-

tetraazacyclododecane-N,N’, N”’, N"’-tetraacetic acid (DOTA) and subsequently radiolabeled
with 'In, *°Y and 177L.u. Radiolabeling and quality control tests were performed on three
separate vials of clinical grade mAb deJ591.

[00329] All reagents used in the conjugation and purification of deJ591 were made from
pyrogen-free water. In the specific case of NH4OAC buffer and sodium phosphate buffer, the

solutions were purified with Chelex 100 (Bio-Rad, CA) to remove any metal ions.

Conjugation of Antibody with 1.4.7,10-Tetraazacyclododecane-N,N’, N”’, N””’-tetraacetic acid
(DOTA) '

[00330] The monoclonal antibody deJ591 was modified with 1,4,7,10-
tetraazacyclododecane-N,N’,N’*,N”**-tetraacetic acid (DOTA) as follows. Briefly, 25 mg of
deJ591 was concentrated in a 30 kDa microsep centrifugal concentrator (Pall Filtron, MA) and
washed with 5 x 4 mL of 1% DTPA (pH 5.0), over a period of 24 hours. The antibody buffer was
then changed to 0.1 M phosphate (pH 7.0) using the same centrifugal technique. An active ester
of DOTA was created by dissolving 146 mg DOTA (0.361 mmoles) and 36 mg N-
hydroxysuccinimide (0.313 mmoles) in 2 ml of water and adjusting the pH to 7.3 with NaOH,
prior to the addition of 10 mg of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (see below).
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1) Preparation of active ester 2) Conjugation

HOTO [? ‘:gfg?;—?\w
DOTA OS;U*VJZ, o NHS o 0 U&:

2, w

This reaction mixture was cooled on ice for 1 hour before being added to the deJ591 solution.
The resultant DOTA-deJ591 was separated from the excess DOTA and other reactants by
repeated washing with 0.3 M NH4OAc (20 x 4 mL) and centrifugal concentration. The purified
conjugate was then sterilized by filtration through a 0.22 pm filter and stored in a sterile
polypropylene vial at 4°C.,

[00331] The concentration of the DOTA-deJ591 conjugate was assayed by determining
the UV absorption at 280 nm and two 50 pL aliquots mixed with either 20 or 30 pL. of a 1.30
mM solution of InCl3 (0.01 M HCI) spiked with a tracer amount of Uy The mixture is A
incubated at 37°C for 16 hours and then analyzed by ITLC, using silica gel impregnated glass
fiber 10 cm strip (ITLC-SG, Gelman, prod. # 61885) and an eluant of 1% DTPA (pH 6.0). The
antibody bound activity remains at the origin and free !''In moves with the solvent front as an
"';-DTPA complex. The relative amounts of '''In and !'In -DOTA-J591 is determined by
cutting the ITLC strip at a Rf of 0.5 and counting the two halves with a Na(TDI detector. The
number of binding sites is calculated by considering the molar reaction ratio between '''In and
DOTA-deJ591 and the observed ratio of ''In and ''In-DOTA-J591 detected. Typically, 5.1
molecules of DOTA are conjugated to deJ591. Table 10 shows the results from two
conjugations of deJ591.
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Table 10: Calculation of the Mean Number of IDOTA Molecules Conjugated to deJ591

Test number Known Observed Mean number of
4 M POTA-J591 | ' In/DOTA-J591 | DOTA mols per
mAb
Reaction ratio TLC ratio
A 11.76 1.338 5.03
B - 17.64 2.469 5.09
Radiolabeling
[00332] The following radiolabeling procedure is described for ", but may be used

with other radiolabels such as *°Y or '’Lu. Radiolabeling was achieved by adding the "h (dn
dilute HCI) to the ammonium acetate buffered D> OTA-deJ591. To avoid the effects of
autoradiolysis on the antibody, the reaction time was minimized and the reaction mixture

purified with a size exclusion column prior to administration. Briefly, a mixture composed of 20
pL of """IinCl; (8 mCi, 0.01 M HCY, 400 pL. DOTA-deJ591 (4 mg/ml, 0.3 M NEH,OAc, pH 7) was
allowed to react at 37°C for 20 minutes. The reaction mixture was then separated on a 16 mL
Biogel-P6DG column (Bio-Rad, CA) equilibrated with 4 x 10 mL of sterile 1% HSA in PBS
(HSA meets specification for US licensed albumvin; manufactured by Central Laboratory Blood
Transfusion Service Swiss Red Cross, Bern, Swi tzerland, License No. 647). Once the reaction
mixture was loaded onto the column, it was washed with a further 2 mL of 1% HSA PBS, before
the main ""'In-DOTA-deJ591 fraction was elutecdd with 5 mL of 1% HSA PBS. The purified '* 'In-
DOTA-deJ591 was then sterile filtered into a stexile evacuated vial. Using this method, specific
activity of 7.6 mCi Mn/mg DOTA-deJ591 was achieved.

Alternative Radiolabeling Procedure for M

[00333] The following radiolabeling procedure can be used for the routine preparation of
i1y DOTA-J591 for clinical studies and stability studies. Radiolabeling is achieved by the
addition of ""'In chloride and Ammonium acetate buffer (1 M) to DOTA-J591 solution (8 mg/ml,
0.3 M Ammonium acetate, pH 7). To avoid the effects of autoradiolysis on the antibody, the
reaction time has been minimized. The labeled ' * 'In-DOTA-J591 is purified using a size
exclusion column and sterile filtered using a 0.2rm Millipore membrane filter prior to

administration to patients.
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[00334] Briefly, ammonium acetate, (10 pL for each mCi of 1n) is added to a reaction
vial containing ''In-chloride solution. Subsequently, the DOTA-J591 solution (30 mL or 0.24
mg for each mCi of 1n) is added to the reaction vial and the mixture is gently mixed and
incubated at 37°C for 20-30 min. An aliquot of the mixture is tested to determine labeling
efficiency using ITLC (SG and 5 mM DTPA, pH 5). If the binding is dptimal (>70%), the
reaction is stopped by the addition of 10-40 mL of 5 mM DTPA.

[00335] In order to separate or purify '''In-DOTA-J591 from free '''In, the reaction
mixture is applied on a Biogel-P6DG column (Bio-Rad, CA), prewashed with 4 x 10 ml of PBS
containing 1% Human Serum Albumin (meets specification for US licensed albumin;
manufactured by Central Laboratory Blood Transfusion Service Swiss Red Cross, Bern,
Switzerland, License No. 647). The '"'In-DOTA-J591 is eluted from the column using PBS with
1% HSA and the fractions containing the labeled antibody (typically 5-8 ml) are collected into a
sterile container. Following determination of radiochemical purity using ITLC (as before), and if
the labeling efficiency is >95%, the labeled complex is filtered into a sterile vial using 0.2m

Filter. The final specific activity is typically 3-5 mCi/mg of antibody.

Radiolabeling with *°Y
[00336] The procedure is identical to the procedure described above for My, except the
incubation time is 10-15 min. Radiochemical purity of 90Y-DOTA-J591 must be >97%.

Radiolabeling with !”’Lu

[00337] The procedure is similar to the procedure described above except for two changes.
The amount of Ammonium acetate added is reduced (3-5 mL for each mCi of '""Lu) and the
incubation time is only 5 min. Radiochemical purity of " u-DOTA-J591 should be >97%.

Radiochemical Purity

[00338] The amount of free !''In in radiolabeled DOTA-deJ591 preparations was
evaluated using the instant thin layer chromatography method with a silica gel impregnated glass
fiber support and a mobile phase of 1% DTPA (pH 5.5). Briefly, a portion of the radiolabeled
DOTA-deJ591 was spotted on a 10 cm ITLC-SG strip (Gelman, prod. # 61885) and developed in
1% DTPA (pH 5.5). Once the solvent front had reached the end of the strip, it was removed from

139



WO 2005/094882 PCT/US2004/006543

the solvent and cut at a R¢ of 0.5. The two portions were assayed For radioactivity and the

radiochemical purity determined using the following equation:

Radiochemical purity = (Activity in between R¢ 0 and 0.5)/(Total activity in strip)

Immunoreactivity
[00339] The immunoreactivity of the *''In-DOTA-deJ591 preparations was assessed

according to the method of Lindmo (Lindmo T. et al. (1994) J. Iramunol. Methods, 72:77-89,
1994) that extrapolates the binding of the radiolabeled antibody a-t an infinite excess of antigen.
Briefly, five test solutions were prepared (in duplicate) containing 10,000 cpm of Mm-DOTA-
deJ591 and various amounts of LNCaP cells, in a total test volume of 250 pL of 0.2 % BSA 10
mM HEPES. The solutions were incubated at 4°C for 60 minutes prior to being isolated (by
centrifugation) and washed with ice cold PBS. The membranes vwere then counted in a gamma
counter with standards representing the total radioactivity added. The data Was plotted using the
Lindmo method as the reciprocal of the substrate concentration (>-axis) against the reciprocal of
the fraction bound (y-axis). The data was then fitted according to a least squares linear regression
method (Sigma Plot) and the y intercept taken as the reciprocal of the immunoreactivity. A
similar method using membranes derived from LNCaP cells, and subsequent centrifugation
isolation of the membranes, gave similar results. The results gaves an average immunoreactivity
of 72% (see Table 11).

Immunohistochemistry
[00340] Immunohistochemistry was performed on the DOTA conjugated, partially

purified, bulk intermediate deJ591. The results showed that the preparation was specific to

prostate tissue and the reactivity was equivalent to the naked deJ591 antibody.

Sterility
[00341] The sterility of '''In-DOTA-deJ591 preparations wwas determined using

thioglycollate medium according to the method of USP 24/NF 19. Briefly, quadruplicate 0.1 mL
samples of the '''In-DOTA-deJ591 preparations were transferred. to 15 mL of fluid thioglycollate

medium and the mixture incubated at 35°C for 14 days. The med-ia were visually inspected on
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the 4th, 7th and 14 days of any signs of growth. All three preparations showed no growth (See
Table 11).

Endotoxin

[00342] The endotoxin of '''In-DOTA-deJ591. preparations was determined using the
Limulus amoebocyte lysate assay according to the U SP 24/NF 19. Briefly, a Limulus
amoebocyte lysate kit (Bio Whittaker lot # 7L3790, sensitivity 0.125EU/mL) was reconstituted
with 0.25 mL of test sample. The quadruplicate test samples, artificially positive test samples,
negative controls and positive controls were incubated at 37°C for 60 minutes. Positive results
were typified by the formation of a viscous gel that was unaffected by 180° inversion. The
single preparation gave a value of less than 5 EU/mL_. This assay can (and will) be repeated on

the patient dose immediately prior to administration.

Table 11: Analytical Results of Radiolabeled ' In-IDOTA-deJ591

Test Result
Radiolabeling yield 85%
Radiochemical Purity >99%
Immunoreactivity 72%
Endotoxin <5 Euw/mL
Sterility Sterile

Lot # of deJ591: BIOV983.2-2

Large-Scale Manufacture/Process
[00343] The large-scale manufacture of the DOTA conjugated deJ591 antibody is -

described in the following paragraphs. The major di fferences from the above methodology were
the use of a stirred cell, instead of a microsep centrifugal concentrator to concentrate and diafilter
the antibody and the use of a Sephadex G-25 columr to remove the unreacted DOTA and other
reagents from the DOTA conjugated antibody. These changes were necessitated by the increase
in scale. The ratios of the starting materials are givem in Table 12 for a nominal 1000 milligram

scale. The process may be scaled }up using equivalemt ratios of starting materials.

Table 12: Unit Ratios of Starting Materials
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Starting Material Unit Ratio
deJ591 antibody X mgs
1,4,7,10-tetraazacyclododecane-N,N’,N’’ N"”’-tetraacetic acid (DOTA) 1.25 X mgs
N-hydroxysuccinimide (NHS) 0.275 X mgs
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) 0.3 X mgs
[00344] - Aseptic practices were observed in order to minimize contamination and

environmental monitoring was conducted at periodic intervals during the manufacture. All
solutions, buffers and reagents used in the conjugation and purification of DOTA-deJ591
antibody were made with Water For Injection (WFI). Throughout the process, metal free
components were used in the manufacture in order to avoid the chelation of any free metal
residues by the DOTA moiety. In the specific case of ammonium acetate buffer and sodium
phosphate buffer, the solutions were purified with Chelex 100 to remaove any metal ions. Sterile,
pyrogen free and metal free containers were used to mix reactants. The final bulk sterile filtration
was conducted in an area that meets Class 100 specifications. |
[00345] The deJ591 was prepared by buffer exchanging the aratibody into metal free, 0.1
M Sodium Phosphate, pH 7.1, over a Chelex 100 (BioRad or equival ent) column. The antibody
was then concentrated to approximately 10 mg/mL using a Stirred Cell Unit (Millipore or
equivalent) equipped with a 30kD cut-off membrane. The concentrated antibody was then
sterile-filtered through a 0.22 pm filter.

[00346] To conjugate one gram of antibody, the active ester of DOTA was prepared by

| adding 6.3 mL of 0.49 M DOTA in metal free, Sodium Phosphate Buffer, pH 7.1, to 2.7 mL of
0.87 M N-hydroxysuccinimide in metal free, Sodium Phosphate Buffer, pH 7.1. To this mixture,
0.1 N Sodium Hydroxide was added until the DOTA was completely dissolved (approximately a
1:1 ratio of 0.1 M Sodium Hydroxide to DOTA/NHS solution). The pH was between 6.9 and 7.2.
The solution was cooled for not less than 30 minutes at 2-8°C. To thhe DOTA/NHS solution, 1.5
mL of 1.0 M of EDC in Sodium Phosphate Buffer, pH 7.1, was added and allowed to cool at 2~
8°C for not less than 1 hour.

[00347] The active DOTA ester was added to 1 gram of antibody and incubated overnight
(12-14 hrs) at 2-8°C. The DOTA conjugated antibody was purified over a Sephadex G-25
column (Pharmacia or equivalent) in metal free, 0.3 M Ammonium Acetate Buffer, pH 7.2. The

eluate fraction containing the DOTA conjugated antibody was concentrated using a Stirred Cell

142




WO 2005/094882 PCT/US2004/006543

equipped with a 30 kD cut-off membrane to approximately 10 mg/mL. The DOTA conjugated
deJ591 Antibody was then diafiltered in 0.3 M Ammonium Acetate, pH 7.2 to remove any
excess reagents and diluted to a final concentration of 8.0 mg/mL prior to sterile filtering through
a0.22 pm filter.
[00348] DOTA conjugated deJ591 was tested for concentration, immunoreactivity,
conjugation, endotoxin, and sterility. The endotoxin limit is based on the low clinical dose of the
radiolabeled DOTA conjugated deJ591 antibody required, which ranges from 1 to 5 mg.
Bioburden testing was performed on the bulk purified DOTA conjugated antibody instead of
sterility because of the small batch sizes. Sterility (21 CFR 610) will be performed on the fireal
vialed drug product. The target for immunoreactivity and number of DOTA moles per antibody
was based on previous clinical experience. DOTA conjugated antibody with immunoreactivi€y
values of as low as 72% have been successfully used in the clinic. The number of DOTA moles

per antibody is based on the results from previous clinical lots.

Protein Concentration
[00349] A sample of DOTA-deJ591 was analyzed by optical density in a

spectrophotometer at a wavelength of 280 nm. The extinction coefficient used for these

calculations was A g, EX1% =1.4. The test sample was suitably diluted to give an absorbance

reading in the working range of the assay (0.2 OD units to 1.2 OD units, linear, CV

less than 2%). The acceptable limit for protein concentration is 8.0 mg/mL + 0.5 mg/mL.

Endotoxin _ :

[00350] Samples of DOTA-deJ591 were tested for pyrogens using a validated Limulus
Amebocyte Lysate test (LAL) Gel Clot Assay (BioWhittaker or equivalent). A 0.06 EU/mL
sensitivity Lysate was utilized and samples were diluted either 1:10 or 1:25 in Endotoxin free>
water for analysis in order to overcome the inhibition level of certain chemicals to the gel clot
assay. Duplicate determinations were made for each buffer or intermediate sample during
processing and the sample values needed to be equal to or less than the value obtained at the
dilution level set for that buffer. A positive and negative control, as well as an inhibition control,
was run with every sample. The proposed acceptable limits were not more than 5 EU per mg of

DOTA-deJ591.

143



WO 2005/094882 PCT/US2004/006543

Bioburden
[00351] Aliquots of DOTA-deJ591 were directly inoculated in fluid thioglycollate and

soybean-casein broth. The media were examined after fourteen days of incubation. As

necessary, both media showed no growth after fourteen days.

Immunoreactivity
[00352] The immunoreactivity of the DOTA-deJ591 preparations was assessed according

to the method of Lindmo (Lindmo T. et al. (1994) J. Immunol. Methods 72:77-89) which
extrapolates the binding of the radiolabeled antibody at an infinite amount of excess antigen.
Briefly five test solutions were prepared (in duplicate) containing 10,000 cpm of mdium
labeled-DOTA-deJ591 and various amounts of LNCaP cells or cell membranes, in a tokal test
volume of 250 pL of 0.2 % BSA 10 mM HEPES. The solutions were incubated at 4°C Hfor 60
minutes prior to being isolated (by centrifugation) and washed with ice cold PBS. The
membranes were then counted in a gamma counter with standards representing the total
radioactivity added. The data was plotted using the Lindmo method as the reciprocal of the
substrate concentration (x-axis) against the reciprocal of the fraction bound (y-axis). Thae data
was then fitted according to a least squares linear regression method (Sigma Plot) and they
intercept used as the reciprocal of the immunoreactivity. The target for immunoreactivi ty was not

less than 75%.

Number of DOTA Moles per antibody
[00353] The number of DOTA bound per antibody was determined using a satur-ation

binding method with natural occurring isotope of Indium and Windium. Multiple aliquots
(minimum two) of DOTA-deJ591 were mixed with various amounts, ranging from 10 €o 30 pL,
of a 3.0 mM solution of InCl; (0.01 M HCI) spiked with a tracer amount of 1, The mixture
was incubated at 37°C for 16 hours and then analyzed by ITLC, using silica gel impregenated
glass fiber 10 cm strip (ITLC-SG, Gelman, or equivalent) and an eluant of 1% DTPA (pH 6.0).
The antibody bound activity remains at the origin and free 1111 moves with the solvent front as
an in-DTPA complex. The relative amounts of ''In and '''In -DOTA-J591 was determined by
cutting the ITLC strip at a R¢ of 0.5 and counting the two halves with a Na(TDI detectox. The
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number of binding sites was calculated by considering the molar reaction ratio between ' 'In and
DOTA-deJ591 and the observed ratio of ''In and 'In-DOTA-J591 detected. The target
number of DOTA molecules per antibody was between 4 and 6.

[00354] The analytical results for a sample lot of DOTA conjugated deJ 591 antibody are

shown below in Table 13.

Table 13

Test Proposed Acceptable Limits Results
Appearance Clear Colorless Solution Clear Colorless Solution
Concentration 8.0 mg/mL * 0.5 mg/mL 8.4 mg/mL
Endotoxin NMT 5 EU per mg <1.2 EU/mg
Bioburden No growth No growth
Immunoreactivity For Information Only (Target 95%

NLT 75%)

Number of DOTA moles | For Information Only (Target 4-6 | 6
per Antibody DOTA per Antibody)
[00355] The DOTA conjugation numbers for a previous lot of DOTA conjugated antibody

(Biov983.2-2) and current Lot 243101 are shown in Table 14. The average number of DOTA
moles per antibody for Lot Biov983.2-2 was 5.06 and for Lot 243101 was 5.96. Although the
number of moles of DOTA conjugated per antibody was slightly higher for Lot 243101, the
immunoreactivity was not affected as shown in Table 15. In fact, the immunoreactivity for Lot
243101 was higher than that for the comparison lot, which is beneficial. It should be noted that
other small-scale clinical lots have had immunoreactivity values of greater than 90% (data not

shown).

Table 14: Comparison of the Mean Number of DOTA Molecules Conjugated to deJ591

antibody
Lot number Known In/DOTA- Observed Mean number of
deJ591 M1h/DOTA-deJ591 | DOTA mols per mAb

BIOV983.2-2 | Reaction ratio ' TLC ratio

A 11.76 1.338 5.03

B 17.64 2.469 5.09

Ave 5.06

Lot 243101 Reaction ratio TLC ratio

A 10.98 0.8608 5.90

B 16.46 1.7301 6.03
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C 21.95 2.8226 5.74
D 32.93 4.3498 6.15
Ave 5.96

A= 10 pL of In-natural/ "Tn solution, B= 15 L of In-natural/'''In solution, C=20 uL of In-
natural/!!'In solution, D=30 uL of In-natural/'''In solution

Table 15: Comparison of Immunoreactivity of DOTA-deJ591

Test ' : Lot BIOV983.2-2 Lot 243101
Immunoreactivity 72% 95%
Alternatives
[00356] An alternative synthesis of the DOTA-J591 immunoconjugate is as follows: 956.5

mg of deJ591 was diafiltered six times. The antibody was concentrated in a 30 kDa microsep
centrifugal concentrator (Pall Filtron, MA) to approximately 15 mg/mL and diluted 12.5 fold
with metal free 0.1 M Sodium phosphate at pH 7.1. This procedure was performed six times.
An active ester of DOTA was created by mixing 598 mg of DOTA (1.48 mmoles) in 5.95 mL
0.1 M metal free phosphate buffer and 132 mg N-hydroxysuccinimide (1.15 mmoles) in 2.7 ml
of 0.1 M metal free phosphate buffer. The pH was adjusted to 6.9-7.2 with NaOH, prior to the
addition of 144 mg (0.75 mmoles) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide in 1.45
mL 0.1 M metal free phosphate buffer. This reaction mixture was filtered through a 0.2 micron
sterile filter and cooled on ice for 1 hour before being added to the deJ591 solution and incubated
overnight at 2-8°C for 14-18 hours. The resultant DOTA-deJ591 was separated from the excess
DOTA and other reactants by purifying it through a G-25 column equilibrated in 0.3 M metal
free ammonium acetate. The purified conjugate was concentrated to 10 mg/mL in a stirred cell
unit and washed with 0.3 M ammonium acetate, then sterilized by filtration through a 0.22 um
filter and stored in a sterile polypropylene vial at 2-8°C.

[00357] Yet another alternative is to use a conjugation process that involves pure DOTA-
NHS mono-active ester (commercially available from Macrocyclics) so as to achieve better
control over the amount and purity of the DOTA-NHS mono-active ester used in the conjugation
process, as well as to limit unanticipated chemical side-reactions produced when DOTA is
activated in-situ. Problems associated with the use of in-situ activated DOTA (i.e., DOTA
activated without any purification prior to being added to the antibody) include: fluctuation of

DOTA/antibody incorporation ratio due to the variable generation of DOTA-NHS; the use of a
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large excess of DOTA which needs to be purified away from the conjugated antibody and can
compete for binding to radioactive isotopes; unreacted EDAC can result in the cross-linking of
lysine and glutamic or aspartic acid residues on proteins and consequently the formation of
undesired protein aggregates; and there is the possibility that two or more active esters are
formed on a significant fraction of the activated DOTA molecules which enables proteins to
become crosslinked and uses additional carboxylate groups that are needed for metal
coordination. '

[00358] To minimize the loss of antibody binding activity resulting from its conjugation to
DOTA, it is desirable to incorporate about 2-10, preferably about 5-7 DOTA molecules per
antibody molecule. Using DOTA-NHS monoactivated ester, a 3-30 fold excess of DOTA-NHS
relative to antibody produces this desired level of DOTA incorporation. Studies are currently
being conducted using input ratios of DOTA-NHS to antibody of 7:1, 9:1, 11:1, 15:1, 20:1, and
30:1.

[00359] The protocol is as follows. Starting materials: J591 antibody, 10.5 mg/ml is
sodium phosphate buffer (0.1M, pH 7.1), treated with Chelex 100 resin (1 ml resin per 10 mg of
antibody); 0.3 M ammonium acetate buffer (pH 7.0), treated with Chelex 100 resin (20 ml resin
per one liter buffer); DOTA-NHS PF6 (FW 646.4), Macrocyclics, Dallas, TX. Experimental
procedures: Three polypropylene vials were separately charged with 2.0 ml of J591 antibody
(10.5 mg/ml, 143 nmol) and chilled on ice over a period of 30 minutes. 3.3 mg of DOTA-NHS
were dissolved in 0.356 ml of metal-free water (treated with Chelex 100 resin and pre-chilled on
ice for 30 minutes) to give a concentration of 14.3 nmol per microliter. To the three antibody
solutions were separately added 70, 90, and 110 microliters of this freshly prepared DOTA-NHS
solution. The reaction mixtures were slowly stirred with magnetic stirring bars at room
temperature over a period of 4 hours, and then diluted with 0.3 M ammonium acetate buffer (pH
7.0, Chelex 100 treated) to 15 ml in CentriCon-30 for buffer exchange. The concentrates (about
1.5 ml) were then diluted again to 15 ml and concentrated down to 1.5 ml. These concentrates
were then filtered through 0.2 micron filters. The CentriCon tube and filters were washed with a
small amount of ammonium acetate buffer and filtered into final products (total of 2.0 ml each).
[00360] Antibodies conjugated to DOTA using the 7:1, 9:1, and 11:1 input ratio of
DOTA-NHS to antibody have been analyzed for °°Y binding stability and the formation of
protein aggregates. All three conjugates displayed a high percentage of stability after 2-3 days of

147



WO 2005/094882 PCT/US2004/006543

labeling with M1 or Y, in the presence of PBS, DTPA chelate challenger, serum and
transferrin. In addition, all three conjugates displayed little or no process-related aggregate
formation. The remaining three conjugates, produced using the higher DOTA-NHS to antibody
input ratios, are currently being analyzed.

[00361] The conjugation of DOTA to antibodies is not limited to NHS activated DOTA.
The DOTA-HOBT active ester can be used in place of DOTA-NHS, as well as other activation
methods known in the art, such as the use of a mixed anhydride of ethyl chloroformate or

isobutyl chloroformate, p-nitrophenyl ester.

Example 2- Pharmacokinetics and Biodistribution of BI1_ and 'n-labeled deJ591 and murine
J415 in Nude Mice Bearing ILNCaP Human Prostate Tumors
[00362] In nude mice bearing PSMA-positive human LNCaP tumors, the

pharmacokinetics, biodistribution and tumor uptake of monoclonal deJ591 and murine J415
antibodies radiolabeled with '*'I or ''In was analyzed. Autoradiographic sfudies were performed
to identify intra-tumoral distribution of radiolabeled MAbs.

[00363] deJ591 and J415 were labeled with "' using the iodogen method (see Franker
and Speck (1978), Biochem Biophys Res Commun 80:849-57) to a specific activity of
400MBg/mg (21, 23). For 1 labeling, the J415 and deJ591 antibodies were first conjugated
with 1,4,7,10-tetraazacyclododecane-N,N’,N’*,N”**-tetraacetic acid (DOTA) and then labeled
with "' In to produce specific activities of 200 MBg/mg.

[00364] Prostate carcinoma cell lines LNCaP, DU145 and PC3 (American Type Culture
Collection, Rockville, MD) were grown in RPMI 1640, supplemented with 10 % fetal calf
serum, at a temperature of 37°C in an environment containing 5% CO,. Prior to use, the cells
were trypsinized, counted and suspended in Matrigel (Collaborative Biomedical Products,
Bedford, MA). Nu/Nu Balb C mice 8-10 weeks of age were inoculated, in the right and left

. flanks, with a suspension of 5 x 10° LNCaP cells in Matrigel (BD Biosciences, Bedford MA).
After a period of 14-18 days, tumors (100-300 mg) had developed. The PSMA-negative DU145
and PC3 cells were implanted in nude mice in an identical manner.

[00365] The PSMA-positive and PSMA-negative tumor bearing mice were injected, via
the tail vein, with 80 KBq of the iodinated MAb (400 MBg/mg) in 200 pL of PBS (pH 7.4, 0.2%
BSA). Groups of animals (3-8/group) were sacrificed after 2, 4 or 6 days. The major organs and
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tumors were recovered. The tissue samples were weighed and counted, with appropriate
standards in an automatic NaI(T1) counter. These measured relative activity data (cpm) were
background corrected and expressed as a percentage of the injected dose per gram (%ID/g).
These data were also fitted with a least squares regression analysis (Microcal Origin,
Northampton, MA) to determine the biological clearance of the varioué agents. J415,J591 and
7E11 were labeled with '''In (100MBg/mg). 80KBq of the 1114 1abeled MAbs were injected in
groups of animals. The %ID/g in various organs and tumor tissues was determined at 2-6 days
post injection in a similar way as described for 1311 labeled MAbs.

[00366] For the imaging studies, animals were injected with 2 MBq of M DOTA-J591.
On days 1,2, 3,4 and 6 post-injection, the mice were sedated with ketamine/xylazine 100
mg/kg/10 mg/kg IP. The mice were imaged with a gamma camera (Transcam, ADAC
Laboratories, Milpitas, CA) equipped with a pinhole collimator. The images were acquiredin a
256 x 256 matrix for 1000 seconds using a 20% window of 245 KeV photopeak of Wy,
[00367] For several animals (n=20), harvested tumor samples were immediately cooled in
liquid nitrogen and frozen in embedding medium (O.C.T. 4583, Sakura Finetec, Torrance CA).
Twenty micron sections were cut and the tumor sections were either fixed with acetone and
placed in direct contact with a sheet of photographic film (Biomax, Kodak, Rochester, NY) or
stained with hematoxin/eosin pribr to exposure of the film. Tumors from control animals were
collected and cut into 10 pm sections. These sections were soaked in tris buffer (170 mM, pH
7.4, with 2 mM CaCl, and 5 mM KCI) for 15 minutes, washed with Tris buffer (170 mM, pH
7.4) and incubated with 13117591 MAb for 1 hour at 4°C. Non-specific binding was determined
in the presence of 100 nM J591 MAb. These sections were then washed 3 times with PBS
(c;ontaining 0.2% BSA) and once with Tris buffer prior to being fixed with acetone and then

exposed to photographic film.

Biodistribution of *'I labeled MAbs

[00368] Tn nude mice bearing LNCaP tumors, the biodistribution and tumor uptake of "*'I
labeled deJ591 and J415 was compared to that of 1311 7E11. At 2 days post injection deJ591,
J415, and 7E11 had similar tumor uptake and blood pool activity. On day 6, the tumor uptake of
J415 (15.4+1.1) was significantly higher compared to that of deJ591 (9.58£1.1). The blood
activity of both deJ591 and J415 was significantly lower compared to that of 7E11. With the 1311
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labeled MAbs, the tumor/blood and tumor/muscle ratios were significantly higher with J415 than

with J591 or with 7E11.
[00369] In order to assess the specificity of radiolabeled MAD localization in PSMA-

positive LNCaP tumors, the uptake of 1311 |abeled deJ591 and J415 in selected organs was
compared to that of an irrelevant IgG antibody. At one day post injection, the tumor uptake
(Yinjected dose/gram) of both J415 (12.243.24) and deJ591 (8.55i1 .29) was significantly higher
compared to that of an irrelevant antibody (4.41+0.40). The uptake in lungs, kidney, muscle was
similar with all three antibodies. In a second control study, the tumor uptake of Bl1deJ591 was
determined in nude mice bearing the PSMA-negative prostate tumors (PC3 and DU145). At 4
days post injection, the tumor uptake of *'I-deJ591 was only 0.66 £0.07 % ID/g in PC3 tumors
(n=10) and 0.55 +0.03 %ID/g in DU145 tumors (n=6). In contrast, the tumor uptake of Blr.591
was 11.4 +1.49 % ID/g in PSMA-positive LNCaP tumors, significantly greater than in PSMA-
negative tumors (p<0.01). ‘

Biodistribution of '"'In labeled MAbs
[00370] With "'In, the tumor uptake of deJ591 and J415 gradually increased with time
and is quite similar to that of 7E11. The kinetics of blood clearance for both J415 and J591 is

faster compared to 7E11. At 6 days post-injection, the blood activity of J415 (2.63+0.23) and
deJ591 (2.52+0.16) is about 50% that of 7E11 (4.1620.21). As a consequence, the tumor/blood
ratios with J415 and deJ591 are significantly higher compared to that of 7E11. There were minor
differences in the uptake of these three antibodies in liver, spleen and kidney.

[00371] The serial gamma camera images of a nude mouse clearly show the intense tumor
accumulation of '''In-DOTA-deJ591. On day 1, the single tumor (ca 250 mg) on the right hind
quarter, the blood pool and the liver are well visualized. But in the later images, while the
activity has cleared from the blood pool, the tumor accumulation become gradually more intense

compared to that of liver activity.

Autoradiography
[00372] Tumor specimens (n = 20) were harvested for hematoxylin (H) and eosin (E)

staining and autoradiography to study the intra-tumoral biodistribution of **'I-labeled MAbs 4 to

6 days after intravenous injection. The H and E stains reveal a considerable amount of necrosis,
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avéraging 50% of the cross-sectional area, in all specimens studied. The autoradiographs reveal a
focal, somewhat heterogeneous, distribution pattern with all three antibodies. Interestingly, the
biodistribution pattern with MAbs to PSMA,; and PSMA.x: reveal almost reciprocal patterns.
That is, 7E11 (anti-PSMAy,) distinctly favors localization to areas of necrosis whereas J415 and
7591 (anti-PSMA.y) demonstrate a distinct preferential accumulation in areas of viable tumor.
Ex vivo autoradiography, where 13117591 was incubated directly on the tissue section,

demonstrated a homogeneous binding pattern.

Conclusions
[00373] The localization of radiolabeled J591 and J415 in PSMA positive LNCaP tumors
is highly specific. These results clearly demonstrate that PSMA-specific internalizing antibodies
such as deJ591 and deJ415 may be the ideal MAbs for the development of novel therapeutic
~methods to target the delivery of beta emitting radionuclides (P'1, Y, "Lu) for the treatment of
PSMA -positive tumors.
[00374] MAbs to PSMA.,; had a reciprocal pattern to 7E11, with localization concentrated
in areas of viable tumor. The inability of 7E11 to target well vascularized, viable tumor sites
probably explains the inability of ProstaScint® to image bone metastases as well as to explain its
failure in RIT trials. By targeting viable tumors, mAbs to PSMA.y;, like deJ591 and deJ415, will
have a better therapeutic effect. In addition, their ability to target viable tumor imparts better

ability to localize well-vascularized sites in the bone marrow.

Example 3 - Animal Studies Using *°Y-DOTA-deJ591
[00375] In in vitro and in vivo animal models, **Y-DOTA-deJ591 has demonstrated

" substantial anti-tumor activity. In these studies, immunodeficient ‘nude’ mice were implanted
intramuscularly with PSMA-expressing human prostate cancer cells (LNCaP). In some studies,
the same animals were simultaneously implanted in the opposite thigh with a PSMA-absent
human prostate cancer line (PC3). Cancers were allowed to ‘establish’ for a period of
approximately 2 weeks during which time the cancer develops a blood supply allowing further
growth. At the time of treatment initiation, the cancer implants average 1.0 cm in diameter (or

approximately 5% of the animal's body weight).

151



WO 2005/094882 PCT/US2004/006543

[00376] Four groups of mice received a single injection of 1.3, 3.7, 5.55 or 7.4 MBq of
90y DOTA-deJ591. At a 1.3 MBq dose level, there was a mixed response with minimal
reduction in tumor growth rate. However, at doses between 3.7-7.4 MBg, a clear anti-tumor
dose-response relationship was observed. There was a 30, 55 and 90% reduction in mean tumor
volume and a progressive dose-related delay in tumor re-growth of 10, 35 and 60 days at 3.7,
5.55, and 7.4 MBq dose levels, respectively. More than 70% of mice that received 3.7-5.55
MBq lived significantly longer than the controls and the mean survival time (MST) increased to
80-100 days compared to 40 days for controls.

[00377] Three groups of mice received 1.11, 2.2 or 3.33 MBq of "Y-DOTA-huJ591
every 28 days for 3 doses. At the 1.11 MBq dose level, there was minimal tumor growth during
aperiod of 75-80 days. At 2.22 and 3.33 MBq dose levels, there was a 50-70% reduction in the
mean tumor size at day 60 followed by gradual increase in tumor size thereafter. The MST
increased by about 200% at 1.11 and 2.22 MBq dose levels compared to control group (120 vs.
40 days).

{00378] These studies confirm significant improvement in survival of the %y_DOTA-
deJ591 treated animals. The PSMA-absent cancers do not respond to treatment demonstrating
the specificity of the treatment.

Example 4 - Animal Studies Using '""Lu-DOTA-deJ591

[00379] Nude mice bearing LNCaP tumors treated with 171 u~-DOTA-deJ591 exhibited a
response similar to the %%Y.DOTA-deJ591 treated animals. In this study mice with LNCaP
tumors (300-400 mg) were divided into three groups. A control group received no treatment.
Group-2 received 200uCi and Group-3 received 300uCi of "’Lu-DOTA-deJ591. "L u-DOTA-

deJ591 was, in a dose dependent manner, able to reduce the mean tumor mass by 80-97% at the

two dose levels. The control group showed a progressive increase in tumor size, which was
accompanied by a steady loss of body weight and the mice were sacrificed by fifty-three days
because of low body mass. The animals treated with 200 pCi 1771 u-DOTA-deJ591 had tumor
shrinkage up to twenty days post injection, and thereafter tumor regrowth was seen in some
animals. The same group also had a nadir in body mass of about 90% (of baseline wt) at twenty
days post injection, but thereafter a steady rise in the mean body weight to 100-105% of the

starting mass. Atninety days, four out of eleven mice had no palpable tumors. The mice treated
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with 300 pCi of 1771 u-DOTA-deJ591 had tumor shrinkage up to forty days post injection, and
thereafter tumor regrowth was seen in some animals. The same group also had a nadir in body
mass of about 90% at twenty days, but thereafter a steady rise in the mean body weight to 105-
110 % of the starting mass. At ninety days, five out of eleven mice had no palpable tumors.

Example 5 - Human Trial with ' - J591 (murine); Phase I Clinical Trial Targeting A
Monoclonal Antibody (mAb) To The Extracellular Domain Of Prostate Specific Membrane

Antigen (Psmaey;) In Hormone-Independent Patients
[00380] Hormone-independent patients with rising PSA levels and acceptable

hematologic, hepatic and renal function received a single dose of murine mAb J591. Doses are
escalated (from 0.5-300 mg) in groups of three to six patients. Each dose included <1.0 mg
7591 labeled with 10 mCi ' iodine as a tracer plus “cold” mAb. The dose levels used ranged
from 0.5 to 300.0 mg as follows: 0.5 mg, 1.0 mg, 2.0 mg, 5.0 mg, 10 mg, 25 mg, 50 mg, 100 mg,
125 mg, 150 mg, 200 mg, 250 mg, and 300 mg. Blood and urine were collected to monitor
pharmacokinetics, toxicity and human anti-mouse antibody (HAMA) response. Patients were
imaged on the day of injection (day 0), as well as days 2, 4 and 6 to track mAb targeting.

[00381] Thirty-three patients with hormone-independent prostate cancer were entered into
the phase I biodistribution trial of trace-labeled *'I- J591. These patients received doses ranging
from 0.5 to 300.0 mg, in each case conjugated with 10mCi B11, In approximately 80% of
patients where disease sites had been imaged by conventional studies (CT/MRI and/or bone
scan), known sites of prostate cancer metastases can be imaged. Both soft tissue and bony sites
could be visualized on mAb scan. Targeting was specific for prostate cancer sites without
apparent localization to non-cancer sites. The mean effective serum residence time of BlmJs591
was determined to be 44.0 hours (median 47.4 hrs). Eight out of sixteen evaluable patients
developed a human anti-murine antibody (HAMA) response. That is, their immune systems
recognized the foreign nature of thé mouse-derived antibody. Only one patient had an adverse
event related to the murine antibody. This patient had a severe allergic (anaphylactic) reaction to
the murine mAb later determined to be due to prior (unknown) exposure to murine antibody used
in purification of another experimental drug with which the patient had previously been treated.
In sum, thirty-three patients were evaluated for targeting: twenty-seven out of thirty-three

patients had positive bone scans, with twenty-four out of twenty-seven (about 90%) having
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positive monoclonal antibody scans; nine out of thirty-three patients had positive soft tissue (CT
scans), with eight out of these nine (about 90%) having positive monoclonal antibody scans.
[00382] Development of a HAMA response, which occurs in most immunocompetent
patients who receive murine antibodies, precludes repeated treatments with a foreign species-
derived antibody. In order to allow for multiple treatments, murine antibody molecules can be
“de-immunized” using molecular engineering techniques which remove foreign (mouse) amino
acid sequences and replace them genetically with known homologous human sequences. As
indicated above, murineJ]591 has undergone de-immunization resulting in “deJ591”,

[00383] In conclusion, mAb to PSMAy, targets in vivo specifically to disseminated
prostate cancer sites in both bone and soft tissue with no significant ‘adverse’ localization and no

significant toxicity.

Example 6 - Single Human Patient Study Using **Y-DOTA-deJ591
[00384] - A single patient was treated with mAb deJ591. This patient had bulky, poorly

differentiated prostate cancer and had failed multiple courses of external beam radiotherapy as
well as multiple forms of hormonal and non-hormonal chemotherapy. The patient was treated
under a single patient IND and received a total of twelve doses of deJ591 over a course of five
months, ranging from 10 mg to 200 mg. Four doses (#1, 3, 6 and 11) were trace-radiolabeled
with either *'Iodine or "' Indium for pharmacokinetic determinations and biodistribution. The
mean effective serum residence time of **'I-deJ591 ranged from 31.9 to 51.3 hours, depending
on the dose. Tumor localization to known tumor sites was excellent after each of the
radiolabeled doses over the five month period. Dose twelve was radiolabeled with a therapeutic
quantity of **Yttrium (19mCi) calculated to deliver less than a 150 rad dose to the blood. This
dose was determined in consultation with the FDA and took into account prior radiotherapy
delivered by external beam and by "*'Iodine. No detectable human anti-deimmunized antibody
(immune) response developed in this patient. The patient’s platelet count dropped to 64,000
(normal: 150,000-300,000) at five weeks post **Y-DOTA-deJ591 administration (as an
anticipated result of radiation to the bone marrow) prior to spontaneously returning to normal
levels. No other hematologic or non-hematologic toxicity occurred. The patient experienced no
side effects. The patient’s PSA declined from 63 at the time of deJ591-DOTA-Y

administration to 36. No measurable reduction in tumor number or size occurred. This patient
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succumbed to his metastatic prostate cancer ten and one-half months after initiating treatment

with ®Y-DOTA-deJ591.

Example 7 - Human Trial with "' In-DOTA-deJ591 - Phase I Trial of ' Indium labeled
deimmunized Monoclonal Antibody (mAb) deJ591 to Prostate Speciﬁé Membrane
Antigen/Extracellular Domain (PSMAext)

[00385]

targeting, toxicity, pharmacokinetics (PK) and immunogenicity (human anti-deimmunized Ab)

This example describes the results of a clinical trial of deJ591 to assess mAb

of this genetically engineered mAb. DeJ591 is a strong mediator of antibody dependent cellular
cytotoxicity (ADCC). As PSMA is expressed in tumor, but not normal, vascular endothelium of
all cancers, the diagnostic and therapeutic utility of deJ591 may extend beyond prostate cancer to
other cancers.
[00386]

Ulp DOTA-deJ591. Doses were escalated in cohorts of three patients and ranged from 62.5-
500 mg/m2 (total). Dose level is shown in Table 16. Each dose included 0.02-1.0 mg deJ591
trace-labeled with 0.1-5 mCi '''In via a mAb-DOTA chelate, with the remainder of the dose
consisting of unlabeled deJ591. After the first dose, patients were imaged on the day of injection
(day 0) and days 1, 2,4 and 7.

Patients with recurrent, progressing prostate cancer received four weekly doses of

Table 16; "'In-DOTA-deJ591 Dosage

Dose Level Loading Dose Maintenance Dose Total Dose
(mg/m’) (mg/m’) (mg/m’)
1 25 12.5 62.5
2 50 25 125
3 100 50 250
4 200 100 500

1-2mg "In-DOTA-deJ591 (0.2-10 mCi), with the balance of the dose as “cold” deJ591.

[00387] Serum PK, immune reaction and toxicity were evaluated after each dose for a
minimum of 12 weeks.
[00388] Fifteen patients were initially entered in the trial. Thirteen patients received all

four planned doses; two patients received <1 dose. One patient became hypotensive 5 minutes
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into his first infusion due to a rapid infusion rate. The second patient who did not complete
treatment was withdrawn from the study after one week due to rapid disease progression
rendering him no longer eligible. Neither this latter patient nor the remaining thirteen patients
experienced any toxicity or side effects. Ten out of the thirteen patients had positive bone scans;
all ten demonstrated excellent mAb targeting to bony sites. Three patients had soft tissue disease
as measured by a CT scan; two demonstrated mAD targeting to these sites, while the third patient
that was '''In-DOTA-deJ591 negative had a radiated pelvic mass that had not changed size in
>18 months. No mAb targeting to non-prostate cancer sites was noted. None of the patients
developed an immune reaction to the antibody. Plasma half-life of deJ591 varied with dose.
[00389] In conclusion, deJ591 is non-immunogenic and targets sensitively and specifically

to both bone and soft tissue.

Example 8 - Human Trial with MHn-DOTA-deJ591 ; Targeting of Hormone Refractory Prostate

Cancer

[00390] This example describes the results of a clinical trial of deJ591 to assess mAb
targeting, biodistribution, and pharmacokinetics and to optimize antibody dose for
radioimmunotherapy with this mAb in patients exhibiting hormone refractory prostate cancer.
[00391] Twenty-six patients exhibiting hormone refractory prostate cancer were injected
with a single dose of "n-DOTA-del591, consisting of 20mg deJ591 labeled with 185 MBq of
I-DOTA. All patients underwent whole body and SPECT imaging on days 0 (the day of
injection), 3, and 6 of '"'In-DOTA-deJ591 injection. '"'In-DOTA-deJ591 imaging results were
compared with CT, MRI, and bone scan. All patients had rising PSA levels on three consecutive
measurements.

[00392] Twenty-two of the twenty-six patients had imagable disease on routine imaging
modalities, while four patients had no imagable disease. Imaging data revealed !'In-DOTA-
deJ591 tumor targeting in sixteen of the twenty-two (72.7%) patients who had imagable disease.
Targeting was best observed on day 3. No additional (unknown) sites were detected on SPECT
imaging. Targeted metastatic sites were in the bone or bone marrow in twelve patients, in the

soft tissue in two patients, and in both the bone and soft tissue in two patients.
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[00393] M DOTA-deJ591 imaging was false negative in four of the twenty-two (18%)
patients who had imagable disease. Non-targeted metastatic sites were in the soft tissue in three
patients and in both the bone and soft tissue in one patient.

[00394] Accumulation of ''In-DOTA-deJ591 in the prostate gland was generally minimal
in patients with intact but irradiated prostate. Among physiological sites, highest uptake was
observed in the liver, with 27+/-1.7% uptake at day 6. The absorbed dose by the liver was 2.8+/-
0.25 rads/mCi with ""'In and 20.1+/-2.1 rads/mCi with **Y". Plasma clearance (T1/2) of M-
DOTA-deJ591 was 34+/-5 hours.

[00395] M-DOTA-deJ591 specifically targets hormone refractory prostate tumors and is
an effective vehicle to target hormone refractory advanced prostate cancer with radioactivity or

cytotoxins.

Example 9 - Targeting of Hormone Refractory Prostate Cancer with "in-DOTA-deJ591 or
"L u-DOTA-deJ591 |
[00396] Imaging studies with '"Lu-DOTA-deJ591, like those described in Example 8 for

U DOTA-del591, have produced similar results. The following summary represents a
combination of the results obtained for """Lu and ''In,

[00397] Thirty-nine patients with hormone-refractory prostate cancer have thus far been
enrolled in one of several clinical trials utilizing deJ591. Nuclear imaging with either M1y or
0 labeled deJ591 was performed as an initial step of each trial. My, which is a y-emitter,
was used either as tracer for “naked” mAb or as a surrogate imaging agent prior to the
administration of °°Y (a pure B emitter which does not image on radionuclide scans). 771 4 emits
both y and P particles, allowing direct imaging, and can be used as both an imaging and a
therapeutic agent. The antibody scans were compared to standard imaging studies (bone, CT or
MR scans) obtained on each patient to assess the underlying sensitivity, specificity, and accuracy
of deJ591 targeting to metastatic sites. Bony and soft tissue metastases were evaluated
independently.

[00398] Results have been obtained for bony metastasis in twenty-three patients, and soft-
tissue metastasis in twenty-five patients. Fifteen patients had bone metastases on bone scan,
which were accurately targeted by deJ591 in twelve patients (80%). In these twelve patients,

every cancerous lesion seen on bone scan was identified on the deJ591 scan. All seven patients
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with negative bone scans were negative on the deJ591 scan (100% specificity). For soft tissue
metastases, eight out of nine patients with soft tissue masses on conventional imaging
demonstrated accurate targeting using deJ591 (89%). The one false negative patient had
retroperitoneal adenopathy measuring 8mm not seen on mAb scan, but whose bony lesions were
all targeted. Fifteen patients without documented soft tissue metastases had negative mADb scans
(100%). One patient without soft tissue metastases on initial standard imaging but lesions
identified on mAb scan subsequently proved positive on standard imaging. Overall, there was a
91% concordance between standard imaging and mAb scans for soft tissue and bony metastases.
[00399] DeJ591 accurately targets known bony or soft tissue metastases in the vast
majority of patients. Additionally, one previously unseen metastatic site was demonstrated on
mAb scan and later confirmed with CT imaging. DeJ591 is a highly sensitive and specific agent

for targeting metastatic prostate cancer lesions.

Example 10 - Human Trial with **Y-DOTA-deJ591; Phase I Trial of De-immunized mAb
deJ591-DOTA-"Yttrium In Patients With Relapsed Prostate Cancer
[00400] A phase I trial of escalating doses of 0y _DOTA-deJ591 therapy of patients with

recurrent/relapsing prostate cancer was conducted. Doses started at 5 mCi/m?® and were escalated
in increments of +2.5-5 mCi/m? for cohorts of three to six patients. The design of this study is
summarized as follows: 1. DOTA-deJ591 was administered to patients so as to determine the
biodistribution of the antibody and the associated dosimetry; and 90y DOTA-deJ591 was
administered 7-10 days later at 5.0, 10, 15, 17.5, and 20 mCi/m® All administrations were by
intravenous infusion at a rate of about 5mg/min. DeJ591-DOTA was labeled at a specific
activity between 3-5mCi-*Y/mg antibody to reach the defined dose of 2y, with the balance
brought up to 20 mg total deJ591 with “cold” deJ591. Dosages were administered with 6-8
weeks between dose levels. -Subsequent doses of %0y DOTA-deJ 591 were allowed.

[00401] The subjects for this trial had prostate cancer that had relapsed after definitive
therapy (e.g. surgery and/or radiation) and for whom no curative standard therapy exists.

[00402] The objectives of this trial are to: (1) define the toxicity and maximum tolerated
dose (MTD) of repeated (fractionated) doses of de-immunized monoclonal antibody (mAb)
deJ591-DOTA-"Yttrium (*°Y) in patients who have recurrent and/or metastatic prostate cancer;

(2) define the pharmacokinetics of deJ5 91-DOTA-"Y; (3) define the human anti-deimmunized
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antibody immune response to deJ591-DOTA-"Y; and (4) define the preliminary efficacy
(response rate) of repeated (fractionated) doses of deJ591-DOTA-Y.

Treatment Protocol:

[00403] Patients who developed > grade 2 allergic reaction as a result of *°Y-DOTA-
deJ591 would not receive further DOTA-deJ591 and would be followed for toxicity.

[00404] Patients were followed for a minimum of 12 weeks after the deJ591-DOTA-’Y
administration. If the patient’s disease was stable or responding at 12 weeks after his last dose,
he was followed until progression.

[00405] The follow-up study consisted of gathering the information shown in Table 17,

below, at the indicated times.

Table 17: Follow-up Analyses

Medical history Day of Rx, week 1,2, 4, 6, 8, and 12, then every 12
weeks thereafter until progression

Physical exam (focused) Day of Rx, week 1, 2, 4, 6, 8, and 12, then every 12
weeks thereafter until progression

Performance status Day of Rx, week 1, 2, 4, 6, 8, and 12, then every 12

weeks thereafter until progression

PSA, PAP, alkaline phosphatase | Day of Rx, week 1, 2, 4, 6, 8, and 12, then every 12
weeks thereafter until progression

Testosterone Week 4, then every 6 months thereafter until
progression

Human anti-deimmunized Ab Day of Rx, week 2, 4, 8, and 12

CBC, differential, platelet count | Day of Rx, week 1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, and
8, then every 4 weeks thereafter until stable, and then
every 12 weeks until progression. Monitor qod if
ANC <1000 and/or platelets <50,000

Electrolytes, BUN, creatinine Day of Rx, week 1, 2, 4, and 8, then every 4 weeks
until stable, and then every 12 weeks until progression

Total protein, albumin, Day of Rx, week 1, 2, 4, and 8, then every 4 weeks
bilirubin, GGTP, AST, ALT, until stable, and then every 12 weeks until progression
LDH

Urinalysis Day of Rx, week 1, 2, and 4, then every 4 weeks
unless normal or baseline
CT or MRI Week 12, then every 12 weeks (if measurable or

evaluable disease present at entry and/or if patient
classified as a “responder”)

Bone scan Week 12, then every 12 weeks (if evaluable disease
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present at entry and/or if patient classified as a
“responder’)

CXR Week 12, then every 12 weeks (if disease present at
entry)

Weight Day of Rx, week 1, 2, 4, 8, and 12, then every 12
weeks until progression

Appetite Day of Rx, week 1, 2, 4, 8, and 12, then every 12
' weeks until progression

Bone pain Day of Rx, week 1, 2, 4, 8, and 12, then every 12
weeks until progression

Analgesic intake Day of Rx, week 1, 2, 4, 8, and 12, then every 12
weeks until progression

Pharmacokinetics:
[00406] Following injection of Mn -DOTA-deJ591, blood samples were obtained at 10
min, 1, 2, 4, 24 hours and days 2, 3, 4 and 7. The percent injected dose (% LD.) in blood was

determined by measuring an aliquot of blood along with a known M1y standard. Similar blood
samples were taken at the same interval after the %0y- DOTA-del591. The % LD. in blood was

determined by measuring an aliquot of blood along with a known 1 or Y standard.

Toxicity:

[00407] NCI CTEP Common Toxicity Criteria (CTC), version 2 (April, 1999) was
utilized. Since CTEP has standardized the CTC, the NCI does not require inclusion of the CTC
within this document. All treatment areas have access to a copy of the CTC version 2.0. A copy
may also be downloaded from the CTEP web site. ‘

Definition of Dose Limiting Toxicity (DLT):
[00408] Hematologic toxicity: grade 4 granulocytopenia [ANC <500/mm?]; grade 4

thrombocytopenia [platelet count < 10,000/mm?}; or febrile neutropenia or neutropenic infection
as defined by the CTC. Other toxicity: grade > 3 non-hematologic toxicity attributable to Py.
DOTA-deJ591. |

Definition of Maximum Tolerated Dose (MTD):

[004091 The MTD is defined as the dose level at which 0/6 or 1/6 patients experiennce DLT
with the next higher dose level having 2 or more patients experiencing DLT. Once the MITD has
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been reached, at least 6 patients should be evaluaited at that dose to better determine the toxicities
of the regimen and the pharmacokinetics of " Y-IDOTA-deJ591.

[00410] Allergic events will be managed as follows: rash, pruritis, urticaria and wheezing
will be treated with benadryl and/or steroids as clinically appropriate. Anaphylaxis or
anaphylactoid signs or symptoms can be treated with steroids and/or epinephrine as clinically

indicated.

Specific interventions solely for the purpose of the study:
[00411] Other than the actual administrati on of deJ591 and related studies to define the

pharmacokinetics and biodistribution of the mA®b, the other interventions (labs, imaging studies,
office visits) performed are standard procedures. Some of the lab tests would not typically be

done in the setting of prostate cancer (e.g., inmuine reaction levels). Other lab and radiographic
procedures, although standard in the management of patients with prostate cancer, may be done

at greater frequency than typical.

Criteria for therapeutic response:

[00412}] Prostate cancer progression is mamifest by rising PSA levels, new lesions on bone
scan, new disease-related symptoms and, less commonly, increasing size of a measurable soft
tissue mass. Response is commonly assessed either biochemically (PSA change) or by change in
size of a measurable lesion/s.

[00413] -  Biochemical (PSA) response can be determined by comparing the nadir PSA level
after therapy to the baseline, pre-treatment PSA determined just prior to initiating therapy. A
decline of >50% has been demonstrated by numerous investigators (Petrylak, D.P. et al. (1992)
Cancer 70:2870-78; Kelly W.K., et al. (1999) J Clin Oncol 11:607-15; Kantoff P.W., et al.
(1999) J Clin Oncol 17:2506-13, 1999; Smith, D.C., et al. (1998) J Clin Oncol 16:1835-43) to
correlate with improved survival. In addition, Scher, et al (Scher H.L, et al. (1999) JNCI 91:244-
51) have demonstrated that a PSA which either declines or shows no increase from baseline at
either 8 or 12 weeks after initiating therapy correlates with improved survival compared to
patients whose PSA rises despite therapy.

[00414] In patients with measurable disease: complete response is defined as complete

disappearance of all measurable lesions by physi cal examination or imaging studies with no
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appearance of new lesions for > 2 months. Partial response: is defined as a 50% or greater
reduction in the sum of the products of the longest perpendicular diameters of all measurable
lesions. There may be no new lesions. Stable disease: patients who do not meet the criteria of
partial response and who are without signs of pro gressive disease for > 2 months. Progressive
disease is defined as a greater than 25% increase in the sum of the products of the longest
perpendicular diameters of the indicator lesions, the appearance of new lesions or a rise in
prostate specific antigen above pre-treatment baseline.

[00415] Duration of response: typically, the first sign of progression will be a rise in
serum PSA. In this trial the duration of response “will be the time interval from treatment
initiation (*°Y-DOTA-deJ591) until progression is documented by either a confirmed rise in
PSA, enlargement of the measurable lesion/s, or mew lesion/s on imaging studies. The rising
PSA must be confirmed by a second, serially rising PSA and the duration will be defined as the

time from initiation of treatment to the time of the first rising PSA.

Results:

[00416]) Twenty patients have been treated according to this protocol, and nineteen of the
twenty can currently be evaluated. All twenty patients had failed one or more forms of hormone
therapy, and eleven of the twenty patients had fail ed at least one chemotherapy regimen.
Furthermore, the patients all had increasing PSA 1evels and a minimum platelet count of
150,000.

[00417] Blood chemistry, hematology and PPSA levels were monitored for twelve weeks or
longer. No significant changes were observed in blood chemistry, or liver or kidney functions.
Hematological changes in platelets and white blood cell levels were observed at all dose levels.
Toxicity was dose-related and limited to reversible myelosuppression (primarily
thrombocytopenia). Grade 3-4 thrombocytopenia was observed at 15-20 mCi/m’. The
maximum tolerated dose was estimated to be less than or equal to 20 mCi/m?. *°Y-deJ591
radiation dosimetry estimates based on !'In-deJ591 imaging studies indicate that the organ dose
to liver, kidney, spleen, and bone marrow are 20, 19, 18, and 1.7 rads/mCi, respectively. No
paﬁents developed an immune reaction.

[00418] Dose-related anti-tumor effects wexre noted. At the first two dose levels (5 and 10
mCi/m2), five out of the eleven (45%) patients hacl PSA values that continued to increase despite
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treatment, while six out of the eleven (55%) patients achieved an average 23% reduction in PSA
levels. At 15 mCi/m2, one out of the four patients (25%) progressed, while three out of the four
(75%) patients achieved an average 25% reduction in PSA Revels. At20 mCi/m2, all four
patients achieved an average 42% reduction in PSA levels. Two of these four patients have PSA
declines of 70-85% continuing beyond 3 months, as shown in Figures 13A and B. Mean time to
PSA nadir was 7 weeks post-treatment (range: 2-13 weeks). Measurable responses have also
been seen in these patients. The patient in whom the PSA level declined by 85% had 90%
shrinkage of multiple soft tissue metastases. The patient with the 70% decline in PSA had a

measurable decrease in soft tissue disease of 40%.

[00419] 90y .DOTA-deJ591 is non-immunogenic (which would allow for repeated
treatments) and toxicity has been limited to dose-related, reversible myelosuppression.
Importantly, **Y-DOTA-deJ591 has dose-related anti-tumor- effects in patients with advanced
prostate cancer. Phase I data indicates that a single administration of P0Y-DOTA-deJ591 (less
than or equal to 20 mCi/m?) is safe with optimal dosimetry For the treatment of prostate cancer.

In addition, the radiation dosimetry estimates indicate that nultiple administrations are also safe.

Example 11 - Evidence of PSA Responses in Prostate Cancer Patients Receiving 20y.deJ591

[00420] Two patients receiving 0Y-DOTA-deJ591 had rising PSA levels prior to

treatment with radiolabeled J591 (see Figures 13A and 13B). The X-axis on the plots represents
time (in days). Negative numbers on this axis indi\cate days prior to J591 treatment. At the “0”
time point, the patients received %y_J591 for therapy. The graphs demonstrate that the rapidly
rising PSA prior to treatment takes a sharp turn within a few~ weeks of treatment and becomes
stable for a long period of time thereafter (at least ten weeks). The stability of the PSA level
indicates that the progressive disease has stopped progressing. Higher doses of radiolabeled

J591 may lead to a decrease in the disease burden and/or a prolongation of the cessation of tumor
growth rate. In addition, repeated doses may also lead to absolute declines in the tumor burden

as well as substantial prolongation of cessation of tumor gro-wth rate.

163



WO 2005/094882 PCT/US2004/006543

Examole 12 - Human Trial with !""Lu-DOTA-deJ591; Phase I Trial of De-immunized mAb
del 591-DOTA-177Lutetium In Patients With Relapsed Prostate Cancer

[00421] This example describes a clinical study of subjects who have prostate cancer that
has relapsed after definitive therapy (e.g., surgery and/or radiation) and/or who are hormone
independent and for whom no standard therapy exists. There is currently no curative therapy for
these patients. Furthermore, the example focuses on 1771 3 labeled deJ591. 7" Luis a both a
beta- and a gamma-emitter. As such, it can be used for both radiotherapy and imaging.

[00422] The objectives of this trial were to: (1) define the toxicity and maximuim tolerated
dose (MTD) of de-immunized monoclonal antibody (mAb) deJ591-DOTA-"""Lutetivam (*""Lu) in
patients with prostate cancer who have recurrent and/or metastatic prostate dancer (Pca); (2)
define the pharmacokinetics of deJ5 91-DOTA-"""Lu; (3) define the biodistribution arad dosimetry
of 4eJ591-DOTA-"""Lu; (4) define the human anti-de-immunized antibody (immune) response to
deJ591-DOTA-""Lu; (5) define the preliminary efficacy (response rate) of deJ591-D>OTA- 177Lu
and (6) define single and multiple dose schedules for deJ 591-DOTA-""Lu.

Treatment Protocol:

[00423] Patients received a dose of deJ591-DOTA-""Ly administered at an infusion rate
of < Smg/min. The total dose of deJ591 remained fixed at 10 mg/m’. The ""Lu dose (in
mCi/m?) was escalated in cohorts of three to six patients for each dose level (see Tabde 18
below). Del591-DOTA-"""Lu was labeled at a specific activity between 3-10 mCi/m g antibody
to reach the defined dose of 1’Lu, with the balance brought up to 10/m® mg total deJ 591 with
“cold” deJ591. Dose escalation was withheld until at least three patients at the ongoimg dose
level had been followed for > 6 weeks without serious hematologic toxicity. If any o f the initial
three patients at a dose level experience grade 1 or 2 hematologic toxicity by 6 weeks, escalation
was withheld until recovery began or until 8 weeks of further monitoring and evaluation of
toxicity had occurred. If any patient experienced grade 3 or 4 hematologic toxicity, at least six
patients needed to be entered at that dose level and followed for a minimum of 8 weeks or until
recovery begins prior to escalation. If, at any time, two instances of dose-limiting toxicity were
observed at a given dose level, further entry at that dose level will be halted. In such a case, at
least 6 patients should be entered at the prior dose level to aid in defining MTD (see * “Toxicity”

section below).
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[00424]

Patients who develop > grade 2 allergic reaction while receiving 7L u-DOTA-

PCT/US2004/006543

deJ591 did not receive further deJ591 and were followed for toxicity.

Table 18

Dose Level Total deJ591% U u Dose
1 10 mg/m” 10 mCi/m°
2 10 mg/m” 15 mCi/m’
3 10 mg/m” 30 mCi/m”
4 10 mg/m” 45 mCi/m”
5 10 mg/m* 60 mCi/m*
6 10 mg/m” 70 mCi/ma”
7 10 mg/m” 75 mCi/m”
8 10 mg/m” 90 mCi/m”
9 10 mg/m” 105 mCi/rm”

*consisting of deJ591-DOTA-"""Lu at specific activity between 3-10 mCi/mg with the
balance to 10 mg/m? total with “cold” deJ591.

[00425] Patients were followed for a minimum of 12 weeks after the de¥ 591-DOTA-""Lu

administration. If the patient’s disease was stable or responding at 12 weeks after his treatment,

he was followed until progression. Patients were considered eligible for retrea-tment with

deJ591-DOTA-""Lu at a minimum of six week intervals if hematological recovery was

satisfactory.
[00426]

Table 19

Except as noted in Table 19, follow-up was as described above in Table 174.

Human anti-deimmunized Ab

Day of deJ591-DOTA-"""LuRx, post-Rx week 1, 2, 4,
8, and 12, then every 12 weeks until progression

Chem-7 (including Day of deJ591-DOTA-"""LuRx, post-Rx week 1, 2, 4,
Electrolytes, BUN, creatinine, and 8, then every 4 weeks until stable, and then every
glucose) 12 weeks until progression

Liver panel (including:
albumin, bilirubin (tot & dir),

Day of deJ591-DOTA-"""LuRx, post-Rx week 1, 2, 4,
and 8, then every 4 weeks until stable, and then every

AST, ALT, (alkaline 12 weeks until progression
phosphatase)
LDH Day of deJ591-DOTA-' ""LuRx, post-Rx week 1, 2, 3,

and 8, then every 4 weeks until stable, and then every
12 weeks until progression
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1" u-deJ591 Imaging:
[00427] Total body images were obtained within 1 hour post-infusion (day 0) and. at least

5 additional time points in the subsequent 2 weeks (e.g., days 1, 3, and 5, 10, 15 or days 2, 4, 6
and 14). The gamma camera images were obtained using a dual head ADAC gamma caamera
fitted with an appropriate collimator. The percent injected dose (% 1.D.) in major organs (heart,
liver, spleen, kidneys, bone marrow, GI tract and bladder) was estimated by drawing regsions of
interest (ROI) and determining the relative counts in each organ and kinetics of wash ou't from
each organ. SPECT studies were sometimes performed on the abdomen, pelvis and/or ar-eas of
suspected metastatic lesions. Where possible, using known standards of Y7L, percent imjected

dose in tumor was estimated per gram of tumor mass.

Toxicity:

[00428] - NCI CTEP Common Toxicity Criteria (CTC), version 2 (Apﬁl, 1999) was
utilized. Since CTEP has standardized the CTC, the NCI does not require inclusion of thhe CTC
within this document. All treatment areas have access to a copy of the CTC version2.0. A copy
may also be downloaded from the CTEP web site.

[00429] Three to six patients were entered (or will be entered) at each dose level. Dose
escalation was withheld until at least three patients at the ongoing dose level had been followed
for 6 weeks without hematologic toxicity. If any of the initial three patients at a dose levzel
experience grade 1 or 2 hematologic toxicity by 6 weeks, escalation will be withheld unt-il 8
weeks to further evaluate toxicity. If any patient experiences grade 3 or 4 hematologic toxicity,
at least six patients had to be entered at that dose level and followed for a minimum of 8 weeks
prior to escalation or until recovery begins prior to escalation. If, at any time, two instarx.ces of
grade 3 or grade 4 toxicity were observed at a given dose level, further entry at that dose level

would be terminated.

Definition of Dose Limiting Toxicity (DLT):
[00430] Hematologic toxicity: Grade 4 granulocytopenia (ANC < 500/ ul) for>7 days or

grade 4 thrombocytopenia (platelets < 10,000). Other toxicity: grade >3 non-hematologic
toxicity attributable to '"’Lu-DOTA-deJ591.
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Adverse Event Definition:

[00431] An adverse event is defined as any untoward medical occurrence in a research
patient during a clinical trial or 4 weeks-posttreatment, regardless of causality. This includes
clinical or laboratory findings, inter-current illness or an exacerbation or progression of a disease
or a condition present at the time of entry (baseline). An adverse event is non-serious if it does

not meet any of the serious criteria (see below).

Causality/Attribution:
[00432] All clinical adverse events and abnormal laboratory values were evaluated by for

potential relationship to the experimental agent. The following categorizes of
causality/attribution will be utilized: definite, probable, possible, unlikely, and unrelated.
[00433] Abnormal clinical laboratory values of clinical significance which were present at
baseline and did not change in severity or frequency during the experimental therapy and/or
which can reasonably be atiributed to the underlying disease were evaluated by the investigator
and recorded in the “unrelated” category. Such events, therefore, were not be considered in the

evaluation of the safety of this agent.

Preexisting Conditions:
[00434] * In this trial, a preexisting condition (that is, a disorder present before the adverse

event reporting period started) is not reported as an adverse event unless the condition worsens

or episodes increase in frequency during the adverse event reporting period.

Adverse Event Definitions:

[00435] Each adverse event was classified as serious or non-serious and/ expected or
unexpected. An adverse event is classified as serious if it: it resulted in death; it was life-
threatening (i.e., the encountered adverse event placed the subject at immediate risk of death; it
does not apply to an adverse event which hypothetically might have caused death if it had been
more severe); it required or prolonged in-patient hospitalization; it resulted in persistent or

significant disability or incapacity; and it resulted in 2 congenital anomaly/birth defect.
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Grading:
[00436] Toxicity was graded on a scale of 0-4 using either the Common Toxicity Criteria

scales or the following:

(1)  0=no toxicity.

) 1 = mild toxicity, usually transient, requiririg no special treatment and
generally not interfering with patient activity.

(3) 2 =moderate toxicity which may be ameliorated by simple therapeutic
measures; impairs usual activities.

(4) 3 =severe toxicity requiring therapeutic intervention and interrupting
usual activities. Hospitalization may or may not be required.

(5) 4 =life threatening toxicity which requires hospitalization.

(6)  5=a fatal toxicity.

Criteria for therapeutic response:

[00437] Prostate cancer is manifest by rising PSA levels, new lesions on bone scan, new
disease-related symptoms and, less commonly, increasing size of a measurable soft tissue mass.
Response is commonly assessed either biochemically (PSA change) or by change in size of a
measurable lesion/s. |

[00438] Biochemical (PSA) response was determined as described above. In patients with
measurable disease: Complete response is defined as complete disappearance of all measurable
lesions by physical examination or imaging studies with no appearance of new lesions for > 2
months. Partial response: is defined as a 50% or greater reduction in the sum of the products of
the longest perpendicular diameters of all measurable lesions. There may be no new lesions.
Stable disease: patients who do not meet the criteria of partial response and who are without
signs of progressive disease for >2 months. Progressive disease is defined as a greater than 25%
increase in the sum of the products of the longest perpendicular diameters of the immeasurable
lesions, the appearance of new lesions or a rise in prostate specific antigen above pre-treatment
baseline.

[00439] Duration of response: Typically, the first sign of progression will be a rise in

serum PSA. In this trial the duration of response will be the time interval from treatment
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initiation until progression is documented by either a rise in PSA, enlargement of the measurable
lesion/s, or new lesion/s on bone scan. The rising PSA must be confirmed by a second, serially

rising PSA and the duration will be defined as the time from initiation of treatment to the time of

the first rising PSA.
Results:
[00440] Hormone refractory patients with CT/Bone scan documented prostate cancer

lesions and increasing PSA levels were enrolled in a Phase I dose-escalation (10-75 mCi/m?)
study. All of the patients had failed one or more forms of hormone therapy. '
[00441] To date, twenty-eight patients (seven groups of patients, 3-6/group) have received
T u-DOTA-deJ591 (10 mg/m?). Each group received a different dose of '""Lu-DOTA-deJ591:
10, 15, 30, 45, 60, 70 or 75 mCi/m®. Blood samples were obtained for two weeks, and imaging
studies were performed five times during the same two weeks. Blood chemistry, hematology,
and PSA levels were monitored for three months or longer. Patients having satisfactory
hematological recovery after 6 weeks were eligible for retreatment with deJ591-DOTA-'""Lu.
[00442] Imaging studies showed specific tumor localization of " u-DOTA-deJ591. Four
patients had previously unrecognized metastatic foci demonstrated upon 177Lu-DOTA-deJ591
imaging, which was subsequently confirmed by conventional imaging. Imagining of patients
treated with '"’Lu-DOTA-deJ591 showed targeting of metastatic sites in bone and/or soft tissue
comparable to conventional imaging. Specifically, '""Lu-DOTA-deJ591 had 100% targeting
efficacy (15/15) for bone metastases as compared to conventional imaging and had 80%
targeting efficacy (4/5) for soft tissue metastases as compared to conventional imaging. Thus,
overall targeting of metastases for '”’Lu-DOTA-deJ591 was 95% (19/20) as compared to
conventional imaging. The radiation dosimetry estimates show that the liver is the critical organ
receiving 7.77+/-2.23 rads/mCi. Dose to bone marrow based on blood activity is 1.17+/-0.37
rads/mCi. Plasma T1/2 of ""Lu-DOTA-deJ591 was 43+/-11 hours. No significant changes were
observed in blood chemistry, or liver or kidney function. Hematological changes were observed
at different dose levels, but even at the 60 mCi/m? dose level, no serious toxicity was observed.
At 10 mCi/m?, none of the patients developed granulocytopenia or thrombocytopenia. For
patients receiving the 15 mCi/m? dose level, one patient developed grade 1 thrombocytopenia.

No other significant hematological changes were observed. Of the patients receiving the 30
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mCi/m* dose level, one patient developed grade 2 thrombocytopenia and one patient developed
grade 2 granulocytopenia. Otherwise at the 30 mCi/m? dose, grade 1 or grade 0 platelet toxicity
and neutrophil counts were observed. At 45 mCi/m?, one patient developed grade 3
thrombocytopenia, the remaining patients developed grade 2 or grade 1 thrombocytopenia. In
addition, two patients developed grade 2 granulocytopenia and three developed grade 1
granulocytopénia or did not develop cytopenia at all. For the patients receiving the 60 mCi/m”
dose level, one patient developed grade 3 thrombocytopenia and two patients developed grade 3
granulocytopenia. Otherwise platelet counts and neutrophil counts indicated grade 1 or 2
thrombocytopenia, and grade 1 granulocyopenia. Of the six patients treated at the 70 mCi/m*
dose level, four patients developed grade 3 platelet toxicity and one patient developed grade 4
platelet toxicity. The remaining patient developed grade 2 4p1atelet toxicity. In addition, one
patient developed grade 4 granulocytopenia. The rest of the patients developed grade 2 or grade
3 granulocytopenia. At 75 mCi/m?, all three patients tested developed dose limiting toxicity.
Two patients developed grade 3 thrombocytopenia and one patient developéd grade 4
thrombocytopenia. In addition, all three patients developed grade 4 granulocytopenia.
[00443] Non-hematologic toxicity observed in the twenty eight patients is set forth in
Table 20 below:

Table 20: Non-hematologic toxicity
Number of Patients with Toxicity Grade

Adverse Event 1 2 3 4
Fatigue 12 3 0 0
Anorexia 1 0 0 0
Fever 1 0 0 0
Rigors 1 0 0 0
Nausea 5 0 0 0
Vomiting 1 0 0 0
Diarrhea 1 1 0 0
Constipation 4 0 0 0
Rash 2 1 0 0
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TALT 7 1 0 0
T AST 11 0 0 0
[00444] The first eleven patients that entered the study received a dose of 1 4-DOTA-

deJ591 at levels of 10 mCi/m? (three patients), 15 mCi/m® (three patients), and 30 mCi/m? (five
patients), All patients had failed one or more forms of hormone therapy, and one (17%) patient
had failed at least one chemotherapy regimen. Toxicity was minimal, with no patients having
grade 2 or 3 adverse events, and limited to reversible myelosuppression, primarily
thrombocytopenia. No patients developed an immune response to "L u-DOTA-J591.

[00445] Among these first eleven patients, dose-related anti-tumor effects were noted.
Following treatment at the 10 mCi/m® dose level, two patients had PSA levels that continued to
rise despite treatment, while the remaining patient showed stabilization of PSA levels. At 15
mCi/m?, two patients had a mean decrease of 35% in PSA levels, while one patient’s PSA levels
progressed despite therapy. Mean time to PSA nadir was 4 weeks post treatment (range: 2-6
weeks). One of the three patients that exhibited a decrease in PSA levels, who did not have
measurable disease, continued to have 50% reduced PSA levels even at 18 weeks post-treatment
(see Figure 14). One of these patients has been retreated and has received at least three doses of
Y"Lu-DOTA-deJ591.

[00446] Of the total twenty-eight patients, preliminary efficacy results show that 4 patients
experienced at least a 50% decline in PSA levels lasting 5 to 8 months prior to returning to pre-
treatment values. PSA responses were seen in an additional 8 patients with PSA declines or
prolonged stabilization. In addition, several patients had improvement in pain and KPS. Ofthe
five patients receiving the 30 mCi/m?* dose level, four have been retreated with'”’Lu-DOTA-
deJ591. At the 45 mCi/m® dose level, three out of the five patients have been retreated and at the

60 mCi/m?® dose level, two out three patients have been retreated.

Conclusions:

[00447] 1777 4-J591 is non-immunogenic (which allows for repeated treatments) and has
low toxicity at doses up to 70 mCi/m?. No HAHA response was seen in any of the patients
including the retreated patients. '"’Lu-DOTA-deJ591 has dose-related anti-tumor effects in
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patients with advanced prostate cancer. It was found to target prostate cancer metastases in both
bone and soft tissue. In contrast to *°Y-DOTA-deJ591, which has a maximum tolerated dose
estimated to be about 20 mCi/m?, ""Lu-DOTA-deJ591is safe even at a 30 mCi/m? dose level. At
75 mCi/m?, all patients developed dose-limiting toxicity. Thus, the maximum tolerated dose
(MTD) of ""Lu-DOTA-deJ591 is about 70 mCi/m?. Toxicity of "' Lu-DOTA-deJ591 was dose-
related and limited to reversible myelosuppression, primarily thrombocytopenia. Non-
hematologic toxicity was not dose limiting at any dose level tested. Y"1 u-DOTA-deJ591
appears to eliminate disadvantages associated with both PIL.DOTA-deJ591 (which is
dehalogenated in vivo and is not ideal for mAbs that are internalized) and 90Y—DOTA—deJ 591.
The longer residence time of '"’Lu-DOTA-deJ591 in tumor tissue may also augment the anti-
tumor response as biochemical (PSA) declines and stabilizations were seen.

[00448] Multiple doses, each dose below the MTD of '"Lu-DOTA-deJ591 have been
given. With this approach two or more doses have been able to be given such that in most cases
the cumulative dose delivered exceeds that of a single dose of '"’Lu-DOTA-deJ591. Multiple
dosing may offer several advantages. For example, the toxicity from each dose is significantly
less than that experienced after a single dose. The number, and therefore, the total cumulative
dose delivered can be titrated to the degree of bone marrow tolerance of the individual patient.
Unlike a single dose administration, where in order to avoid excess toxicity to more than about
17% of the patients-some patients are dosed below their threshold, multiple dosing allows
patients with more robust marrow to receive a higher cumulative dose without risking long term
compromise. Conversely, those patients with more fragile marrow will not be treated beyond
their tolerance. It was found that multiple doses of <45 mCi/m? (e.g., 30 mCi/m?) is the best
incremental dose. Multiple doses of 30 mCi/m” are generally well tolerated. Toxicity at each
dose can be observed and dosing ceased when the toxicity reaches a point (e.g., grade 3 toxicity)
where the next dose would be expected to have excessive toxicity. OQur data indicates that
patients can tolerate between about 2-5 doses of 30 mCi/m? It is likely that a typical patient
would get about 3 doses. This would provide a cumulative dose of 90 mCi/m?, greater than what
can be delivered by a single dose within the same standards. Some patients with robust marrows
may tolerate up to if not more than 5 doses, allowing delivery of more than two-fold that which
can be delivered by a single dose. When given multiple doses at increments of 45 or 60 mCi/m?,

patients tolerated the 1st dose well, but the additive effect of the 2nd dose resulted in prolonged
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thrombocytopenia. Therefore, multiple fractionated doses somewhere in the range <45 mCi/m?

would be acceptable.
[00449] Animal data has indicated that a fractionated dose approach provides higher

response rate, longer survival and more cures than a single dose approach.

Example 13 - Imaging Non-Prostate Cancers

[00450] In addition to prostate epithelial cells, immunohistochemical studies show that
PSMA is also expressed by vascular endothelial cells of numerous solid tumors, but not by
normal vascular endothelium in benign tissues. As discussed above, this expression pattern of
PSMA occurs in virtually all solid tumors.

[00451] AnIRB approved Phase I dose escalation trial of ''In-DOTA-deJ591 was
initiated to assess its value as an therapeutic agent for vasculotoxic therapy, to define its toxicity
and maximum tolerated dose, to determine its pharmacokinetics and biodistﬁbuﬁon, and to
assess for immunogenicity. Eligible patients were those with refractory solid tumor
malignancies whose tumor types are known to express PSMA on the neovasculature.

[00452] Fifteen patients received Smg (three patients), 10mg (six patients), or 20mg (six
patients) of M1n-DOTA-del591, followed by a second dose 14 days later.

[00453] Patients the participated in the study included eight renal cell cancer patients, four
bladder cancer patients, two colon cancer patients, and one pancreas cancer patient. All patients
underwent whole body and SPECT imaging on days 0 (the day of injection), 2, 5, and 7 of ''In-
DOTA-deJ591 injection. The ''In-DOTA-deJ591 imaging results were compared with CT and
bone scans.

[00454] Imaging data revealed '"'In-DOTA-deJ591 tumor targeting in ten of the fifteen
patients (7 renal cell cancer, 2 bladder cancer, and 1 colon cancer). Targeting was best observed
on days 2 and 5, and was independent of antibody mass delivered. No additional sites were
detected on SPECT. Targeted metastatic sites included: Iungs, femur, retroperitoneal and
cervical lymph nodes. Brain metastasis in one patient (with renal cell cancer) was first detected
by 'In-DOTA-deJ591 imaging and later confirmed by MRI. ''In-DOTA-deJ591 imaging was -
false negative in five of the fifteen patients (2 bladder cancer, 1 colon cancer, 1 pancreas cancer,
and 1 renal cell cancer). Non-targeted metastatic sites included: liver, renal bed, pancreas, lungs,

and celiac lymph nodes. Undetected lung lesions measured less than 1cm in size.
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[00455] No objective responses occurred, although a colon cancer patient had a 50%
decline in CEA and two patients had improvement in cancer pain and performance status.
[00456] Two different patients with metastatic kidney cancer, having disease that had
spread to the lungs, lymph nodes, and/or bones, were inj ected with deJ591 labeled with

M dium, Images of the patients, taken within 2 days of injection, demonstrated significant
uptake of the antibody in the known tumor sites in these varying tissues and organs. The extent
of the uptake of antibody is both substantial and rapid.

[00457] Among physiological sites, highest uptake was observed in the liver. Plasma
clearance and liver uptake were dependent upon antibody mass; lower mass resulted in faster
plasma clearance and higher liver uptake (in terms of percentage uptake). Plasma clearance
(T1/2) for 5mg, 10mg, and 20mg of deJ591 were 21+/-11 hours, 24+/-6 hours, and 37+/-8 hours,
respectively. Liver uptake for the same dose levels was 28%+/-14%, 17%+/-7%, and 13%+/-
5%, respectively. '

[00458] Based on these data, the protocol was revised to provide dosing for 6 consecutive
weeks (10, 20, 40 and 80 mg/week dose levels) with the option for re-treatment on 8 week cycles
if patients have stable or responding disease. To date, nine patients are currently receiving
treatment on this schedule.

[00459] Wm DOTA-deJ591 specifically targets vascular endothelium of solid tumors.
These trials demonstrate that deJ591 is an effective approach to targeting solid tumor vascular

endothelium with radioactivity or cytotoxins.

Example 14 - Phase II Trial of mAb deJ591 in combination with Low-dose Subcutaneous

Interleukin-2 in Patients with Recurrent Prostate Cancer

[00460] The subjects for this trial have prostate cancer which has relapsed after definitive
therapy (e.g. surgery and/or radiation) and/or who are hormone independent and for whom no
standard therapy exists. There is currently no curative therapy for these patients.

[00461] The objectives of the trial are to: (1) To define the preliminary efficacy (response
rate) of mAb deJ591 in combination with daily low-dose subcutaneous IL-2 in patients who have
recurrent and/or metastatic prostate cancer; (2) to study the toxicity of mAb deJ591 in
combination with daily low-dose subcutaneous IL-2; and (3) to measure in vitro the effect of IL-

2 on the immune response.
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Low-Dose IL-2 Therapy:
[00462] TL-2 promotes the proliferation and enhances the secretory capacity of all major
types of lymphocytes, including T cells, B cells, and natural killer (NK) cells (Smith K.A. (1988)

Science 240:169). The IL-2 stimulated expansion of antigen-selected T-cell and B-cell clones
determines the magnitude of antigen-specific immune responses, while the quality of the
response is determined by IL-2 promoted secretion of additional cytokines, cytolytic molecules
and antibodies (Smith K.A (1993) Blood 81:1414-1423). In addition, through its effects on NK
cells, IL-2 stimulates antigen-nonspecific host reactions that involve an interplay between NK
cells and monocytes. As a result of these functions, it follows that IL-2 should be useful as an
immune‘ stimulant, particularly in cancer immunotherapy. The therapeutic use of IL-2, however,
is made difficult because one of its major effects consists of the stimulation of secondary
cytokine secretion by IL-2-responsive cells. Many of the potential beneficial effects of IL-2 can
be attributed to these secondary cytokines that recruit and activate additional cell types,
especially monocytes, that contribute to thee total immune/inflammatory reaction. However,
these same secondary cytokines, when produced in too large amounts, can also lead to severe
toxicity. IL-2 was first used in very high doses for the treatment of cancer, equivalent to 150
million units (MU) of Chiron Corporation IL-2 (Rosenberg S.A (1990) Sci. Am 262:62-69). This
high dose was determined using the dose-escalation and dose-intensification principles of
chemotherapy, and was associated with significant grade 3 and 4 toxicity. IL-2 in high doses is
known to cause serious side effects including fever, rigors, malaise, myalgia, nausea/vomiting,
hypotension and possibly death.

[00463] In the 1990s, researchers began to examine the immunomodulatory effects and
toxicities of continuous low dose IL-2 (Smith K. A (1993) Blood 81:1414-1423; Caligiuri et al.
(1991) J Clin Oncol 9:2110-2119; Caligiuri et al. (1993) J Clin Invest 91:123-132; Bernstein et
al. (1995) Blood 86:3287-3294). These studies demonstrated that doses of IL-2 as low as 1.2
MU daily resulted in the specific expansion of NK cells with minimal toxicity. Bernstein et al.
(1995) Blood 86:3287-3294; Lalezari et al. (2000) HIV Clin Trials). Potential side effects
include injection site reactions (usually redness at the injection site), asthenia, flu-like symptoms,
nausea, diarrhea and eosinophilia. The selective expansion of human CD3", CD56" NK cells

during low-dose IL-2 begins within 2 weeks of therapy and plateaus after 4-6 weeks of treatment
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(Smith K.A (1993) Blood 81:1414-1423; Fehniger et al. (2000) J Clin Invest 106:117-124). NK
cells can account for as many as 60%-80% of PBMCs afier one month of therapy (Smith K.A
(1993) supra). Recent studies suggest that increased NK cell number results from enhanced NK-
cell differentiation from bone marrow progenitors, combined with a delay in IL-2 dependent NK-
cell death (Fehniger et al. (2000) supra). The low-dose IL-2 regimens have been specifically
designed to completely avoid toxicity.

Combination Monoclonal Antibody and IL-2 Therapy:

[00464] The combination of monoclonal antibodies and IL-2 potentially should enhance
monoclonal antibody efficacy. IL-2 will function to augment the reticuloendothelial system to
recognize antigen-antibody complexes by its effects on NK cells and macrophages. Thus, by
stimulating NK cells to release IFN, GM-CSF, and TNF, these cytokines will increase the cell
surface density of Fc receptors, as well as the phagocytic capacities of these cells. Therefore, the
effector arm of both the humoral and cellular arms will be artificially enhahced. The net effect
will be to improve the efficiency of monoclonal antibody therapy, so that a maximal response
may be obtained. A small number of clinical trials have combined IL-2 with a monoclonal
antibody (Albertini et al. (1997) Clin Cancer Res 3:1277-1288; Frost et al. (1997) Cancer
80:317-333; Kossman et al. (1999) Clin Cancer Res 5:2748-2755). In such studies, IL-2 was
administered intravenoﬁsly by either bolus or continuous infusion. Toxicity was associated with

higher doses of IL-2.

IL-2 Therapy in Prostate Cancer:
[00465] A variety of studies have examined the effects of IL-2 on prostate cancer cells in

vitro and in prostate cancer animal models, Moody et al. Interleukin-2 transfected prostate
cancer cells generate a local antitumor effect £z vivo (Prostate, 24: 244-251, 1994; Sokoloff et al.
(1996) Cancer, 77: 1862-1872; Triest et al. (1998) Clin Cancer Res, 4: 2009-2014; Hautmann et
al. (1999) Anticancer Res, 19: 2661-2663; Hillman et al. (1999) Cancer Detect.Prev. 23: 333-
342), although there have been few clinical trials of IL-2 in patients with advanced prostate
cancer. Hillman et al. (1999) supra; Maffezzini et al. (1996) Prostate, 28: 282-286; Morris et al.
(2000) Cancer, 89: 1329-1348). A Phase Il trials of 1.V. intermediate dose IL-2 (dose ranging

from 10-15 MU daily x 4) in patients with hormone refractory prostate cancer was conducted. In
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six out of ten patients, a transient decline in PSA levels was observed. It is unclear if this was
from anti-tumor activity, or if IL-2 affected PSA expression, as had been reported in vitro studies
using LNCaP cells (Sokoloff et al. (1996) supra). No regression of measurable disease was
observed in any patient. The effect of daily sub-cutaneous low-dose IL-2 in patients with

progressive prostate cancer has not been examined.

(1)  To define the preliminary efficacy (response rate) of mAb deJ591 in

combination with daily low-dose subcutaneous IL-2 in patients who have
recurrent and/or metastatic prostate cancer.

(2)  To study the toxicity of mAb deJ591 in combination with daily low-dose
subcutaneous IL-2.

(3)  To measure the effect of IL-2 on the peripheral blood mononuclear cell
(PBMC) population.

(4)  To measure in vitro the effect of IL-2 activated NK cells from patients on
this protocol to induce ADCC with mAb deJ 591.

Treatment Protocol:

[00466] Patients receive daily low-dose subcutaneous rIL-2 (1.2 x 10° TU/m?*/day) on day

1 through day 56. After three weeks of IL-2 administration, patients receive deJ591 by LV. (25
mg/m?) once a week for three consecutive weeks (on days 22, 29, and 36). IL-2 administration is
continued during this period another two weeks afterwards. This 8-week regimen constitutes one
cycle of therapy. Patients are evaluated for response at the end of one cycle. Patients who have
responded to therapy or have stable disease are eligible for additional cycles of therapy.
Additional cycles will be initiated when there is at least two consecutive rises in PSA at least 2
weeks apart. A three-week lead in with IL-2 should be sufficient to significantly increase the
NK cell population. The dose of deJ591 is based on preliminary pharmacokinetic data from the
Phase I 'In-labeled deJ591 trial. The dose of antibody will be adjusted based on additional data
analysis of patients treated in this manner.

[00467] A single cycle of treatment has been initiated. Patients who progress by

radiographic documentation after one cycle will be removed from the study. Patients who
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responded by radiographic documentation, or who had stable disease by imaging with >50%
decline in PSA value, or who had stable disease by imaging with stable PSA levels, will be
examined every 3-4 weeks. Responding or stable patients will be eligible for re-treatment (a
second 8-week cycle) following 2 consecutive PSA rises at least 2 weeks apart, at the discretion
of the Principal Investigator and the option of the patient. Patients who have stable disease by
imaging with a rising PSA (>25% of pre-treatment value) will be examined every 3-4 weeks.
Re-treatment will be at the discretion of the Principal Investigator. In order to be retreated, the
patient must have a immune reaction titer <1/100 and satisfy all initial Eligibility and Exclusion
criteria. Re-treatment will be at the identical dose formulation as the initial dose given to the

patient.

Patient Selection:

[00468] The trial is a pilot study to ascertain if low-dose IL-2 in combination with deJ591

has activity in prostate cancer. It is possible that low-dose IL-2 may have activity in prostate
cancer patients. However, it has been decided not to treat patients with IL-2 alone, or delay
antibody therapy, if the PSA declines after 3 weeks of therapy on low-does IL-2, as it will be
interesting to study the combined effect of deJ591 with IL-2. If significant activity is observed, a
subsequent randomized trial of IL-2 alone vs. IL-2 with deJ591 will be conducted. It is unclear
which stage of patient with prostate cancer might benefit from this approach. Therefore, at least
ten patients will be treated, each in the following subgroups: 1) Biochemical relapse, hormone
naive: rising PSA following radical prostatectomy or radiation therapy, without evidence of
metastatic disease; 2) Biochemical relapse, hormone refractory: rising PSA following hormonal
therapy without prior chemotherapy (these patients may or may not have radiographic
documented metastatic disease); and 3) Hormone refractory, having received prior:

chemotherapy. About 30-40 patients will be enrolled on this trial.

Toxicity:
[00469] Toxicity will be scored using the Cancer Therapy Ewvaluation Program Common
Toxicity Criteria, Version 2.0 (April 1999).

IL.2 Dosage modiﬁcations:
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[00470] IL-2 will be permanently discontinued for any study drug-related Grade 4 toxicity
except hematologic (which can be corrected with EPO or G-CSF or blood transfusions). If at
any time during the study, ALT is > 20 times the upper limit of normal, both IL-2 and mAb
therapy will be permanently discontinued in that subject. Electrolyte abnormalities that can be
readily corrected will not require permanent drug discontinuation. .
[00471] This protocol allows for one dose level reduction of IL-2 0f 25% to 0.9 mU/M? .
Subjects receiving IL-2 may have their IL-2 interrupted for > Grade 1 toxicity for 24-48 hours.
Toxicities that may cause IL-2 to be temporarily interrupted are: ‘

Electrolyte abnormalities Grade 1 or higher that cannot be rapidly corrected;

Grade 1 or higher respiratory toxicity;

Grade 3 local reaction or any local reaction involving ulceration;

Fever > 38°C, or intolerable flu-like symptoms or rigors;

ther Grade 3 or greater toxicity, either related or unrelated to IL-2;

Fever suspected to be related to an opportunistic infection;

Grade 1 fatigue; and

Grade 2 hematologic toxicity that can be corrected with EPO, G-CSF, or blood

transfusions.

[00472] Subjects who have their IL-2 interrupted can have it resumed at the same dose or
at one dose level reduction within 24-48 hours of stopping drug. The dose of IL-2 for that
subject may later be increased to the initial dose at the discretion of the subject and the local

investigator.

MAD deJ591:

[00473] Allergic events will be managed as follows: rash, pruritis, urticaria and wheezing
will be treated with benadryl and/or steroids as clinically appropriate. Anaphylaxis or
anaphylactoid signs or symptoms will be treated with steroids and/or epinephrine as clinically
indicated. Patients will be treated in a general clinical research center equipped for
cardiopulmonary resuscitation.

[00474] Both drugs will be discontinued in patients who experience any grade 3 or 4
toxicity during the three weeks when mAb is administered. Treatment with mAb will resume at

179



WO 2005/094882 PCT/US2004/006543

a 25% reduction in dose of mAb deJ591 after the toxicity has returned to grade I or less. If grade
3 or 4 toxicity recurs on attenuated do ses, mAb treatment will be discontinued. IL-2 treatment

will continue for completion of the 8-week cycle.

Criteria for therapeutic response:
[00475] Response will be asses sed either biochemically (PSA change) and/or by change in

size of a measurable lesion/s uéing standard response criteria for prostate cancer (Dawson N.A.
(1999) Semin Oncol 26:174-184; Bubley, G.J., et al. (1999) J Clin Oncol, 17:3461-3467)
[00476] Biochemical (PSA) response will be determined as described above. Criteria for
measuring the disease is as follows: Complete response is defined as complete disappearance of
all measurable lesions by physical examination or imaging studies with no appearance of new
lesions for > 2 months. Partial respon se: is defined as a 50% or greater reduction in the sum of
the products of the longest perpendicu lar diameters of all measurable lesions. There may be no
new lesions. Stable disease: patients who do not meet the criteria of partial response and who are
without signs of progressive disease for > 2 months. Progressive disease is defined as a greater
than 25% increase in the sum of the products of the longest perpendicular diameters of the
indicator lesions, the appearance of ne'w lesions or a rise in prostate specific antigen above pre-

treatment baseline.

Correlative Studies:

[00477] Immunologic Phenotyping: Immunofluorescence and phenotyping will be
performed using flow cytometry to measure the PBMC population and to quantify expression of
lymphocyte subséts (CD3 for T cells, €D56 for NK cells and CD14 for monocytes) as previously
described (Bernstein Z.P., et al. (1995) Blood 86:3287-3294; Lalezari J.P., et al. (2000) HIV Clin
Trials).

[00478] S1Cr-Release Assay Forr Cytolysis By NK/Lak Cells: A standard chromium release
assay will be used to measure the abili ty of NK cells derived from PBMCs to lyse PSMIA
‘expressing target cells (Cox J.H., et al. (2000) Mol Biotechnol 15:147-154). NK cells will be
isolated from PBMCs using a series of purifications using Ficoll-Hypaque density gradient,
nylon wool columns and negative selection with immunomagnetic beads to remove T

lymphocytes and residual monocytes as well as B cells, as described. (Cox J.H. (2000) supra).
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On the day of the cytotoxicity assay, viable LNCaP cells (target cells) are labeled with no less
than 100 uCi of °'Cr for 1 hr in a 37°C, washed, and resuspend in RPMI at a concentration of 5 x
10* cells/ml, with a goal of 0.2 to 1.5 cpm per cell.

Additional Assays:
[00479] Assays to measure expression of intracellular accumulation of cytokines, such as

IL-2, TNF, and IFN, are described in Pala P. et al. (2000) J Immunol Methods 234:107-124.

Expression of these cytokines in patients PBMCs before and on therapy can be measured.

Statistical Methods:

[00480] For all outcome variable with measurements taken at various time points, a
Repeated Measures Analysis of Variance (RMANOVA) will be carried out to determine any
patterns of change over time. Upon finding a significant time effect, Bonferroni- adjusted
painwise contrasts will be calculated to determine which time points differ from one another. To
simplify the analysis for data obtained at multiple time points, one may choose to “ aggregate™
the measurement values taken over time. An area under the curve (AUC) analysis for the PSA

levels can be carried out. Altemaﬁvely, a “slope analysis” may be carried out.

Current Status of Results:

[00481] Six patients have been entered and three have completed 8 weeks of therapy;, two
patients are being retreated based on PSA stabilization. A third patient had objective disease
progression. Toxicities have been expected and minor including fatigue, injection site reactions
and asymptomatic thyroid function abnormalities. IL-2 mediated immune modulation is being
evaluated by flow cytometry on peripheral blood to quantify expression of lymphocyte subsets
pre- and post-mAb treatment.

Example 15: Conjugation of deJ591 to the maytansinoid cytotoxin DM1
[00482) This example describes a process for the production of the deJ591-DM1

immunoconjugate. The process is based on standard methods known in the art and can therefore

be generalized to other antibodies, including other antibodies of the invention such as deJ415.
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[00483] The methods of conjugation are based on several small scale experiments,
including one experiment performed using 5g of deJ591 s€arting material (Lot 1552-60S) and
three experiments performed using between 6.7g and 7.3g of deJ591 starting material (Lots
1552-168, 1552-104, and 1610-036).

[00484] The steps involved in the methods of conju gation are as follows:

1) 5g to 7.5g of deJ591 antibody is concentrated by tangential flow filtration .
(10kD NMWCO membranes) to 25-30 mg/m] and diafiltexed against 5 volumes of 50mM
potassium phosphate, 2mM EDTA, pH 6.0. The yield is typically between 98% and 100%.

2) The concentrated antibody is filtered through a 0.2 p filter, if opalescent, and
then modified with N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP) at a concentration of
20-22 mg/m] antibody and about 7 molecules of SPP per mnolecule of antibody; preferably, 6.3
molecules of SPP per molecule of antibody are used, 6, 5, 4, or any fraction thereof can also be
used. The modification is done in 50mM sodium citrate ox, preferably, potassium phosphate,
2mM EDTA, 5% ethanol, pH 6.0, for 2.5 +/- 0.5 hours. The modification vessel is a 500ml
round bottom flask.

3) The SPP-modified antibody is separated from the reaction mixture of step 2)
using gel filtration chromatography and a Sephadex G-257™ column. The column load
represents about 25% of the column volume and the chromaatography is done in 50mM potassium
phosphate, 2mM EDTA, pH 6.0, at a flow rate of 50 cm/hr-. The modified antibody elutes
between 35-75% column volume. Typically the yield of thiis step is between 95% and 100% and
the SPP to antibody ratio is about 5.4 to 5.9 SPP molecule/ antibody.

4) At a concentration of about 10mg/ml, thee SPP-modified antibody is conjugated
with DM1 (using 1.7 molecules of DM1/molecule of SPP conjugated to the antibodies) for 20
+/- 4 hours. Typically, the reaction time is between 16.25 and 17.7 hours and is carried out in a
1L round bottom glass flask equipped with a magnetic stirring bar. The conjugation reaction is
done in 10% EtOH or more preferably in 3% N,N-Dimethy/lacetamide (DMA), with 10% sucrose
(100mg sucrose/ml of reaction). At the end of the reaction the conjugated antibody is filtered
through a 0.2 pm filter and a spectrophotometric reading is taken.

5) The conjugated antibody is separated frorm unreacted DM1 by gel filtration
chromatography using a Sephadex G-25™ column. The column load represents 22-23% of the

column volume and the flow rate is about 50 cm/hr. The column is equilibrated and run in
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20mM succinate, 5% or 10% sucrose, preferably 10% sucrose (100mg/ml), pH 5.5. The
antibody conjugate elutes between about 31% and 65% of colusmn volume, and is collected from
the start of the peak elution to the start of the peak trailing edge> as a single fraction, followed by
fractionation of the remaining peak material in 15x2% column ~volume fractions. All fractions
are adjusted to 100mg/ml of sucrose (10% sucrose) through thes addition of appropriate amounts
of 50% sucrose. The 2% column volume fractions are assayed by analytical éizing (TSK
3000SWL) and selected fractions (fractions 1 and 2) are pooled together with the main peak.
The fractions are assayed using analytical sizing with the poolimag criterion being the 24 minute
peak representing <20% of the total peak area. Typically the yield of this step is between 60%
and 65% with the exception of run 1552-104 where there was mo sucrose present in the reaction
and/or purification mixture. The eluted antibody concentration ranges from 3.8 to 4.2 mg/ml and
the ratio of DM1/antibody ranges from 3.6 to 3.9. ‘

6) The antibody conjugate is then concentrated to 7-10 mg/ml using a 10kD
NMWCO tangential flow filtration membrane and diafiltered against 5-7 volumes of 50mM
succinate, 10% sucrose, pH 5.5 (Inlet Pressure < 10 psi). Following diafiltration the antibody
conjugate is adjusted to 5 mg/ml. Typical yield for this step is between 92% and 100%, with the
final protein concentration being between 4.85 and 5.1 mg/ml.

7) Finally, the antibody conjugate is filtered through a 0.2 pm filter, aliquoted to
the specified volumes and frozen at -80°C until usage. Step yield is between 90% and 100% and
the final DM1-antibody ratio is 3.5 to 3.8. Alternatively, the drug product may be Iyophilized.
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The resulting deJ591-DM1 conjugates were ana lyzed according to appearance,

concentration, DM1/antibody ratio, endotoxin, non-specific cygotoxicity, acetone extractable

DM1, analytical sizing, reduced and non-reduced SDS-PAGE, pH, bioburden, specific
cytotoxicity, and IEF. Selected analytical results for lots 1552—168, 1552-104, and 1552-036 are

shown in Table 21, below.
Table 21
Amount Final Process
Lot No. Recovered Concentration | DIM1/antibody Recovery (%)
(mg/ml) (mg/mi) yin
1552-168 3.85 5.1 3.7 57.2
1552-104 2.75 4.85 3.5 37.8%
1610-036 341 5.05 3.8 472
Mean 3.34 5.00 3.67 474
Standard Dev. - 0.55 0.13 0.15 9.7
% c.v. 16.6 2.6 4.2 20.5

* Lower recovery due partly to the lack of sucrose in the conjug ation reaction and the second G-
25 gel filtration run and partly to the fact that the front end of the product peak was not collected
due to a malfunction in the chart recorder.

[00486]

Briefly, the process can be summarized as follows.

1. Concentration of deJ591 using Tangential Flow Filtration (TFF).

2. The antibody is then modified with TPA by addition of SPP reagent.

3.

on a Sephadex G25F SEC chromatography column.

4. The antibody is conjugated with DM1.
5. The conjugated antibody is then purified on a Sephadex G25F SEC

chromatography column, and pooled.

Single modified antibody fractions are then separ-ated from the reaction mixture

6. The conjugated antibody is then concentrated and buffer exchanged into
formulation buffer by TFF.

7. Finally, the final concentration is adjusted to abowt 5.0 mg/mL.

The overall process yield, as assessed by recovery of antibody is typically about 60%, but can

vary greatly depending on the molar ratio of SPP linker to antibo dy used. For example, typical
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percent yields using a 7:1 linker to antibody ratio are about 76% (with a DM1:antibody ratio of
about 3.5:1); for a 6:1 ratio, about 76% yield (with DM1:Ab of 3.6:1); 5:1 yields about 88%
(with DM1:Ab of 3.2:1); and 4:1 yields about 92% (with DM1:Ab of 2.6:1).

Example 16: Method of Manufacture of deJ 591
Harvest/Clarification And Concentration

[00487] A 2000L scale production fermentation reaction mixture was harvestéd by
centrifugation. Following centrifugation the harvest supernatant was passed through a depth
filter to remove any remaining cell debris. (The 200 L scale process utilized depth filltration
alone to remove cells and related debris.) The resultant clarified harvest was concentrated using

an ultrafiltration system, such as a 0.2 um system.

Filtration

[00488] The concentrated product was aseptically filtered and stored at 2 to 8°CC.
Purification

[00489] A brief summary of the purification process is given below. At the encd of each

purification processing step and at the time of dispensing into the bulk purified product
container, the in-process product was 0.2 pm filtered. In-process product was stored at 2 to 8°C

between processing steps.

Purification By Recombinant rmp-Protein A Chromatography

[00490] The immobilized recombinant rmp-Protein A chromatography step wa.s run as a
multi-cycle proéess. The recombinant rmp-Protein A used for purification was dedicated to
deJ591.

[00491] The processed harvest supernatant was divided into appropriately sizecl aliquots
and loaded onto the recombinant rmp-Protein A column in successive cycles. Each aliquot was
processed as follows: The Protein A column was equilibrated using 50 mM Glycine Glycinate
pH 8.0 buffer containing 250 mM Sodium Chloride. Processed harvest supernatant w-as adjusted
to pH 8.00 =+ 0.5 using 1.0 M Tris base prior to being loaded onto the column. After loading the

column, the unbound impurities were washed through the column using 50 mM Glycime
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Glycinate pH 8.0 buffer containing 250 mM Sodium Chloride, followed by @ mM sodium
formate pH 6.0 buffer. Bound antibody was eluted from the column as a single fraction using 13
mM Sodium Formate, pH 4.0 buffer. Bound impurities were eluted from the column using 100
mM Citric Acid, pH 2.1 between cycles. Upon completion of the chromatography step or after 5
cycles the column was cleaned with a solution of 6 M Guanidine HCI. |
[00492] The recombinant rmp-protein A matrix was removed from the column and stored

in 20% ethanol between batches.

pH 3.7 Treatment
[00493]) The recombinant rmp-Protein A column eluate from each cycl € was collected and

the pH immediately adjusted to 3.70 + 0.10 with 2.0 M acetic acid. The eluate was held at this

pH for a minimum of 30 minutes and a maximum of 45 minutes. The pH of the eluate was then

‘readjusted to pH 7.50 = 0.20 using 2.0 M Tris hydrochloride pH 9.0 buffer.

Concentration and Diafiltration

[00494] The in-process product was concentrated using a dedicated ultr-afiltration unit.

Purification by Q Sepharose Anion Ton-Exchange Chromatography
[00495] The Q Sepharose anion ion-exchange chromatography step was a multicycle

process.

Virus reduction filtration

[00496] The in-process product was filtered through a Pall Ultipleat AB virus reduction
cartridge filter.

Concentration and diafiltration

[00497] In preparation for SP Sepharose chromatography, the in-process product was
concentrated and subsequently diafiltered into 25 mM Sodium Acetate pH 5.0 buffer containing
25 mM Sodium Chloride.
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Purification by SP Sepharose Cation Ion-Exchange Chromatography
[00498] The SP Sepharose cation ion-exchange chromatography step was a multicycle

process. The SP Sepharose resin was used for the production of one product batch and was then
discarded. ,
[00499] The SP Sepharose cation exchange load was divided into appropriately sized
aliquots for each cycle. Each aliquot was processed as follows: The chromatography column
was equilibrated using 25 mM Sodium Acetate pH 5.0 buffer containing 25 mM Sodium
Chloride. An aliquot was loaded directly onto the column. Unbound impurities were washed
through the column using equilibration buffer. Bound antibody was eluted from the column
using 25 mM Sodium Acetate pH 5.0 buffer containing 115 mM Sodium Chloride. The columm
was regenerated between cycles using 25 mM Sodium Acetate pH 5.0 buffer containing 2 M
Sodium Chloride. The eluate from each cycle was analyzed by SDS PAGE. Cycles showing

similar purities by visual comparison of SDS PAGE gels were pooled.

Final Concentration Adjustment and Diafiltration

[00500] The in-pro‘cess product was concentrated and diafiltered into final formulation
buffer (50mM Sodium Phosphate pH 5.5 buffer containing 100 mM Sodium Chloride and 2 mMC
EDTA). The final filtration can also include a filtration using a 0.45 micron filter prior to sterile
filtration. |

0.2 um Final Filtration and Dispensing
[00501] The purified product was 0.2 pm filtered and aseptically dispensed into

autoclaved polypropylene containers.

Example 17: Determining the ratio of DM1:deJ591
[00502] The DM1/deJ591ratio was determined by measuring the total DM1 molar
concentration spectrophotometrically and dividing by the molar deJ591-DM1 concentration [C]

calculated as described above. The molar concentration of DM1 was based on the absorbance at
252 nm and was corrected for the contribution of deJ591 antibody to the OD;s; using a value of
0.378 for the ratio of the deJ591 antibody molar extinction coefficient at 252 nm to that at 280

nm. The DM1 concentration was calculated from the absorbance at 252 nm and 280 nm
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according to the equation below using the corrected ODas; and the molar extinction coefficient

for DM1 [£25=26,790 M'].

( Em@as2 Cpu = Molar concentration of DM1
Apsy —| Aygo * - €.  molar extinction coefficient of antibody
C. = \ @280 epy;  molar extinction coefficient of DM1
byt~ e A absorbance
Epmngzs2 —| Epmiaase * a@2%2 || C, = Molar concentration of deJ591-DM1 protein
L @0 Numbers denote wavelength
DM1 . Cowm
ratio =
, ab ch
[00503] The specification for DM1/deJ591 ratio was 3.0 — 4.0. The average value over

the 4 non-GMP and 2 GMP batches was 3.55. Our manufacturing history and process
development experiments have indicated that 3.5 is an optimal target ratio. The specification has

been set based on a 3.5 standard deviation window around this target ratio.

Example 18: Use of the mAbs for targeted delivery of cytotoxic drugs to prostate cancer cells
[00504] Anti-PSMA antibodies can be conjugated to substances with high cytotoxic

potential, such as drugs of the maytansinoid class. Maytansinoids exert their cytotoxic effects by
interfering with the formation and stabilization of microtubules. They have 100~ to 1000-fold
greater cytotoxic potential than conventional chemotherapeutic agents (such as doxorubicin,
methotrexate, and Vinca alkaloids) (Chari, R.V.J. et al. (1992) Cancer Res. 52: 127).

[00505] Both murine and deimmunized J591 antibodies have been conjugated to the
maytansinoid, DM1, via a hindered disulfide bond. This bond is cleaved intracellularly allowing
release of the drug. One or more lysine residues in the constant regions of the antibodies were
conjugated to a linker containing a pyridyldithio group, which was, in turn, coupled to a
maytansinoid toxin. A ratio of 3 to 4 moles of maytansinoid per mole of IgG is preferred.
[00506] The process for the DM 1-linked J591 antibodies starts by reacting J591 with a
linker that contains both a pyridyldithio group and a N-hydroxysuccinimide leaving group. In
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this case, the linker was N-succinimidyl 4-(2-pyridyldithio)propionate (or SPP), although other
linkers can be used. The products of the reaction include modified J591 antibodies that contain
one or more linker groups (4-(2-pyridyldithio)propionone) attached to surface exposed lysine
groups, with the linker groups retaining the pyridyldithio reactive groups, and N-
hydroxysuccinimide leaving groups. The J591 antibodies are then separated from the reaction
mixture and N-hydroxysuccinimide by gel filtration, e.g., using sephadex G25. The modified
J591 antibodies are reacted with DM1, which contains a thiol group that reacts with the
pyridyldithio groups now present on the surface of the modified antibody, thereby producing
J591-DM1 immunoconjugates and thiopyridine. The J591-DM1 immunoconjugate is isolated
from the reaction mixture and thiopyridine by size exclusion chromatography, e.g., using a
sephacryl S300 column. Methods for preparing maytansinoid conjugates are described in US
Patent Nos. 5,208,020; 5,475,092; 5,585,499, 5,846,545; and 6,333,410, the contents of which
are incorporated by reference. '

[00507) A study evaluating the efficacy, toxicity, and antigen selectivity of the murine

J591-DM1 immunoconjugate in the treatment of prostate cancer cells iz vivo is described below.

" Experiment 1: Establish Efficacy, Toxicity, and Dose-Response Curves In-Vivo
[00508] Tumor xenografts of LNCaP cells were established in the right flank of BALB/c

mice (5 x 10° cells injected subcutaneously). Animals were observed until tumors were visible
(7 - 10 mm). Animals were then treated with PBS, unconjugated mAb J591, unconjugated DM1,
both mAb J591 and DM1 but unconjugated, and J591-DM1 immunoconjugate (100, 200, 300,
and 400 mcg/day intraperitoneal qday x 5 days). The mAb J591 was modified to introduce
dithiopyridyl groups and then conjugated to DM1 via a hindered disulfide bond, as described

above. Unconjugated mAb J591 and DM1 were given in equimolar concentrations.

Experiment 2: Selectivity for PSMA-positive tumors

[00509] Tumor xenografts of both LNCaP cells (5 x 10° cells injected subcutaneously in
the right flank) and PC3 cells (3 x 10° cells injected subcutaneously in the left flank) were
established in BALB/c mice. Animals were observed until LNCaP tumors were visible (PC3

tumors were present but much smaller). Animals treated with J591-DM1 immunoconjugate:

300 mcg/day intraperitoneal qday x 5 days
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Experiment 3: Determine optimal dosing schedule for the immunoconjugate
[00510] Tumor xenografts of LNCaP cells were established subcutaneously in the right

flank of BALB/c mice. When tumors were visible, animals were treated with PBS, unconjugated
mAb J591, J591-DM1 immunoconjugate (300 mcg/day intravenously Qday X 5 days; one course
given), J591-DM1 immunoconjugate (400 mcg/day intravenously every other day for 5 doses in
10 days; one course given), and J591-DM1 immunoconjugate (300 mcg/day intravenously qday
x 5 days; two courses given for a total of 10 doses). For animals receiving 2 courses of J591-
DM immunoconjugate, the second 5-day course was given at tumor volume nadir (typically
seen on days 21 - 24 after completion of the first course).

[00511] All animals were photographed pre- and post-treatment and tagged for
identification. Tumor volume was determined (length x width x depth) and closely followed.

Animal weight was followed as a measure of toxicity.

Results: Experiment 1:
[00512] All mice treated with unconjugated DM (either alone or with unconjugated mAb

J591) died within 48 hours of treatment completion. Immunoconjugate at doses of 400 mcg/day
was lethal to 50% of the mice. With doses of 300 mcg/day, significant reductions in tumor
volume were noted with several complete responses and minimal toxicity. These complete
responses were not durable, however, with subsequent increases in tumor size noted 2 - 20 days

after tumor volume nadir.

Results: Experiment 2:
[00513] In mice with both LNCaP and PC3 tumors, LNCaP tumor volume decreased

substantially after treatment with the J591-DM1 immunoconjugate. Although complete
responses were not achieved in these animals, tumor volume nadirs averaged 0.08 cm®. PC3
tumor growth was not affected by the J591-DM1 immunoconjugate as noted by a steady increase
in PC3 tumor volume after treatment.
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Experiment 3:

[00514] Although route of administration was different (intravenous vs. intraperitoneal),

treatment with one course of J591-DM1 immunoconjugate paralleled the results obtained from
Experiment 1. Complete responses were achieved (at days 21 - 24) but these results were not
durable. In animals treated with every other day dosing of 400 mcg, toxicity was demonstrated
(weight loss > 10 % of total body weight) but all animals eventually survived. Tumor volume
decreased in all animals but complete responses were not achieved. All animals treated with 2

courses of J591-DM1 immunoconjugate have achieved complete responses lasting at least

through day 66.

Conclusions:

[00515] Murine J591 anti-PSMA antibody can be conjugated effectively to drugs of the
maytansinoid class (such as DM1). These J591-DM1 immunoconjugates provide highly
selective, antigen-specific targeted delivery of this cytotoxic drug to PSMA-positive prostate
cancer cells in-vivo. The greatest reduction in tumor volume with minimal toxicity was noted at
a dose of 300 mcg/day. The optimal dosing schedule appears to be two 5-day courses of J591-

DM1 immunoconjugate with the second course given at tumor volume nadir (day 21 - 24).

Example 19 — Pharmacodynamics and Efficacy of the deJ591-DM1 immunoconjugate

[00516] In parallel to the experiments described in Example 16, additional experiments
were performed with the deJ591-DM1 immunoconjugate. The experiments and results obtained

therefrom are described below.

In vitro pharmacodynamics of deJ591-DM1 and DM1:
[00517] Experiment: LNCaP cells were plated into 96 well plates at an initial density of

1000 cells per well for a proliferation assay. deJ591-DM1 or DM1 was added to the wells over a
range of concentrations (0.01 nM to 100 nM) and left in contact with the cells for defined periods
of time (0.5, 2, 8, 24, 72 and 144 hours). At the end of that period the drug containing media was
removed and replaced with drug free media until a total of 144 hours elapsed from the start of the

experiment. The resulting effect of drug exposure on proliferation was then determined.
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[06518] Results: The pharmacodynamic analysis using the methodology developed by
Kalns et al. (1995), Cancer Research 55:5315-5322, the contents of which are incorporated
herein by reference, indicates that when considering the relative importance to observed effect
from the variables (1) time of exposure and (2) concentration, that exposure time is more

important for deJ591-DM1 compared to DM1.

Serum levels of DEJ591-DM1 in mice after a single IV dose
[00519] Experiment: Mice were administered an intravenous 14.5 mg/kg dose of deJ591-

DM1 and sera samples collected for analysis of the test article using an ELISA assay for human
antibody. Samples were collected from groups of 3 mice at 6, 24, 48, 72 and 168 hours. Data
were fit to a bi-exponential equation to determine pharmacokinetic parameters. These
parameters were used to simulate serum levels after multiple dosing.

[00520] Results: Analysis of the pharmacokinetic data indicated a serum half life of
deJ591-DM1 in mice as measured in the ELISA assay, to be 130 hours.

del591-DM1 Serum Levels in C.B-17 Scid Mice With or Without the PSMA-positive CWR22

Xenograft Tumor

[00521] Experiment: Non-tumor-bearing mice were dosed intravenously (IV) via the tail
vein with a dosage of 14.56 mg/kg deJ591-DM1 (Lot No. 1552-39, equal to 240 pg/kg DM1-
equivalents) and the tumor-bearing mice were dosed with 12.93 mg/kg deJ591-DM1 (Lot No.
1552-60S, equal to 240 ug/kg DM1-equivalents). Blood samples were collected at 6, 24, 48, 72,
and 168 hours post dosing for the non-tumor-bearing mice and at 6, 24, 72, 168, 336, and 504
hours post dosing for the CWR22 xenograft-bearing mice. Serum was analyzed quantitatively

' for the presence of human immunoglobulin G (IgG) using an enzyme linked immunosorbent
assay (ELISA) for human IgG. This assay measures only human IgG and provides no
information regarding the amount of DM1 present either conjugated to the antibody or released
unconjugated into the serum. The data for serum concentrations of IgG were fit to a standard bi-
exponential equation using nonlinear regression to provide an estimate of the terminal half-life
for the circulating human IgG.

[00522] Results: In the non-tumor-bearing mice, higher serum concentrations for human

IgG were observed and the terminal half-life in serum was estimated to be approximately 5 days
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(120 hours). In these mice, the maximal concentration of 170 ug/mL IgG (2,800 ng/mL DM1-
equivalents if all IgG was deJ591-DM1) was measured at the first sample point of 6 hours post
dosing, decreasing to 77 pg/mL from the sample at 24 hours post dosing. In the CWR22 tumor-
bearing mice, the maximum IgG concentration was 74 pg/mL (1,373 ng/mL DM1-equivalents if
all IgG was deJ591-DM1), at the first sample point of 6 hours, decreasing to 36 pg/mL from the

~ sample at 24 hours postdosing. The estimated terminal half-life (240 pg/mL DM1-equivalents)
for the IgG in serum of tumor-bearing mice was approximately 8.4 days (202 hours). Thus,
single administration of deJ591-DM1 in tumor-bearing mice produced serum concentrations
(1,373 ng/mL. DM1-equivalents) likely in excess of those required to inhibit PSMA-positive cells
in tissue culture (for example, IC50 on PSMA-positive LNCaP cells = 210 ng/mL deJ591-DM1
With 6-day exposure in tissue culture.

[00523] In a subsequent pharmacokinetic study of deJ591-DM1 in immunocompetent,
nontumor-bearing, male CD-1 mice, the maximal concentration of the analyte deJ591-DM!1 after
a single IV administration of 10 mg/kg was 196 ug/mL (3,528 ng/mL DM1-equivalents,
assuming 3.7 DM1/J591). A terminal elimination half-life (t/2) of approximately 21 hours was
determined for the analyte deJ591-DM1, with a considerably (2-fold) longer t1/2 of 46 hours for
total deJ591 (representing intact deJ591-DM1 and deconjugated deJ591). As one theory, not
meant to be limiting, the differences in apparent half-lives (120 hours for human IgG in
nontumor-bearing SCID mice versus 46 hours for total deJ591 in CD-1 mice), may be related to
differences in the strain (immunocompetency) of the mice and/or to differences in the assays

used to quantitate antibody levels.

Effect of dose interval on efficacy against CWR22 prostate xenografts
[00524] Experiment: Male SCID mice were implanted by serial passage of CWR22

prostate tumor xenograft. When these tumors reached 200 — 250 mm?® size (estimated from
external caliper measurement), mice were randomized into treatment groups of 8 to receive
vehicle only (every 7 days) or deJ591-DM1 at a dose of 14.5 mg/kg antibody conjugate
(equivalent to 240 ug/kg DM1) given on one of the following schedules (every 7, 14, 21, or 28
days). All treatments were given intravenously. Tumor growth and animal health were

continually monitored throughout the study with tumor growth measured every 3 days.
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[00525] Results: Differences in the scheduie of administration have distinct effects on the
observed tumor growth for the CWR22 xenograft in SCID mice. The tumor growth can be
characterized as slowed growth for the schedule of 21 or 28 day dosing interval until they
reached the maximum size permitted under our IACUC regulations. For the 7 and 14 day dosing
interval schedule, there is an apparent block in tumor growth with a resumption of normal
growth kinetics approximately 30 days after the last dose. The results when considered with the
pharmacokinetic simulation suggest a relationship between duration of exposure and maintaining

a minimum effective concentration.

deJ591-DM1 Efficacy in PSMA -positive CWR22 Xenografts: Dosage arid Schedule:
Comparison I

[00526] Experiment: Male C.B-17 SCID mice bearing CWR22 xenografts approximately
200 mm?® in size received IV injections (200 L constant volume) of the test articles according to
the dose and schedule as shown in Table 22.

Table 22. Dosage, Schedule and Response of Scid Mice Bearing CWR22 Xenografts:
Comparison 1

DM1-equivalents Tumor Growth Delay®
Test Article Dosage (pg/ke) Schedule (Days)
Vehicle 0 0 qdX5 0
Maytansine 240 ng/kg 240 qdXs 17.7
deJ591-DM1 7.28 mg/kg 120 . qdXs 19.6
deJ591-DM1 14.56 mg/kg ' 240 qdX5 26.9
deJ591-DM1 7.28 mg/kg 120 q3dxs - 27.1
deJ591-DM1 14.56 mg/kg 240 q3dX5 36.7

a: Tumor growth delay is the difference in time (days) for the treatment group to reach 1000 mm® compared
with the vehicle-treated group, calculated from the mean values.

[00527] Results: deJ591-DM1 exhibited a substantial tumor growth inhibitory effect (see
tabulated tumor growth delay), but was non-curative for the CWR22 xenograft at the doses and
schedules tested. Tumor growth inhibition curves for maytansine and deJ591-DM1 are shown in

Figs. 16A and 16B. ‘
[00528] Immunohistochemical analysis of tumors posttreatment showed equivalent PSMA

expression compared to vehicle-treated controls.
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In conclusion, deJ591-DM1 pfoduced a dosage- and schedule-dependent inhibition of CWR22
prostate cancer xenograft growth that was greater than equimolar dosages of maytansine alone.

The associated toxicity was less for all dosages of deJ591-DM relative to maytansine alone.

deJ591-DM1 Efficacy in PSMA-positive CWR22 Xenografts and Effect on Serum PSA Levels:
Dosage and Schedule: Comparison IT

[00529] Experiment: The PSA-secreting, PSMA-positive CWR22 xenograft was used to
study the following: (i) the relative effect of the deJ591-DM1 constituent elements (deJ591 and
DM1) on the CWR22 xenograft growth, (ii) the influence of dosing interval on efficacy of
deJ591-DM]1, (iii) the dosage-response relationship of deJ591-DM1 on a q3dXS5 schedule, (iv)
the CWR22 tumor response to a second course of deJ591-DM1 treatment, and (v) the
relationship between tumor response to deJ591-DM1 and serum PSA levels. Male C.B-17 scid
mice bearing CWR22 xenografts approximately 200 mm?® in size received IV injections (200 uL
constant volume) of the test articles according to the dose and schedule shbwn in the Table 23.

Table 23: Dosage, Schedule and Response of Scid Mice Bearing CWR22 Xenografts:
Comparison II

DM1-equivalents Tumor Growth Delay®

Test Article Dosage (pg/kg) Schedule {Days)

Vehicle 0 0 q3dXxs 0

DM1 240 pg/kg 240 q3dx5 9.5

deJ591 12.96 mg/kg 0 q3dXs 1.9
deJ591-DM1 4.8 mg/kg 90 q3dX5 31.9
deJ591-DM1 6.5 mg/kg 120 . gq3dXs5 37.8
deJ591-DM1 9.7 mg/kg 180 q3dX5 427
deJ591-DM1 12.93 mg/kg 240 q3dXs 46.4
deJ591-DM1 6.5 mg/kg 120 q7dXs 33.9
deJ591-DM1 12.93 mg/kg 240 q7dXs 66.8

a: Tumor growth delay is the difference in time (days) for the treatment group to reach 1000 mm’
compared with the vehicle-treated group, calculated from the mean values.

[00530] Results: After the tumor growth delay (TGD) conferred by the initial course of
deJ591-DM1 treatment at the highest dosage (12.93 mg/kg or 240 pg/kg DM1-equivalents) for
either the q3dX5 or q7dX5 schedule, groups were allowed to attain mean tumor volumes of
approximately 1000 mm°. A second course of treatment was then initiated. Both treatment
groups responded to the second course of treatment, although the duration of the second TGD
response was approximately 75 to 80% of the TGD response seen after the initial treatment.

deJ591-DM1 produced potent regressions in large tumors, ranging in size from 500 to 2000 mm?
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in.both of these treatment groups, demonstrating the efficacy of deJ591-DM1 against bulky as
well as smaller CWR22 prostate cancer xenografts. Finally, serum concentrations of PSA in
deJ591-DM1 treated and control groups were directly correlated with tumor volume and
response to deJ591-DM1 (see Figure 17).

[00531] In conclusion, deJ591-DM1 produced greater tumor growth delay, as compared to
its constituents (deJ591 and DM1) at equimolar dosages, in a dosage- and schedule-dependent
manner. Additionally, the CWR22 xenograft tumor responded to a second course of deJ591-
DML1 after outgrowth following response to the initial course. Tumor growth and response to

deJ591-DM1 was directly correlated with serum PSA concentration.

deJ591-DM1 Efficacy in PSMA-positive CWR 22 Xenografts: Dosing Interval Comparison of 7,
14, 21, and 28 Days

[00532] Previous studies of deJ591-DM1 efficacy in the CWR22 xenograft model using
C.B-17 scid mice had found an increased TGD with increased dosing interval at the maximum
dosage given (240 pg/kg DM1-equivalents). The objective of this study was to determine how
much the dosing interval could be increased at this dosage before a loss of efficacy in terms of
TGD would be observed. Dosing intervals of 7, 14, 21, and 28 days at a dosage of 12.93 mg/kg
deJ591-DM1 (representing 240 pg/kg DM1-equivalents) were tested for five cycles. Asis
shown in Figure 18, the schedule of q14d was found to be optimal in this model, yielding a TGD
for the CWR22 xenograft of 75.7 days. The growth delays for the other schedules were: q7d,
53.0 days; q21d, 48.0 days; and q28d, 26.9 days. Similar to other studies using the CWR22
xenograft model, no curative responses were observed, with all tumors eventually resuming
growth (Figure 18). The schedule using a 14-day interval at this dosage (240 ug/kg DM1-
equivalents) may be optimal for CWR22 xenograft TGD and suggests tumor burden can be

controlled in this model with continued treatment.

deJ591-DM1 Efficacy in Castrate or Intact Scid Mice Bearing the Androgen-Independent
PSMA-positive 22RV1 Xenograft

[00533] Prostate tumors can be broadly classified as either androgen-dependent or
androgen-independent. PSMA expression has been suggested to be inversely influenced by

androgens. The objective of this study was to evaluate deJ591-DM1 in a model of prostate
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tumor growth where androgeri levels have been reduced. The 22RV1 cell line was originally
developed as androgen-independent and can be growh as a xenograft in C.B-17 scid mice that
have been left either intact or castrated. In mice castrated 10 days prior to inoculation with the
22RV1 cells, the tumors reached 1000 mm® in 19.6 days. This was approximately twice the time
required for the tumors of intact mice to reach 1000 mm® (9.3 days). C.B-17 scid mice bearing
CWR22 xenografts approximately 200 mm? in size received IV injections (200 uL constant
volume) of the test articles according to the dosage and schedule shown in the Table 24.

Table 24 Dosage, Schedule, and Response of Castrate or Androgen-Intact Scid Mice
Bearing PSMA-positive 22RV1 Xenografts

Tumor
Growth
DM1-equivalents Delay® Relative
Test Article Dosage (pg/kg) Schedule (Days) TGD"
Intact Mice
Vehicle 0 0 q3dX5 0 NA®
DM1 240 pg/kg 240 q3dX5 63 NA
MLN2704 12.93 mg/kg 240 q3dXs5 13.1 NA
MLN2704 12.93 mg/kg 240 q7dX5 7.8 NA
Castrate Mice
Vehicle 0 0 q3dxs 0 NA
DM1 240 pg/kg 240 q3dX5 9.1 14
MILN2704 12.93 mg/kg 240 q3dX5 26.3 2.0
MLN2704 12.93 mg/kg 240 q7dX5 21.4 27

a: Tumor growth delay is the difference in time (days) for the treatment group to reach 1000 mm’
compared with the vehicle-treated group, calculated from the mean values.

b: Relative TGD = TGD of castrate mice/TGD of intact mice.

c: Not applicable.

[00534] Results: For the tumor model with the androgen-intact mice, deJ591-DM1
produced a better TGD on the q3d schedule when compared to DM1 given at equivalent dose
and schedule. The response to deJ591-DM1 given on a q7d schedule in the intact mice was not
greatly different from that for mice treated with DM1 alone. In the androgen-depleted model,
deJ591-DM1 showed a benefit at both schedules in terms of TGD, as compared to DM1 given at
the equivalent dosage in the q3d schedule. Additionally, the TGD values indicate there may be a
greater advantage of deJ591-DM1 in the castrate versus the androgen-intact group, independent
of the growth kinetics. The effect of the respective treatments on the change in growth delay for
castrate mice relative to androgen-intact mice for DM1 q3dx5 was 1.4-fold, for deJ591-DM1
given q7dx5 it waé 2.7-fold, and for deJ591-DM1 given q3dx5 there was a 2-fold increase in
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relative growth delay. Thus, del 591-DM1 provides a therapeutic advantage in this model of
tumor growth where androgen levels have been reduced.
[00535] In conclusion, in a model of androgen depletion, deJ591-DM1 was demonstrated

to produce an efficacious response to inhibit andro gen-independent prostate tumor growth.

Efficacy of deJ591-DM1 compared to the unconjugated antibody (deJ591) or the unconjugated
tumor inhibitory agent (DM1)

[00536] Experiment: Male SCID mice were implanted by serial passage of CWR22
prostate tumor xenograft. When these tumors reached 200 —250 mm® size (estimated from
external caliper measurement), mice were randomized into treatment groups of 8 to receive
vehicle only, deJ591-DM1 at a dose of 14.5 mg/kg antibody conjugate (equivalent to 240 ug/kg
DM]1), deJ591 at the same dose as deJ591-DMI, or DM1 given at a dose of 240 ug/kg. All
treatments were given intravenously and on a schedule of every three days for 5 doses. Tumor
growth and animal health were continually monitored throughout the study with tumor growth
measured every 3 days. |
[00537] Results: The unconjugated anti-PSMA antibody (deJ591) had no significant effect
on reduction in the rate or extent of CWR22 xenograft tumor growth. DM1 administered as free
drug produced some tumor growth delay, but was a minor response compared to the deJ591-
DM1 administered on the same schedule with the same molar equivalent of the active DM1. The
deJ591-DM1 produced a suppression of tumor growth for approximately 20 days following the

last administered dose.

Efficacy of DEJ591-DMI at different doses '
[00538] Experiment: Male SCID mice were implanted by serial passage of CWR22

prostate tumor xenograft. When these tumors reached 200 — 250 mm” size (estimated from
external caliper measurement), mice were randomized into treatment groups of 8 to receive
vehicle only, deJ591-DM1 at a dose of 14.5 mg/kg antibody conjugate (equivalent to 240 ug/kg
DM1), or a lower dose of 7.25 mg/kg. All treatments were given intravenously and on a
schedule of every seven days for 5 doses. Tumor growth and animal health were continually

monitored throughout the study with tumor growth measured every 3 days.
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[00539] Results: A dose response relationship is evident for the CWR22 xenograft tumor
growth inhibition by deJ591-DMI1. This is shown on a 7 day dosing interval study for 2 different
doses of deJ591-DMI1. At the higher dose, there is suppression of tumor growth with some
reduction from the initial tumor volume. At the lower dose there is not the same reduction from
initial tumor volume and there is a more rapid return to normal growth kinetics of approximately

10 days following the last dose administered compared to the higher dose.

Example 20 — Bone marrow involvement in advanced prostate cancer patients demonstrated on

bone marrow biopsy

[00540] Bone marrow involvement in advanced prostate cancer is not routinely examined.
We report on the results of bone marrow biopsies performed on advanced, hormone-refractory
prostate cancer patients.

[00541] Screening diagnostic studies were performed on hormone-refractory prostate
cancer patients to determine eligibility for two phase I radioimmunotherapy clinical trials.
Studies included serologic testing, bone scan, CT scans of the head, chest, abdomen and pelvis,
and a bone marrow biopsy taken from the iliac crest. A total of Thirty-nine patients have been
screened thus far.

[00542] All patients had advanced disease as determined by bony or soft tissue metastases
on imaging and/or three consecutive rises in serum PSA levels. All patients had received prior
hormonal therapy, and the majority had received local therapy, including radical prostatectomy
(N=15), radiotherapy (N=19), and/or chemotherapy (N=19). Sixteen patients (41%) had
histologic evidence of metastatic prostate cancer on bone marrow biopsy. Of the thirty-nine

- screened patients, thirteen (33%) had significant bone marrow involvenient (>10% involvement),
making them ineligible for entry into these clinical trials.

[00543] Patients with bone marrow involvement had significantly higher serum alkaline
phosphatase (ALP) levels (median 374 U/L vs. 96 U/L, p<0.001) and significantly lower serum
hemoglobin (median 11.6 g/dL vs. 12.7 g/dL, p=0.02). There was no difference in serum
hemoglobin between patients with prior chemotherapy and/or prior radiotherapy. When the ALP
was normal (<120 U/L) or elevated (>120 U/L,) 0% and 75% of patients, respectively, had
metastatic prostate cancer on bone marrow biopsy (p<0.0001). Patients with bone scans

indicating bony metastases in three or more different anatomic sites (spine, thorax, pelvis,
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appendicular or calvarium) vs. two or less sites, were more likely to have bone marrow
involvement (54% vs. 9%, p=0.01). Age, initial Gleason sum, serum PSA, PSA doubling time,
the presence of soft-tissue metastases, prior local treatment or chemotherapy, or other
hematologic parameters (WBC, platelet count) were not significantly different between the two
groups. '

[00544] Bone marrow involvement in advanced prostate cancer patients is not routinely
examined, but is present in a large minority of cases. Current clinical staging studies may
significantly underestimate bone marrow involvement, although elevation of alkaline
phosphatase or depressed serum hemoglobin may be correlative. This situation should be

considered in clinical trials carrying potential hematologic toxicity.

Example 21: A Novel Sandwich Enzyme-Linked Immunoassay (ELISA) for Quantification of
Prostate-Specific Membrane Antigen

[00545] Ideally, serum PSMA should be detectable with a simple, rapid, reproducible and
quantitative ELISA assay. Our objective was to establish an ELISA assay to measure serum
PSMA. '

[00546] Ninety-six well plates were coated with an anti-PSMA antibody as a ‘““capture”
antibody. Dilutions of serum from males and females “spiked” with recombinant PSMA
(tPSMA), semen, LNCaP lysates, as well as the standard (rPSMA range 1.6-1600 ng/ml) were
then added to these wells. A non-competing biotinylated anti-PSMA antibody (that recognizes a
different epitope on PSMA) was then added as the “detection” antibody. Avidin pho sphatase
followed by p-nitrophenyl phosphate (substrate) was added. Optical densities were then
measured. '

[00547] The standard curve for the assay was linear through a range of 5-1600 ng/ml
(correlation coefficient > .99). Using this assay, PSMA was detected in LNCaP lysate, semen,

and “spiked” serum.

Example 22: de]591-DM1 Reference Standard
[00548] Table 25 lists the analytical values for a reference batch of deJ591-DM1.
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Table 25: deJ591 Reference Standards
Batch Number
1552-60S N067020302
Test Result Result
Appearance Clear, colorless solution, Clear, colorless; white
particle free particulates
pH 5.6 5.5
MLN2704 Concentration by UV 2.5 mg/mL 4.7 mg/mL
[mg/mL] |
DM1/MLN591 ratio 3.7 3.5
DM!1 determined by UV
Potency: in vitro cytotoxicity Referemce 94%
towards PSMA-positive cells
[% of reference]
Size exclusion chromatography
% Monomer 97% 98%
Molecular Integrity Referemice Banding pattern conforms to
Reduced SDS-PAGE reference
% H+L 92% 96%
Molecular Integrity Referenice Banding pattern conforms to
Non-reduced SDS-PAGE reference;
Isoelectric focusing Referenice Banding pattern conforms to
reference
Acetone extractable DM1 3% 2%
[% of total DM1]
Endotoxin [EU/mg] <0.09 EU/mg <0.04 EU/mg
Bioburden [CFU/mL] <1 CFU/mL <1 CFU/mL
DM1- related impurities [RP-
HPLC] 173 uM [2.1% of total ~ 3.07 pM [2.8% of total
DM 1-thiopentanoic acid DM1] DM1]
DM1 dimer Not detected 0.43 pM [0.39% of total
DM1 Not detected DM1]
0.98 uM [0.88% of total
DM1]
Molecular Weight [MALDI] 150,237 150,409
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ECs binding to LNCaP [FACS] 7.9nM 6.9 nM
Relative binding [% of reference] Reference 114%
Size exclusion chromatography

% Aggregate + Dimer 2.8% 2.5%
Binding constant for bindingto ~ 5x10° M 7x10° M!
recombinant PSMA [BiaCore]

Molecular Integrity

Non-reduced SDS-PAGE

% IgG {140-160 kDa bands] 89% 92%
Unconjugated antibody [TEF] <2% <2%
Unconjugated antibody 1.0% 1.2%
[depletion ELISA]

Non-specific in vitro cytotoxicity
towards PSMA-negative cells

ICso [nM]  13.6nM 17.1 1M

In vivo activity -mouse xenograft Delays tumor growth Not yet tested
model

Example 23: Quantifying DOTA-NHS in solution
[00549] Due to the unstable nature of DOTA-NHS in solution, the quality (e.g.,

concentration) of the DOTA-NHS starting material must be controlled in order to obtain
consistent DM1/deJ591 conjugation ratios. Thus, a method for indirectly quantifying DOTA-
NHS is provided. ’

[00550] The DOTA-NHS hydrolysis reaction is a first order reaction because H,O is in
large excess. At time 0, the DOTA-NHS concentration is Cy. At time t, the DOTA-NHS

concentration is C;. From the first order reaction:

_ic_]=k[c]; _i[_c_lzkdt; - l:i[EI: I'kdt
dt [C] [C]

In[Co'] - In[C/'] = kt

[00551] Since the conversion ratio between DOTA-NHS and DOTA is 1:1, empirircally

determined DOTA concentration can be used to to replace [Co'] and [Ct']. Cruax 18 the
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concentration of DOTA after the hydrolysis reaction is complete. Co is the concentration of

DOTA at time 0. C;is the concentration of DOTA at time t.

C0'= Cmax— CO; Ct"-: Cmax“' Ct;
In[C max— C¢] = —kt + In[C max— Co] ()]
[00552] Comax and C; are determined through a time course experiment, and In[Cax-Ct] is

plotted to give a linear line. The intercept of Y is In[Cinax-Co]» thus the concentration [Co] (UM)
of DOTA-NHS can be obtained by linear regression. The conncentration unit can be converted to
ng/ml by multiplying [Co] (LM) by 501 g/mol.

[00553] Methods:

[00554] Chemicals. Trifluoroacetic acid (TFA), water and methanol were obtained from
J.T.Baker (Phillipsburg, NJ 08865). DOTA was from Strem Chemicals (Newburyport, MA
01950). N-hydroxysuccinimide (NHS) was purchased from Pierce (Rockford, Illinois 61105).
DOTA-NHS.PF6 was obtained from Macrocyclics ( Dallas, TX 75252). Sinapic acid for use as
a MALDI matrix for DOTA-deJ591 determination was purchased from Fluka (Milwaukee, WI
53201). Ethylenediaminetetraacetic Acid (EDTA) was from Sigma (St. Louis, MO 631781). ICP
grade nitric acid was purchased from sigma. Distilled water wras passed thru a Milli-Q Element
A10 System (Millipore). A standard mix of 1 mg/mL iron, nickel, cobalt, copper, zinc,
lanthanum, cerium, and lead was custom made 'by Inorganic V entures (Lakewood, NJ 08701).
[00555] Liquid Chromatography. A binary high-pressure mixing pump (1100 series,
Agilent, Palo Alto, CA 94303) was used to perform chromatographic separation. The pump was
operated at 0.5 ml/min during sample analysis. A Luna CN 30x4.6 mm 3pm (Phenomenex,
Torrance, CA 90501) was used as the separation column. Mobile phase A was 0.1% TFA in
water, and mobile phase B was 0.1% TFA in 90% MeOH. The LC run was performed at
isocratic of 10% of mobile phase B, 90% of mobile phase A for 2.5 minutes. A Gilson 235
autosampler (Gilson, Middleton, WI 53562) was used in this wrork with an injection volume of
10 pL. Before and after each injection, the inside probe, outsicdle probe and injection valve were
flushed with 500 pL of water.

[00556] Mass Spectrometer. A triple quadrupole mass spectrometer (API 3000, Sciex,
ON, Canada L4K 4V8) with turbo ion spray ionization source was used as the detector. The

positive ion mode was used for DOTA and DOTA-NHS detection. The negative ion mode was
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used for NHS detection. The electrospray voltage was maintained at 5000V for positive ion
mode and -4500V for negative ion mode. The mass spectrometer was operated in multiple
reaction monitoring (MRM) with unit mass resolution for both mass analyzers. The following
transitions were monitored: DOTA, m/z 405.4>>203.3; DOTA-NHS _ m/z 502>>203.2; NHS m/z
114>>71. A dwell time of 500ms was used for all studies. Nitrogen was used as nebulizer
(setting 8), curtain (setting 8) and collision (setting 4) gas, and was obtained from a nifrogen
dewar ( 235psi, BOC Gases, Murray Hill, NJ 07974) with the gas reggulator maintained at 90 psi
for nebulizer gas (gas 1) and turbo gas (gas 2), with another regulator- maintained at 50 psi for
curtain gas. The turbo ion spray LC/MS interface was maintained at 450°C with a nitrogen gas
flow of 6.5 L/min.

[00557] Standards and QC Solutions. Two separate weighings of DOTA were done
accurately to the second decimal point of mg level (around 2mg); one was used for standard
calibration curve preparation, and the other was used for quality contol (QC) solution
preparation. Both samples were dissolved in 1 ml of water to be used as stock solutions. The
calculated amount of stock solution was added into 10 ml of water to obtain a high standard and
high QC at 8000 ng/ml. A series of volumetric dilutions of 8000 ng/iml with water was
performed to obtain concentrations of 4000 ng/ml, 2000 ng/ml, 1000 ng/ml, 500 ng/ml,

250 ng/ml, 125 ng/ml, 50 ng/ml, 25 ng/ml and 10ng/ml. All the conc entrations were used for the
standard curve. Only the 10ng/ml, 25ng/ml, 1000ng/ml and 8000ng/xnl solutions were used for
QC. Saturated EDTA (acid form) solution was prepared in water, ancl equal volumes (100pL) of
saturated EDTA solution and each concentration level of standard sol-utions and QC solutions
were mixed thoroughly in each well of a 96-well plate. The calibration solutions thus ranged
from 5 ng/ml to 4000 ng/ml with standards of 5, 12.5, 25, 62.5, 125, 250, 500, 1000, 2000 and
4000 ng/ml. The QCs were at the concentration levels of 5, 12.5, 500 and 4000 ng/ml.

[00558] Time Course Experiment for the Hydrolysis of DOTA -NHS. About 2mg (W1) of
DOTA-NHS was accurately weighed and dissolved in 1 mL of dry acetonitrile (ACN) as stock
solution, as DOTA-NHS is stable in dry ACN. After all the samples for the standard calibration
curve and QC had been tested, 20 pL of stock solution of DOTA-NHSS was pipetted into 10 mL
of water and vortexed. The concentration was Cip (2000¥W1 ng/mal). At 5 minutes, 15
minute, 30 minutes and every 30 minutes afterwards until the signal of DOTA plateaued, the

concentration of DOTA was checked by removing 100uL of solution and mixing it with 100uL
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of saturated EDTA solution. The concentration of IDOTA in ng/mL at each time point was
obtained by 2 times the results from calibration curve. Units of ng/mL were converted to uM by
dividing the concentrations for each time point by 4-04 g/mol (the molecular weight of DOTA).
The concentration (uM) of DOTA produced by the hydrolysis of DOTA-NHS was obtained
using equation (2), and units of ng/mL were converted to uM by dividing the concentrations for
each time point by 404g/mol. The percentage of DOTA-NHS was obtained by dividing the
concentration of DOTA-NHS in ng/ml by the Ciota.

[00559] Method Validation. A complete method validation was performed for three runs
of three consecutive days in terms of method specificity, limit of quantification, precision,
accuracy, linearity and range, carryover. The special requirement and maintenance for the whole
éystem was also exploded. Each run contained duplicate calibration curve standards at 10
concentrations and QC samples at 4 concentrations (n=6 at each concentration, including at the
LLOQ). Each run also included a blank following the highest concentration of standard to
evaluate the carryover of the method. The minimum acceptance criteria for the validation are
described below:

[00560] (a) Specificity. As DOTA-NHS and NHS may interfere with the detection of
DOTA, acceptable selectivity was defined as no interference with the detection of DOTA from
both DOTA-NHS and NHS.

[00561] (b)  Precision and accuracy. The precision and accuracy of the method were
validated based on six replicates of high QC (4000 n.g/ml), middle QC (500 ng/ml), low QC
(12.5.ng/ml) and lower limit of quantification (LLOQQ, 5ng/ml) concentrations. The mean value
should be within 15% of the actual value except at LLOQ where it should not deviate by more
than 20%. The precision determined at each concentration level should not exceed 15% of the
coefficient of variation (CV) except for the LLOQ where it should not exceed 20% of the CV.
[00562] (c) Lower Limit of Quantification (LLOQ). LLOQ is the lowest standard on
the calibration curve that can be measured with acceptable precision (20%) and accuracy (80-
120%). The analyte response at the LLOQ should be at least 5 times the response compared to
blank response; normally the signal to noise ratio froom the analyte response is 10. The LLOQ
for this method was determined to be 5 ng/ml.

[00563] (d)  Linearity and range. The calibration range of DOTA was from 5 ng/ml to
4000 ng/ml with standard concentrations at 5,125,225, 62.5, 125, 250, 500, 1000, 2000 and 4000
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ng)ml. Duplicate injections of each standard solution were performed. The coxrelation
coefficient of the calibration curve should be better than 0.95. The deviation of calibration
standards from nominal concentration should be less than 15%, though a 20% or less deviation
from nominal concentration is acceptable for LLOQ.

[00564] (€)  Carryover. The carryover of the method was checked by injection of
blank (water) followed by injection of the highest concentration standard (4000ng/ml). The
carryover should be lower than 20% of signal level of LLOQ.

[00565] MALDI TOF for DOTA-J591 Molecular Weight Determination. A MALDI TOF
instrument (Voyager Elite, Applied Biosystem, Framingham, MA 01701) was used to determine
how many DOTA molecules conjugated to each deJ591 molecule before and after controlling the
quality of the DOTA-NHS starting material. Sinapic acid at 10mg/ml in 50/50 ACN/H,0 with
0.1% TFA was used as the MALDI matrix. The naked deJ591 and deJ591-DOTA complex were
provided in solution of 0.3M ammonium acetate buffer, pH 6.8, at an antibody concentration of
approximately 5 to 10 mg/ml. The deJ591-DOTA was desalted using G25 UltraMicroSpin
column (Nest Group, Inc.) by first adding 200 ul of milliQ water to the column and centrifuging
at 5000 rpm for 3 min, then transferring the column to a new collection tube, lo ading 25 ul of
deJ591-DOTA-containing solution to the bed of column, and centrifuging at 50 00 rpm for 3 min.
The resulting purified sample was eluted into a collection tube; the concetratiorn of this sample
was then adjusted to approximately 0.5 to 1.0 mg/ml of antibody by the additiom of 0.1%
trifluoroacetic acid in milliQ water. The volume ratio of 1:1 for samples to matrix was used and
1 uL of mixture was deposited to the 10x10 MALDI plate. A nitrogen laser operated at 4 HZ at
337 nm was used for the MALDI experiments, with a laser spot size of around 100 pm. Each
spectrum was the accumulation of 200 laser shots. The MALDI TOF detection mode was
positive and linear with delayed extraction.

[00566] ICPMS. Measurements for ICPMS were taken on a Platform ICP (Micromass,
UK). The Platform ICP is a collision/reaction cell based instrument that eliminates argon based
interferences with a mixture of helium and hydrogen. These interference peaks are numerous at
the lower end of the spectrum and preclude measurement in this region if not eliminated.

[00567] ICPMS operating conditions: cooling gas 13.00 L/min, plasma p ower xxxxW,

plasma gas x L/min acquisition mode SIR, nebulizer gas 0.8 L/min, dwell time O.2 s, helium gas
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4.0 mL/min, hydrogen gas 3.5 mL/min. Samples were introduced into the plasma with a
Meinhard nebulizer.

[00568] Multielement analysis. The DOTA-NHS lots were diluted in 1% mnitric acid and
infused onto the ICPMS by passing through an ARIDUS desolvator. A full scarn mode was used
with the range being 5 to 250 amu. The intensities for 56 Fe, 58 Ni, 59 Co, 63 Cu, 64 Zn, 139
La, 140 Ce, and 208 Pb were compared to 2 10 ppb standard of Co. The nitric acid diluent was
used for background subtraction. Using elemental targeting with the Data Explorer software
(ABI), matches were made for the isotope patterns for each of the desired elements. DOTA-
NHS and deJ591-DOTA conjugate samples were diluted in 1% nitric acid to a c oncentration of
100 mg/mL. Samples were run in both SIR and full scan mode. A full scan mode was used with
the range being 5 to 250 amu. Masses monitored for selected ion recording (SIR) mode were 56
Fe, 58 Ni, 59 Co, 63 Cu, 64 Zn, 139 La, 140 Ce, and 208 Pb. Calibration curves for the standard
mix were generated simultaneously for 100, 10, 1, 0.1, 0.01, and 0.001 ppb. using Masslynx
software.

[00569] Results:

[00570] Figure 19 shows the overlay of naked deJ591 and two batches of DOTA-NHS and
deJ591 conjugation results. Theleft-most trace is the 2+ charge state of naked deJ591; the
average mass is 73740. The average mass for one batch of conjugation experim ent (2+ charge
state of DOTA-J591 conjugates, middle trace) is 74707 and for the other batch (2+ charge state
of DOTA-J591 conjugate, right-most trace) is 75462. The 2+ charge state (approx. 74 kDa) is
chosen for mass shift calculation over the 1+ charge state peak since mass accuracy and
resolution is better at the 2+ mass compared to 1+ charge state peak (approx 148 kDa).
Resolution for 2+ charge state peak is 60-80 at fwhm (full width half maximum?) definition for
naked deJ591 2+ charge state peak compared to resolution of 30-40 fwhm for D OTA conjugated
deJ591 2+ charge state peak. The centroid mass of 2+ charge is converted to zexo charge mass
by multiplying the observed mass by a factor of 2 then subtracting 2 (1.0079 ma ss of hydrogen)
mass units. The number of DOTA molecules conjugated to each antibody molecule equals the
mass difference between the calculated zero charge state mass peak centroids fox naked deJ591
and DOTA-J591, divided by 386 (386 is the mass of the addition of a molecule of DOTA when
conjugated to Lysine). The calculated conjugation ratio between DOTA and deJ591 is 8.7 and

4.8 respectively, for the right-most trace and middle trace. As one theory, the variation in
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conjugation ratio is due to a lack of quality control of the DOTA-NHS starting material simce
DOTA-NHS is not stable.

[00571] The availability of DOTA-NHS in different batches can be determined by
quantifying DOTA at different time points during a real time kinetics of hydrolysis experirment.
Figure 20A shows an example of real time kinetics of DOTA-NHS hydrolysis experiment.
According to formula (2), plot In[C mx— Ci] versus time t, a linear line has been obtained (Figure

20B). The correlation coefficient is 0.9979, which proves that DOTA-NHS hydrolysis is a first
order reaction. The intercept of Y is In[C max— Co], so the concentration (Co') of DOTA-NHS

which corresponds to (C mx— Co) can be obtained.

[00572] Figure 21 shows the MALDI MS spectra data for different conjugation batches
between DOTA-NHS and deJ591 after the calculation of availability of DOTA-NHS in different
batches just before the conjugation experiments to control the quality of the starting materi al.
The real input of molar ratio of DOTA-NHS to deJ591 is now kept constant, and as aresult, the
conjugation ratio of DOTA to deJ591 becomes consistent from batch to batch. To further
examine the actual level of DOTA conjugation ratios to the deJ591 antibody, the distribution
ratio of DOTA conjugation to the deJ591 antibody can be investigated using Gaussian
Deconvolution and Peak Fitting software (PeakFit, Systat, Inc.); processing the peak data from
MALDI-TOF MS results for 2+ charge state peaks. Since the DOTA conjugated deJ591 p eak
shown in Figure 21 exhibits much lower resolution compared to the naked deJ591 peak, with
peak width approximately double the width of naked deJ591 peak, it can be assumed that the
reason for this is the DOTA conjugation to deJ591 results in a ratio of conjugation levels,
resulting in a heterogeneous non-resolved peak representing a distribution of various DOT_A
conjugation levels.

[00573] Figure 22 represents the data from Figure 21 after subjecting the 2+ charge state
peak to first Gaussian deconvolution followed by Gaussian peak fitting. Comparing this
processed peak data to the naked deJ591 centroid measurement provides the ability to iden tify
the resolved and fitted peak for zero éonjugation, and the adjacent peaks representing various
levels of DOTA conjugation resulting from mass differences between resolved and fitted p eaks
across the 2+ charge state peak signal (Figure 23) display DOTA conjugation levels from zero
DOTA up to 7 DOTA. The average conjugation level, based on total peak centroid measuxement
(Figure 21) of 5.7 DOTA. The resulting mass differences between the fitted peaks is an av-erage
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of 518 with a %CV of 3.2%; while the expécted mass difference for each DOTA conjugated is a
mass addition of 386, and previous measurements of DOTA-peptide conjugates using
monoisotopic resolved mass assignment has confirmed this. As one theory, not meant to be
limiting, the higher values observed for each DOTA conjugation to the antibody could be from
the Gaussian deconvolution and peak fitting process, having only minimal representation of
these DOTA conjugation peaks present in the raw data, then extrapolating these with software
processing; another non-limiting possibility is the presence of an unidentified contaminant
forming an adduct ion with DOTA conjugated antibody or DOTA molecules, when this intact
antibody is analyzed by MALDI-TOF MS. ‘

Example 24: Pharmacokinetics of deJ591 and deJ591-DM1 in Mice and Cynomolgus Monkeys

[00574] The objectives of this GLP-compliant study were to determine the
pharmacokinetic properties of deJ591 and deJ591-DMI1 and to evaluate the potential
immunogenicity of deJ591 and deJ591-DM1.

[00575] Briefly, male CD-1 mice received a single IV injection via tail vein of 10, 30 or
90 mg deJ591-DM1 /kg. Blood was collected from 3 mice/time point at specified time points (0
[non-dosed], 5, 15, and 30 minutes and 1, 2, 4, 8, and 24 hours after dosing and on Days 3, 5, 8,
and 15) for determination of deJ591-DM1 and total deJ591 serum concentrations and subsequent
pharmacokinetic analysis.

[00576] Groups of male and female cynomolgus monkeys received saﬁne, deJ591, or
deJ591-DM1. Blood was collected at specified time points for determination of serum deJ591-
DM!1 and total deJ591 concentrations and subsequent PK analysis. deJ591-DM1 concentrations
were determined only for deJ591-DM1 -dosed animals, while total deJ591 concentrations were
determined for both deJ591-DM1- and deJ591-dosed animals. Blood was also collected (prior to
infusion [0] and on Days 8, 15, 22, and 29) for determination of primate anti-MLN591 antibody
titers to assess immunogenicity.

[00577] After administration of deJ 591-DM1, there was a tendency for the serum
concentrations of deJ591-DM1 to be slightly higher than the serum concentrations of total-
deJ591 at early time points. The reason for this difference is not presently known. This effect
was more pronounced in monkeys than in mice. Both the deJ591-DM1 and total deJ591 were

cleared slowly, with the t;, for deJ591-DM1 and total deJ591 in mice being approximately 21
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hours and 46 hours, respectively. The clearance in the monkeys was slower than in mice, with
the ty, for deJ591-DM1 and total deJ591 being approximately 54 and 198 hours, respectively.
The half-life was dosage-independent, while the exposure (as measured by either Crax 0r AUC)
increased as the dosage increased, with the increase being approximately dosage proportional.
The exposure to total deJ591 was 2- to 4-fold greater than the exposure to deJ591-DM1. The
dosage-normalized exposure to deJ591-DM1 tended to be higher in monkeys than in mice when
the dosage was expressed on an mg/kg basis. However, when the dosage was expressed on an
mg/m? basis, the dosage-normalized exposures to deJ591-DM1 in mice and monkeys were
similar. As one theory, not meant to be limiting, it is postulated that the faster clearance of
deJ591-DM1 is due to deconjugation of deJ591-DM1 in the RES following cellular processing
of the immunoglobulin to generate deJ591 and DM1 rather than due to a more rapid clearance of
the immunoconjugate by normal antibody clearance mechanisms. The PK parameters of deJ591-

DM!1 and total deJ591 in mice and monkeys are summarized in Table 26.
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Example 25: Toxicity of deJ591 and deJ591-DM1 in Mice and Cynomolgus Monkeys

[00578] DM1 is a structural analogue of maytansine, a naturally occurring, cytotoxic,
macrocyclic antibiotic. DM1 blocks the polymerization of tubulin, thus inhibiting microtubular
formation and mitosis and inducing metaphase arrest of dividing cells in vitro. For maytansine,
this stathmokinetic cytotoxicity is irreversible and specific for G2 and M phase cells, with
histologic evidence of arrest in metaphase, suggesting impaired mitotic spindle formation, DM,
and thus deJ591-DM1, would be expected to share this mechanism of action and therefore to be
aneugenic (capable of causing irregularities in chromosomal numbers), but not clastogenic
(capable of causing chromosomal fragmentation) or mutagenic (capable of causing direct
damage to DNA). deJ591-DM1 was demonstrated to be positive for the induction of numerical
chromosome aberrations (polyploidy/ endoreduplication) in CHO cells in vitro at 500 mg/mL,
likely related to aneugenicity. In vivo deJ591-DM1 was positive at 30, 48, and 90 mg/m? for
increases in micronucleated polychromatic erythrocytes in the mouse micrénucleus test. deJ591-
DM1 was not mutagenic in a bacterial reverse mutation assay (Ames’ test).

[00579] CD-1 mice and cynomolgus monkeys were chosen as the rodent and nonhuman
primate species for nonclinical toxicology testing of deJ591-DM!1 on the basis of published
recommendations for establishing the human Safe Starting Dose (SSD) for Phase 1 clinical trials
of immunoconjugates. Cynomolgus monkeys were additionally selected because they shared
similar tissue cross-reactivity patterns with human tissues, characterized by strong
immunostaining of epididymal epithelium and weak immunoreactivity in glial cells and neuropil
in the subcortical white matter of brain. However, in contrast to human tissues, monkey prostate
epithelial cells did not stain (monkeys do not express PSMA on prostaté epithelium). Mice were
additionally because they were used in prostate cancer xenograft models to evaluate the
pharmacology of deJ591-DMI1 and in genotoxicity tests. Use of both mice and cynomolgus
monkeys for nonclinical testing allowed comparison of exposure and toxicity across species on
the basis of body surface area (mg/m?), and thus aided in selecting the SSD for the proposed
Phase 1 clinical trial.

[00580] A single IV administration of deJ591-DM1 induced dosage-dependent
toxicological changes in many organ systems or tissues in mice and monkeys. Toxicity (in mice)

was characterized microscopically as “mitosis/necrosis”, which appeared to represent arrest of
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the mitotic cycle, with subsequent cell death. This microscopic finding is compatible with the
known mechanism of toxicity of DM1, and was also seen after administration of nonconjugated
DMT1 to mice. In both monkeys and mice, target organs identified for deJ591-DM1 included:
gastrointestinal, hematopoietic (bone marrow), liver and lymphoid tissue. No clinical or
microscopic evidence of toxicity to neural tissues was observed in either species. In monkeys
dosed with deJ591-DM1, mild to moderate microscopic changes in the target organs were only
seen at the severely toxic dosage (STD) of 360 mg/m?, which resulted in mortality in 25% of the
animals. The highest non-severely toxic dosage (HNSTD) or maximum-tolerated (non-lethal)
dosage (IMTD) for monkeys was 192 mg/m?, where toxicity was limited to clinical signs
compatible with mild gastrointestinal toxicity in a few animals.

[00581] For mice, the MTD was 180 mg/m?, which was slightly less than that for
monkeys, yet considerably more toxic. At the MTD for mice moderate to marked toxicity
affected gastrointestinal, hematopoietic (bone marrow), liver, and lymphoid (thymus, spleen,
lymph nodes, gut-associated lymphoid tissue [GALT]) organs, and in addition, reproductive
(ovaries, uterus, testes, seminal vesicles, epididymis, prostate) and many other glandular
(mandibular salivary, lacrimal, Harderian, and adrenal glands) organs or epithelial tissues. The
calculated dosages that would represent the LD10 for male and female mice were 289 and 286
mg/mz, respectively.- The STD for mice was 300 mg/m2, which was slightly less than that for
monkeys, though associated with similar mortality (30%). However, at the STD for mice,
toxicity occurred in all organs affected at the MTD and was additionally accompanied by
moderate to marked toxicity of urogenital organs (bladder, vagina, and penis).

[00582] The no-observable-adverse-effect level (NOAEL) for deJ591-DM1 in monkeys
was 120 mg/m®. In contrast, a NOAEL for deJ591-DM1 was not identified in mice, although at
the lowest tested dosage (30 mg/m?), thicity was limited to slightly (10%) lower testes weights.
Toxicity to reproductive tissues of male monkeys was not evaluable due to sexual immaturity.
With the exception of toxicity to testes in mice, most of the changes observed in both species
were partially to comﬁletely reversible.

[00583] The toxicity of a single IV administration of equimolar dosages of DM1 was
compared to that for deJ591-DM! in mice. DM tended to be less toxic than deJ591-DMI1 at
lower dosages, although the DM1-equivalent MTD and STD dosages were identical and the

DM1-equivalent LD10 dosages for males and females were similar. Target organs identified for
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DM1 were similar to those for deJ591-DM1, with a few notable exceptions: liver toxicity was
less prevalent with DM1 and lacked marked elevations in serum transaminase values, changes to
testes weights were seen only at higher dosages, and urogenital organs (including penis) were
less affected by toxicity. The differences in toxicity are considered compatible with differential
tissue distribution and a greater duration of exposure to deJ591-DM1 than to DM1.

[00584] Although guidance documents on selection of the SSD for anticancer
immunoconjugates are not available, published literature suggests the use of one-tenth the LD10
in mice or one-sixth the HNSTD in nonhuman primates. Based on the mouse LD10 (289 mg/m?)
and monkey HNSTD (192 mg/m?), a SSD for deJ591-DM1 of 29 or 32 mg/m?, respectively, can
be supported. In light of the fact that primates appear more resistant to the toxicity of deJ591-
DM1 than do mice, the proposed SSD for the Phase 1 human clinical trial is 32 mg/m?.

[00585] Results from the toxicological studies are summarized in Tables 27-29 below.
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Example 26: A Phase 1 Single Ascending Dose Trial of DM1 conjugated monoclonal

antibody de591) in Subjects with Metastatic Androgen-Independent Prostate Cancer

[00586] A Phase 1 open-label dose-escalating trial was designed to
determine the dose-limiting toxicity (DLT), maximum tolerated dose (MTD),
pharmacokinetics and immunogenecity of a single ascending dose of DM1
conjugated deJ591 in subjects with metastatic androgen-independent prostate
cancer. Based upon emerging clinical safety and PK, repeat dosing at four week
intervals was subsequently permitted.
[00587] DLT is defined as the occurrence of one or more of the following:
Hematologic: - Grade 4 thrombocytopenia (platelet count <10,000/mm3)

Requirement for platelet transfusion and/or other methods
to increase platelet count

Febrile neutropenia (ANC <1000/mm’ concurrent with a
temperature >38.5°C). (Per the Infection/Febrile Neutropenia subsection of the
NCI CTC version 2.0, febrile neutropenia is, by definition, a >Grade 3 toxicity)

Grade 4 neutropenia without fever of >7 days duration

Grade 3 neutropenia requiring granulocyte colony-
stimulating factor (G-CSF) administration

Grade 4 anemia (hemoglobin <6.5 g/dL)

Grade 3 anemia (hemoglobin 6.5 - <8.0 g/dL) in a subject
receiving EpogenONon-hematologic

Any Grade 3 non-hematologic toxicity considered by the
investigator to be possibly related to study drugMTD is defined as the highest
dose level with an observed incidence of DLT in no more than 1 out of 6 subjects.
[00588] All subjects will receive 3 doses of DM1 conjugated deJ591
regardless of their PSA values, provided they meet the eligibility criteria
described herein prior to dosing. There will be a 4 week (28 days £2 days)
interval between dose administrations. After the third dose, subjects who show a

response after study drug administration may be eligible to receive additional
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| (repeat) doses of DM1 conjugated deJ591. Subjects will receive the same dose
administered on day 1 (Visit 1) of their first infusion.
[00589] Based on the proposed dose escalation scheme, approximately 29
subjects will be enrolled in this study. The actual number of subjects enrolled

will depend on the dosing level in which DLT is seen.

[00590] Diagnosis and main criteria for inclusion:
[00591] Subjects with metastatic androgen-independent prostate cancer will
be enrolled. Metastatic disease must be evident on bone scan, CT/MRI, or chest-
x-ray as described below. Tumor lesions do not have to be measurable per
RECIST criteria. Subjects must have progressive measurable or evaluable disease
despite castrate levels of testosterone, defined as having progressive tumor lesions
(changes in the size of lymph nodes or parenchymal masses on physical
examination or X-ray), progressive bone metastasis (presence of new lesion(s) on
a bone scan), and/or progressive PSA, in order to be eligible for enrollment in the
study. Progressive PSA is defined as an increase in PSA, as determined by two
separate measurements taken at least one week apart and confirmed by a third. If
the third measurement is not greater than the second measurement, then a fourth
measurement must be taken; the fourth measurement must be greater than the
second measurement for the subject to be eligible for enrollment in the study.
Furthermore, the cqnﬂrmatory PSA measurement (i.e., the third or, if applicable,
fourth PSA measurement) must be 5 ng/mL. Subjects whose sole manifestation
of progression is an increase in disease related symptoms are not eligible.
[00592] Inclusion Criteria: '
| Histologic diagnosis (recent or remote) of prostate
adenocarcinoma
Progressive prostate cancer on imaging studies and/or -

rising PSA, as defined by the presence of one or more of the following:

progressive tumor lesions (changes in the size of lymph nodes or
parenchymal masses on physical examination or X-ray and CT scan or MRI);
progressive bone metastasis (presence of new lesion(s) on a bone scan);

progressive PSA levels despite castrate levels of testosterone as defined above
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Patients who have received an anti-androgen must have
shown progression of disease off of the anti-androgen prior to enrollment.

Failed hormonal therapy (including anti-androgen
withdrawal therapy, as appropriate)

LHRH analog therapy: if subject is being treated with
LHRH analog therapy at the time of screening the therapy must be maintained for
 the duration of the trial; if subject discontinued LHRH therapy prior to screening,
the therapy must be discontinued 10 weeks prior to enrollment for 1 month depot
preparations, 24 weeks for 3 month depot preparations, and 32 weeks for 4 month
depot preparations

* Agree to use an effective barrier method of contraception

[00593] Exclusion criteria:

Use of corticosteroids and/or adrenal hormone inhibitors
within 4 weeks of enrollment |

Use of PC-SPES within 4 weeks of enrollment

Prior cytotoxic chemotherapy and/or radiation therapy
within 6 weeks of enrollment

Use of anti-androgen therapy (e.g., flutarmide, bicalutamide,
nilutamide) within 6 weeks of enrollment

Prior monoclonal antibody administration, including
Prostacint®

Peripheral neuropathy of Grade 2, as defined by the NCI
Common Toxicity Criteria (NCI CTC)

History of CNS metastasis, including epidural disease

History of seizure disorder requiring active treatment
and/or stroke

History of HIV infection

Platelet count £100,000/mm®

Absolute neutrophil count (ANC) £1,500/mm’

Hematocrit £30 percent

Abnormal coagulation profile (PT, and/or INR, PTT)
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Creatinine clearance <60 mL/min or Serum creatinine >2.0

mg/dL
AST or ALT >1.5 X ULN
Bilirubin (total) >ULN
Serum calcium >12.5 mg/dL
Active serious infection not controlled by antibiotics
Active angina pectoris or NY Heart Association Class III-
IV heart disease

Karnofsky Performance Status <60

Life expectancy <6 months

Other serious illness(es) involving the cardiac, respiratory,
CNS, renal, hepatic or hematological organ systems that might preclude
completion of this study or interfere with determination of causality of any
adverse effects experienced in this study
[00594] Eligibility criteria for repeat dosing
[00595] After the first dose, subjects will receive DM1 conjugated deJ591

every 4 weeks (28 days £2 days), provided they meet the following criteria prior
to dosing: '

Experience no DLTSs from the previous dose

Any treatment-related non-hematological toxicity of grade
2 has resolved to baseline of <grade 1

Exhibit no evidence of significant peripheral neuropathy,
defined as Grade 1 or less intensity as defined by the NCI Common Toxicity
Criteria (NCI CTC) Platelet count >100,000/mm3

Absolute neutrophil count (ANC) >1,500/mm3

After the third dose, subjects must show evidence of PSA
response as defined by a decrease in PSA values =50% from baseline at Visit 1.
[00596] Dosage and administration (
[00597] The starting dose is 18 mg/m2. Subjects will be followed for 3
weeks after the first dose to determine dose escalation. Dose escalation will

continue until DLT and MTD are determined. Two phases of dose escalation will
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be used. In the first phase, one subject will be enrolled at each dose level. In the
second phase, three subjects will be enrolled at each dose level. The planned dose
increments are 80%, 60%, 40%, 30%, 30%, 30%, 30%, 30% and 30% above the
previous dose, with a total of ten dose levels planned. All dose increments will be
adjusted to 30% above the previous dose if DLT or two or more occurrences of
non dose-limiting grade 2 or greater drug-related toxicity (NDLT) are observed in
subjects treated at any of the first three dose levels. Non dose-limiting grade 2 or
greater toxicity includes grade 2 or 3 hematologic toxicity and grade 2 non-
hematologic toxicity. Drug-related toxicity is toxicity considered by the
investigator to be related to study drug. In the first phase, one subject will be
enrolled at the lowest dose level and observed for 3 weeks to ensure that there are
no significant adverse events. If no DLT or NDLT is observed during the 3 week
observation period, dose escalation will continue and a new subject will be
enrolled at the next predefined dose level. Single subjects will continue to be
enrolled and observed at sequentially increasing dose levels until one subject
experiences a DLT or a NDLT. IfDLT is observedina single subject at any dose
level in the first phase, the second phase will begin, where 3 subjects per dose
level will be enrolled. The dose assignment for the first subject enrolled in the
second phase will be one dose level lower than the dose level at which DLT is
observed. If NDLT is observed in the subject treated at any of the first three dose
levels, dose escalation will stop and two more subjects will be enrolled at the
current dose level. Subsequent dose escalation and enrollment will be determined
by the number and grade of toxicities observed in these two additional subjects.

If DLT or NDLT is not observed, the first phase will continue. Dose escalation
will proceed to the next predefined dose level, with one subject enrolled at that
dose level. If DLT is observed in one subject, three subjects will be enrolled at
the current dose level and the second phase will begin. The dose increments for
subsequent dose escalations will be 30 % for the remainder of the study. If DLT is
observed in both subjects, dose escalation will stop and three subjects will be
enrolled at the previous dose level, marking the beginning of the second phase.

The previous dose level will be evaluated as potential MTD. No further dose
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escalation will occur. If NDLT is observed in one or more subject, three subjects
will be enrolled at the next dose level and the second phase will begin. The dose
increments for this and all subsequent dose escalations will be 30% for the
remainder of the study. In the second phase, the traditional escalation rules (TER)
or “3+3” will be used in the second phase. Three or more subjects will be
enrolled at each dose level. If no DLT or NDLT requiring the second phase to
begin is observed during the first five dose levels, the second phase will begin
when subjects are enrolled at the sixth dose level. If zero of three subjects at a
given dose level experience DLT, the next dose level will be studied in another
cohort of three subjects. If one of three subjects experience DLT at a given dose
level, up to three more subjects will be entered at that same dose level. Escalation
will continue if one of six subjects experience DLT.If two or three subjects out of
the first 3 subjects dosed experience DLT, or if two or more (>30%) subjects out
of the first 6 subjects dosed experience DLT, the dose will de-escalate to one level
lower. This escalation/de-escalation will continue until all of the following
conditions are met: 1) six subjects have been treated at the current dose level with
no more than one DLT; 2) Two or more subjects or >30% of 4 or more subjects
experience DLT at the higher dose level. When these conditions are met, the
current dose level will be considered the MTD. If dose escalation increases abové
the highest dose level and MTD cannot be determined by the escalation rule,
clinical and statistical judgments will determine whether to consider the highest

dose level as MTD or to add additional dose levels to the proposed dose

escalation scheme. '
[00598] Repeat dosing for responders
[00599] Subjects who show evidence of response following their third

dose, as defined by a decrease in PSA values =50% from Visit 1 (prior to the first
dose), and/or a decrease in measurable disease from screening according to the
RECIST criteria, will, at the investigator’s discretion, be eligible to continue
receiving additional (repeat) doses at the same dose and schedule until disease
progression. In addition to PSA and/or disease response, subjects must meet the

criteria for repeat dosing described above. All doses will be administered at 4
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week (28 days %2 days) intervals. Subjects will receive the same dose
administered on day 1 (Visit 1) of their first infusion.
[00600] Duration of subject participation/Duratiom of study

[00601] The total duration for subjects who receive 3 doses of DM 1
conjugated deJ591 will be approximately 100 days, including a 14-day screening
period, a 56-day treatment period consisting of 3 doses ©f DM1 conjugated

| deJ591 every 4 weeks, and 30 days of follow-up following the final dose.
Subjects will remain on study for an additional 30 days Following each additional
(repeat) dose administered, including a 2-day window for repeat dosing and a 30-
day follow-up period. Subjects who respond to study drug following their final
dose of DM1 conjugated deJ591 will be followed every 3 months until disease
progression. Study accrual is expected to be 12 months, and the total study
duration is expected to be 14-21 months.

[00602] Criteria for evaluation(primary/secondary endpoints):

[00603] Safety Incidence of adverse events and abnormal laboratory values
will be determined throughout the study and for 30 days following the last dose
administration. Occurrence of DLTs up to and including 3 weeks after the first
dose will determine dose escalation.

[00604]  Efficacy

[00605] Outcomes based on post-therapy PSA changes: analyses of PSA
serum levels will be based on the recommendations of thhe Prostate-Specific
Antigen Working Group. The primary efficacy analysis will be based on PSA
response, where a PSA response is defined as a decrease from baseline in PSA of
350%, confirmed by two separate measurements taken at least 4 to 6 weeks apart,
without demonstrable clinical or radiographic evidence of disease progression
during that time period. Outcomes based on measurable disease: for subjects who
are shown/demonstrated to have measurable tumor lesioms at screening, tumor
lesions are to be measured and disease response assessed (according to the
RECIST criteria). Disease response is also to be assessed four weeks after the
first documentation of complete response (CR) or partial response (PR) in order to

confirm the response. For subjects who are determined €o have non-measurable
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lesions at screening, repeat CT or MRI may be performed for the assessment of
tumor lesions at a schedule deterrmined by the investigator, as clinically
indicated.Subjects responding to treatment will be followed every 3 months until
disease progression.

[00606] Pharmacokinetics

[00607] Pharmacokinetic analyses will be performed following the first and
second doses of DM1 conjugated deJ591. Blood samples (~10 mL) for
determination of serum concentrations of DM1 conjugated deJ591 and its various
components will be collected immediately before (time 0), during (1 hour), at the
end (approximately 2.5 hours), arad at 4 and 6 hours following the first infusion of
DM] conjugated deJ591, and prior to (time 0) and at the end of infusion (2.5
hours) following the second dose received. Following the first dose only, a blood
sample will be collected on Visits 26 at approximately the same time of the day
the original infusion was administered. All pharmacokinetic samples should be
obtained at the site distal to or remaote from the study drug infusion site. Urine
samples for the possible determination of antibody-unbound DM1 will be
collected following the first dose of DM1 conjugated deJ591 only. Urine samples
will be collected on day 1, before start of the infusion (10 mL aliquot), during
through the end of the infusion (total volume), and between the end of the
infusion and discharge from the clinic (total volume). In additibn, a1l0mL
aliquot will be collected on day 2, 4, 8, 15, and 22 (Visits 1 through 6) following
the first dose. Additionally, blood samples for determination of anti-MLN591
antibody and deJ591 antibody will be collected at screening, at Visit 6 following
the first dose of DM1 conjugated deJ591, at Visit 4 following each additional |
(repeat) dose, at the early termination visit and at the 30 day follow-up visit after |
the last dose. Additional samples will be collected at each 3-month follow-up
visit for responders. If feasible, annti-DM1 antibody will also be assessed.

[00608] Statistical methods:

[00609] General analysis plan Statistical analyses will be primarily
descriptive in nature because the goal of the study is to determine the DLT and
MTD of a single dose of DM1 conjugated deJ591. This will be achieved by the
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results of a deterministic aigorithm. Statistical hypothesis testing will. not be
performed. The determination of MTD of the study drug will be based on data
from single dose assessments. Therefore, the analysis will be performaed as soon
as the complete set of single dose assessments becomes available. Th e data from
multiple dose assessments will not be used as the primary analysis to determine
MTD.All subjects who receive any amount of study drug will be inchaded in the
evaluation of safety of DM1 conjugated deJ591. The evaluation of MC'TD will be
based on data from subjects who receive DM1 conjugated deJ591 and whose data
are interpretable in the context of study drug-specific toxicity (i.e., subjects should
have had sufficient safety assessments performed to determine whether a DLT
occurred and should not have received alternate anti-neoplastic therapies through
day 22 following the first dose of DM1 conjugated deJ591). Subjects who
discontinue from the study for reasons other than DLT before comple€ion of 21
days of follow-up after the first dose will not be included in the analysis of the

MTD. No interim analysis for the purpose of modifying the course of this study

is intended.
[00610] Results:
[00611] 23 patients have received DM1 conjugated deJ591 at d oses ranging

from 18 to 343 mg/m? in this ongoing clinical trial. 17 patients have received
three doses. PK of antibody related analytes (J591-DM1, Total J591 amd free
J591) was typical of monoclonal antibodies. Plasma levels of DM1-SEI were
detectable. No anti-antibodies against DM1 conjugated deJ591, deJ59 1 or DM1
were detected. DM1 conjugated deJ591 has been well-tolerated in the majority of
patients, Only one DLT, an uncomplicated febrile neutropenia, has be en reported
at the highest dose level (343 mg/m?). This patient also demonstrated @ sustained
>50% PSA decline and remains on study at a reduced dose. One patiemt treated at
the 264 mg/m” dose level has experienced a PR by RECIST criteria, itmprovement
in extensive cutaneous metastatic lesions as well as durable 70% decrease in PSA.
This patient has received seven doses and remains on study at 24 weelks without
evidence of disease progression or significant toxicity. Additional pati ents have

experienced pain relief, stabilization of PSA, and improved performarxce status.
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Anti tumor activity has been observed at well-tolerated doses of DM1 cOnjuga}ted
deJ591. MTD is =343 mg/m’.

Equivalents

[00612] Those skilled in the art will recognize, or be able to asc ertain using no
more than routine experimentation, many equivalents of the specific exmbodiments of the .
invention described herein. Such equivalents are intended to be enconnpassed by the

following claims.
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We claim:

1. A method of treating prostate cancer, in a subject, comprising administering to
the subject two to twenty-four doses of an antibody or antigen binding fragm ent thereof
which binds to the extracellular domain of prostate specific membrane antigen (PSMA)
and which is coupled to DM1, wherein each dose comprises about 175 to 500 mg/m? of

the antibody or antigen binding fragment thereof, to thereby treat the subject.
2. The method of claim 1, wherein the prostate cancer is metastatic.

3. The method of claim 2, wherein the metastatic prostate cancer involves a bone

marrow or a lymph node metastasis.

4. The method of claim 1, wherein the prostate cancer is recurrent prostate

cancer.

5. The method of claim 1, wherein each dose is about 225 to 500 mg/m? of the
antibody or antigen binding fragment thereof.

6. The method of claim 1, wherein each dose is about 290 to 500 mg/am* of the
antibody or antigen binding fragment thereof.

7. The method of claim 6, wherein the subject is administered six to eighteen

doses of the antibody or antigen binding fragment thereof.

8. The method of claim 7, wherein the subject is administered at least twelve

doses of the antibody or antigen binding fragment thereof.

9. The method of claim 1, wherein the antibody or antigen binding fra. gment

thereof is a human antibody or antigen binding fragment thereof.

229



WO 2005/094882 PCT/US2004/006543

10. The method of claim 1, wherein the antibody or antigen binding fragment

thereof is a modified antibody or an antigen binding fragment thereof.

11. The method of claim 10, wherein the modified antibody or antigen binding
fragment thereof is selected from the group consisting of a CDR-grafted antibody, a

humanized antibody, a deimmunized antibody and antigen binding fragments thereof.

12. The method of claim 10, wherein the modified antibody or antigen binding
fragment thereof has one or more CDRs from a monoclonal antibody selected from the
group consisting of: J591, J415, J533 and E99.

13. The method of claim 11, wherein the modified antibody or antigen binding
fragment thereof is a deimmunized J591 antibody or antigen binding fragment thereof.

14. The method of claim 13, wherein the deimmunized J591 antibody or antigen
binding fragment thereof comprises the amino acid sequence shown as SEQ ID NO:22,
or the light chain variable region amino acid sequence of the antibody produced by the
NSO cell line having ATCC Accession Number PTA-3709.

15. The method of claim 14, wherein the deimmunized J591 antibody or antigen
binding fragment thereof is encoded by the nucleotide sequence shown as nucleic acid
residues 261-581 of SEQ ID NO:25, or the light chain variable region nucleotide
sequence of the antibody produced by the NSO cell line having ATCC Accession Number
PTA-3709.

16. The method of claim 13, wherein the deimmunized J591 antibody or antigen
binding fragment thereof comprises a heavy chain variable region, comprising the amino
acid sequence shown as SEQ ID NO:21, or the heavy chain variable region amino acid
sequence of the antibody produced by the NSO cell line having ATCC Accession Number
PTA-37009.
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17. The method of claim 16, wherein the deimmunized J591 antibody or antigen
binding fragment thereof is encoded by the nucleotide sequence shown as nucleic acid
residues 261-605 of SEQ ID NO:23, or the heavy chain variable region nucleotide
sequence of the antibody produced by the NSO cell line having ATCC Accession Number
PTA-3709.

18. The method of claim 13, wherein the deimmunized J591 antibody or antigen
binding fragment thereof comprises:

a light chain variable region comprising the amino acid sequence shown as SEQ
ID NO:22, or the light chain variable region amino acid sequence of the antibody
produced by the NSO cell line having ATCC Accession Number PTA-3709; and

a heavy chain variable region comprising the amino acid sequence shown as SEQ
ID NO:21, or the heavy chain variable region amino acid sequence of the antibody
produced by the NSO cell line having ATCC Accession Number PTA-3709.

19. The method of claim 18, wherein the deimmunized J591 antibody comprises

two heavy chains and two light chains.

20. The method of claim 18, wherein the heavy chain constant region the

deimmunized J591 antibody is of human isotype IgG1.

21. The method of claim 1, further comprising evaluating the subject for
hematologic toxicity after administration of two doses of the antibody or antigen binding

fragment thereof coupled to DM1.
22. The method of claim 7, further comprising evaluating the subject for
hematologic toxicity after administration of twelve doses of the antibody or antigen

binding fragment thereof coupled to DM1.

23. The method of claim 21 or 22, wherein hematologic toxicity is determined by

evaluating the subject for myelosuppression.
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24. The method of claim 23, wherein myelosuppression is evaluated by

evaluating thrombocytopenia, neutropenia, or both in the subject.

25. The method of claim 1, 21 or 22, further comprising evaluating the subject

after one or more of the doses for non-hematologic toxicity.

26. The method of claim 25, wherein non-hematologic toxicity is evaluated by
evaluating one or more of: fatigue, anorexia, fever, rigors, nausea, vomiting, diarrhea,

constipation and rash.

27. The method of claim 21 or 22, further comprising determining if an
additional dose or doses of the antibody or antigen binding fragment thereof coupled to
DM1 will be administered to the subject. '

28. The method of claim 27, wherein the determination of an additional dose or
doses is based upon the determined level of hematologic toxicity in the subject after
administration of the doses of the antibody or antigen binding fragment thereof coupled
DMI.

29. The method of claim 28, wherein it is determined that an additional dose or
doses will be administered based upon the determination that the hematologic toxicity is

less than grade 4 thrombocytopenia, less than grade 4 neutropenia or both.

30. The method of claim 27, further comprising administering one or more

additional doses of the antibody or antigen binding fragment thereof coupled to DM1.

31. The method of claim 25, further comprising determining whether to
administer to the subject one or more therapeutic modalities which enhance blood cell
counts in combination with a subsequent dose or doses based upon the evaluation of

hematologic toxicity.
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32. The method of claim 31, further comprising administering one or more
therapeutic modalities which enhance blood cell count in combination with a subsequent

dose or doses.

33. The method of claim 32, wherein the therapeutic modality can be one or more
of: platelet transfusion, administration of a growth factor, and bone marrow

transplantation.

34. The method of claim 33, wherein the growth factor can be one or more of
GM-CSF and GCSF.

35. The method of any of claims 1-34, wherein a dose is given once every week.

36. The method of any of claims 1-34, wherein a dose is given once every two

weeks.

37. The method of any of claims 1-34, wherein a dose is given once every four

weeks.

38. The method of claim 1, wherein each dose is about 320 to 500 mg/m? of the

antibody or antigen binding portion thereof.

39. The method of claim 1, wherein each dose is about 340 to 500 mg/m” of the

antibody or antigen binding portion thereof.

40. The method of claim 1, wherein each dose is about 300 to 400 mg/m? of the

antibody or antigen binding portion thereof.
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41. A method of treating prostate cancer in a subject, comprising: administering
to the subject between twelve and eighteen doses of an anti-prostate specific membrane
antigen (PSMA) antibody, or an antigen-binding fragment thereof, which comprises:

a light chain variable region comprising the amino acid sequence shown as SEQ
ID NO:22 or the light chain variable region amino acid sequence of the antibody
produced by the NSO cell line having ATCC Accession Number PTA-3709; and

a heavy chain variable region comprising the amino acid sequence shown as SEQ
ID NO:21 or the heavy chain variable region amino acid sequence of the antibody
produced by the NSO cell line having ATCC Accession Number PTA-3709,

wherein the anti-PSMA antibody, or antigen binding fragment thereof, is coupled
to DM1 and wherein each dose comprises about 300 to 500 mg/m” of the anti-PSMA
antibody or antigen binding fragment thereof, to thereby treat the subject.

42. The method of claim 41, wherein the prostate cancer is metastatic.

43. The method of claim 42, wherein the metastatic prostate cancer involves a

bone marrow or a lymph node metastasis.

44. The method of claim 41, wherein the heavy chain constant region the

deimmunized J591 antibody is of human isotype IgG1.

45. The method of claim 41, further comprising evaluating the subject for
hematologic toxicity after administration of at least two doses of the anti-PSMA antibody
or antigen binding fragment thereof. ‘

46. The method of claim 45, further comprising evaluating the subject for
hematologic toxicity after administration of twelve doses of the anti-PSMA antibody or

antigen binding fragment thereof.

47. The method of claim 45 or 46, wherein hematologic toxicity is determined by

evaluating the subject for myelosuppression.
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48. The method of claim 47, wherein myelosuppression is evaluated by

evaluating thrombocytopenia, neutrop enia, or both in the subject.

49. The method of claim 41, 42 or 46, further comprising evaluating the subject

after one or more of the doses for non-hematologic toxicity.

50. The method of claim 49, wherein non-hematologic toxicity is evaluated by
evaluating one or more of: fatigue, anorexia, fever, rigors, nausea, vomiting, diarthea,

constipation and rash.

51. The method of claim 45 or 46, further comprising determining if an
additional dose or doses of the anti-PSMA antibody or antigen binding fragment thereof
will be administered to the subject.

52. The method of claim 51, wherein the determination of an additional dose or
doses is based upon the determined level of hematologic toxicity in the subject after
administration of the doses of the antibody or antigen binding fragment thereof coupled
DM1.

53. The method of claim 52, wherein it is determined that an additional dose or
doses will be administered based upon the determination that the hematologic toxicity is

less than grade 4 thrombocytopenia, less than grade 4 neutropenia or both.

54. The method of claim 51, further comprising administering one or more

additional doses of the anti-PSMA antibody or antigen binding fragment thereof.

55. The method of claim 45 or 46, further comprising determining whether to
administer to the subject one or more therapeutic modalities which enhance blood cell
counts in combination with a subsequent dose or doses based upon the evaluation of

hematologic toxicity.
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56. The method of claim 55, further comprising administering one or more
therapeutic modalities which enhance blood cell count in combination with a subsequent

dose or doses.

57. The method of claim 56, wherein the therapeutic modality can be one or more
of: platelet transfusion, administration of a growth factor, and bone marrow

transplantation.

58. The method of claim 57, wherein the growth factor can be one or more of
GM-CSF and GCSF.

59. The method of any of claims 41-58, wherein a dose is given once every week.

60. The method of any of claims 41-58, wherein a dose is given once every two

weeks.

61. The method of any of claims 41-58, wherein a dose is given once every four

weeks.

62. The method of claim 41, wherein each dose is about 320 to 450 mg/m? of the
antibody or antigen binding fragment thereof.

63. The method of claim 41, wherein each dose is about 340 to 400 mg/m” of the
antibody or antigen binding fragment thereof.

64. The method of claim 41, wherein each dose is about 350 to 360 mg/m” of the
antibody or antigen binding fragment thereof.
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Amino Acid Sequence of Murine 1591 Heavy Chain (CDRs are marked,
numbering as Kabat)

EVQLQQSGPELKKPGTSVRISCKTS | GYTFTEYTIH | WWKQSHGKS

1 10 20 30 40
CDR1
LEWIG|NINPNNGGTTYNQKFED|KATLTVDKSSSTAYMELRSLTS
50 60 70 80
* CDR2
EDSAVYYCAA | GWNFDY | WGQGTTLTVSS
90 100 110
CDR3

Amino Acid Seguence of Murine J591 Light Cham (CDRs are markec_l,

numbering as Kabat)

DIVMTQSHKFMSTSVGDRVSIIC|KASQDVGTAVD|WYQQKPGQSP

1 10 20 30 40
CDR1
KLLIY | WASTRHT | GVPDRFTGSGSGTDFTLTITNVOSEDLADYFC
50 60 70 80
CDR2

| OQQYNSYPLT | FGAGTMLDLK
90 100

CDR3 | FIG. 1B
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Ammino Acid Sequence of Delmmunised J591 Heavy Chain (CDRs are
marked, numbering as Kabat)

EVQLVQSGPEVKKPGATVKISCKTS |GYTFTEYTIH | WWKQAPGKG
1 10 20 30 40
' CDR1

LEWIG|NINPNNGGTTYNQKFED | KATLTVDKSTDTAYMELSSLRS
50 60 70 80
CDR2

EDTAVYYCAA|GWNFDY | WGQGTLLTVSS
‘ 90 100 110
CDR3 '

FIG. 2A

Amino Acid Sequence of Delmmunised 1591 Light Chain (CDRs are -
marked, numbering as Kabat)

DIQMTQSPSSLSTSVGDRVTLTC | KASQDVGTAVD | WYQOKPGPSP
1 10 20 30 40
CDR1 -

KLLIY|WASTRHT | GIPSRFSGSGSGTDFTLTISSLOPEDFADYYC
50 60 70 80
CDR2

| QQYNSYPLT | FGPGTKVDIK
90 100

CDR3 | FIG. 2B
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