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The present invention relates to monoclonal antibodies that bind to the extracellular domain of prostate specific membrane antigen
(PSMA), hybridoma cell lines producing the antibodies, and methods of using such antibodies for diagnosis and treatment of cancer. In
| particular, it relates to three monoclonal antibodies reactive with PSMA expressed on the cell surface and in sera of prostate cancer patients.

(54) Title: MONOCLONAL ANTIBODIES SPECIFIC FOR THE EXTRACELLULAR DOMAIN OF PROSTATE SPECIFIC MEM-

Additionally, the present invention relates to a novel protein variant (PSM’) of PSMA detected by an antibody of the invention. The I

hydrolase activity of PSMA and PSM’ allows the use of an immunoenzymatic assay for their detection.
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MONOCLONAL ANTIBODIEE S8PECIFIC FOR TEE EXTRACELLULAR
DOMAIN OF PROESTATE BPECIFIC MEMBRANE ANTIGE

. FIELD OF THE NTION
The present invention relates to monoclonal
antibodies that bind to the extracellular domain of prostate
specific membrane antigen (PSMA), hybridoma cell lines
producing the antibodies, and methods of using such

antibodies for diagnosis and treatment of cancer. 1In
particular, it relates to a monoclonal antibody generated
against a synthetic peptide substantially homologous to a
portion of the carboxyl terminal region of PSMA, which
antibody reacts with PSM2 expressed on tumor cell surface and
in sera of prostate cancer patients. Additionally, it
relates to two monoclonal antibodies generated against a
prostatic carcinoma membrane preparation, which antibodies
also react with PSMA expressed on the cell surface. The
present invention also relates to a novel protein variant
(PSM’) of PSMA detected by the antibodies.

2. BACKGROUND OF THE INVENTION

Prostate cancer is the second leading cause of
death from cancer among men. In fact, prostate cancer is the
most common non-cutaneous cancer diagnosed in the American
male. The number of men diagnosed with prostate cancer is
steadlly increasing as a result of the increasing population
of older men as well as a greater awareness of the disease
leading to its earlier diagnosis (Parker et al., 1997, CA
Cancer J. for Clin. 47:5-28). It was projected that over
334,500 men would be diagnosed with prostate cancer in 1997,
and that approximately 41,800 deaths would result from the
disease. The life time risk for men developing prostate
cancer 1s about 1 in 5 for Caucasiange, and 1 in 6 for African
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Americans. High risk groups are represented by those with a
positive family histbry of prostate cancer or African
Americans. Over a lifetime, more than 2/3 of the men
diagnosed with prostate cancer die of the disease (Wingo et
al., 1996, CA Cancer J. for Clin. 46:113-25). Moreover, many
patients who do not succumb to prostate cancer require
continuous treatment to ameliorate symptoms such as pain,
bleeding and urinary obstruction. Thus, prostate cancer also
represents a major cause of suffering and increased health
care expenditures (Catalona, 1994, New Eng. J. Med. 331:996-
1004) .

PSMA is a 120 kDa molecular weight protein
expressed 1n prostate tissues and was originally identified
by reactivity with a monoclonal antibody designated 7E11-C5
(Horoszewicz et al., 1987, Anticancer Res. 7:927-935; U.S.
Patent No. 5,162,504). PSMA was obtained in purified form
(Wright et al., 1990, Antibody Immunoconjugates and Radio
Pharmaceuticals 3:Abstract 193) and characterized as a type
II transmembrane protein having sequence identity with the
transferrin receptor (Israeli et al. 1994, Cancer Res.
54:1807~1811) and with NAALADase activity (Carter et al.,
1996, Proc. Natl. Acad. Sci. U.S.A. 93:749-753). More
importantly, PSMA is expressed in increased amounts 1in
prostate cancer, and elevated levels of PSMA are also
detectable in the sera of these patients (Horoszewicz et al.,
1987, supra; Rochon et al., 1994, Prostate 25:219-223; Murphy
et al., 1995, Prostate 26:164-168; and Murphy et al., 1995,
Anticancer Res. 15:1473-1479). A cDNA encoding PSMA has been
cloned (Israeli et al., 1993, Cancer Res. 53:227-230), and it
produces two alternatively spliced mRNA species: an mRNA
species containing 2,653 nucleotides that encodes PSMA, and a
second mRNA species containing 2,387 nucleotides referred to
as PSM’ (Su et al., 1995, Cancer Res. 55:1441-1443). Prior
to the present invention, it was not known whether PSM’
encoded a protein product or existed only as an untranslated
mRNA species because a PSM’ protein product had never been
detected.
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A recent report by Carter et al. (1996, Proc. Natl.
Acad. Sci. U.S.A., 23:749-753) shows a high degree of
identity between 1428 bases represénting a portion of the
PSMA cDNA and the cDNA sequence of protein N-acetylated a-
linked acidic dipeptidase (NAALADase). NAALADase has
enzymatic activity towards the neuropeptide N-acetylaspartyl
glutamate to yield glutamate and N-acetylaspartate. This
report demonstrates NAALADase activity inherent to PSMA
protein, but the catalytic portion of PSMA was not
identified. NAALADase activity was found in LNCaP cells
which expressed PSMA, but not in PC3 cells which do not
express PSMA. Transfection of the PSMA c¢DNA into PC3 cells
produced NAALADase activity and the presence of PSMA in these
cells.

The difference between the cDNA of PSMA and PSM’ is
the loss of the transmembrane and intracellular coding
regions containing nucleotides #1-171 or amino acids #1-57.
PSMA is described as a type II membrane protein and it is
known that the functional catalytic domain of type II
membrane proteins resides in the C-terminal extracellular
region of the molecule (DeVries, et al., 1995, J. Biol.
Chem., 270:8712-8722).

| PSM’ mRNA is found in greater quantities in normal
prostate tissues as compared with prostate tissues of
patients with benign hyperplasia or prostate cancer (Su et
al., 1995, supra). In contrast, PSMA mRNA 1s found in
greater levels in patients with prostate cancer as compared
to patients without prostate cancer (Su et al., 1995, supra).
This observed difference is consistent with serum protein
levels of PSMA described previously (Horoszewicz et al.,
1987, supra; Rochon et al., 1994, supra; Murphy et al., 1995,
supra; and Murphy et al., 1995, supra). In this connection,
an elevated level of PSMA in sera of prostate cancer patients
has been correlated with disease progression versus
remission, and may be used as a prognostic marker (Murphy et
al., 1995, supra).
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The epitope recognized by monoclonal antibody 7E11-
C5 has been mapped tb the first 6 amino acids of the
intracellular N-terminal region of PSMA (Troyer et al., 1995,
Urol. Oncol. 1:29-37) (Figure 1). Electron
immunocytochemistry using 7E11-C5 has localized its epitope
to the cytoplasm, and specifically to the inner leaf of the
plasma membrane (Troyer et al., 1994, Proc. Am. Assoc. Cancer
Res. 35:283, Abstract 1688). Furthermore, in in vitro tests,
monoclonal antibody 7E11-C5 stains only fixed and
permeabilized cells (Horoszewicz et al., 1987, supra), which
i1s 1n accord with the mapping of the 7E11-C5 epitope to the
N-terminus or intracellular domain of PSMA. While 7E11-C5 is
useful for detecting prostate cancer in vivo which presumably
exposes its epitope through necrosis and/or apoptosis, a
monoclonal antibody specific for the extracellular domain of
PSMA would allow more efficient detection of PSMA on the
cancer cell surface. In addition, monoclonal antibody 7E11-
C5 does not recognize PSM’, since PSM’ lacks the
intracellular domain of PSMA, based on the sequence of its
mRNA transcript.

Citation or identification of any reference in this
section or in any other section of this application shall not
be construed as an admission that such reference 1s available

as prior art to the present invention.

3. SUMMARY OF THE INVENTION

The present invention relates to monoclonal
antibodies specific for the extracellular domain of PSMA,
hybridoma cell lines that produce the antibodies, and methods
of using the antibodies for prostate cancer diagnosis and
treatment, as well as a variant protein form of PSMA known as
PSM’ recognized by such antibodies.

The invention is based, in part, on the Applicants'’
discovery of three monoclonal antibodies that recognize the
extracellular domain of PSMA. One antibody was generated by
immunizing mice with a C-terminal peptide of PSMA having the
amino acid sequence of ESKVDPSK (SEQ. ID NO:1). The antibody

- 4 -
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reacts with PSMA and PSM’ proteins in tumor cell lysates and
in sera of prostate cancer patients. In addition, it stains
intact live tumor cells, confirmiﬁg its specificity for the
extracellular domain of PSMA or PSM’ protein. The antibody
also detects PSM’ in human seminal fluids, and the PSM’
therein exhibits NAALADase activity. Two additional
monoclonal antibodies were generated. against a prostatic
carcinoma membrane preparation. These antibodies also react

with the extracellular domain of PSMA and PSM’, including
native PSMA isolated by immunocaffinity purification and
recombinant PSMA produced by recombinant DNA technology. The
antibodies are useful in combination with an antibody
directed to the intracellular domain of PSMA in a two-site

capture assay to detect the presence of PSMA in a test
sample. Furthermore, all three antibodies disclosed herein

may be used in a two-site capture assay to detect the

presence of PSM’ 1n a test sample.

A wide variety of uses are encompassed by the
present invention, including but not limited to, the
development and use of an immunoassay to detect or stage
prostate cancer in a patient, imaging of primary and/or
metastatic prostate cancer in vivo, therapeutic uses of the
antibodies, including uses of antibodies conjugated to a
cytotoxic or chemotherapeutic agent; and the construction and
use of antibody fragments, chimeric antibodies, humanized

antibodies or bifunctional antibodies.

4. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Deduced amino acid sequences of PSMA and PSM’

antigens (SEQ ID NO:2) (Israeli et al., 1994
Cancer Res. 54:1807-1811). PSM’ mRNA does not
contain the 5' end of the PSMA that would

encode the first 57 amino acids (first line of

amino acid sequence) and thus presumably

begins at amino acid 58. However, prior to
the present invention, PSM’ had never been
identified in its protein form. Underlined

- 5 -
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region is the putative transmembrane domain
and the bold region (amino acid #716-723) is a
peptide selected for monoclonal antibody
development.

Demonstration of monoclonal antibody 3F5.4G6
(a subclone derived from primary hybridoma
3F5) and its reactivity with a protein present
in LNCaP lysate of 120 kDa molecular weight
corresponding to PSMA. Western blot was
developed with HRP-anti-IgG secondary
antibody. Lane 1 = LNCaP lysate probed with
7E11-C5; Lane 2 = LNCaP lysate probed with

3F5.4G6.
Demonstration by Western blot of PSMA 1n sera

of prostate cancer patients (stage D2) using
monoclonal antibodies 3F5.4G6 (Lanes 3 and 4)
and 7E11-C5 (Lanes 1 and 2) as control.
Western blot assay of LNCaP lysates using
monoclonal antibodies 7E11-C5 (Lane 1) and
3F5.4G6 (Lane 2) and developed with HRP-anti-
IgM secondary antibody. Both 7E11-C5 and
3F5.4G6 recognized a protein of molecular
weight 120 kDa. In addition, 3F5.4G6 also
recognized a protein of 105-110 kDa molecular
weight corresponding to the predicted protein
form of PSM/. It should be noted that 7E11-C5
did not recognize PSM’ because the epitope of
7E11-C5 monoclonal antibody was not found 1in
PSM’. Antibody 3F5.4G6 recognizes the C-
terminal portion of the protein (amino acid
#716-723), which corresponds to the

extracellular domain of PSMA and PSM’.
Demonstration that monoclonal antibodies 7E11-

Cc5 and 3F5.4G6 recognized an identical protein
but that 3F5.4G6 recognized an additional

protein corresponding to PSM’. LNCaP lysate
was initially immunoprecipitated with 7E11-C5

- 6 -
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monoclonal antibody and the immunoprecipitated
material separated on SDS gels and probed in a
Western blot assay with either 7E11-C5 (lanes
1-4) or with 3F5.4G6 (Lanes 5-8) monoclonal
antibodies. Lanes 1 and 5 were crude LNCaP
lysate; Lanes 2 and 6 were precleared LNCaP
lysate; Lanes 3 and 7 were material which
immunoprecipitated with 7E11-C5 monoclonal
antibody; and Lanes 4 and 8 were proteins left
in the previously immunoprecipitated LNCaP
lysate. Antibody 7E11-C5 immunoprecipitated a
protein of 120 kDa (Lane 3), which was also
recognized by 3F5.4G6 (Lane 7). However,
after 7E11-C5 immunoprecipitation, a second
protein was recognized by 3F5.4G6 (Lane 8)
that was not precipitated by 7E11-C5 (Lane 4),
and which corresponded to PSM’. Thus, 7E11-C5
does not recognize PSM’.

Demonstration that monoclonal antibodies 7El11-
C5 and 3F5.4G6 recognized an identical 120 kDa
protein. PSMA from an LNCaP lysate was
immunoprecipitated by monoclonal antibody
3F5.4G6, the proteins in the immunoprecipitate
were separated on a SDS gel, transferred to
Immobilon P and probed in a Western blot with
monoclonal antibody 7E11-C5. Lane 1 = LNCaP
lysate control and probed with 7E11-C5; Lane

2 = 3F5.4G6 immunoprecipitation.

Demonstration by FACS analysis of 3F5.4Gé6
monoclonal antibody recognition of live LNCaP
cells illustrating antibody binding to the
extracellular domain of PSMA. Fig. 7A
represents control with no primary antibody;
and Fig. 7B represents LNCaP cells incubated
with 100 ug/ml of 3F5.4G6 prior to FACS
analysis. The shift to the right indicates
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binding of the antibody to the live LNCaP
cells. |

Demonstration of the reactivity of monoclonal
antibody 3F5.4G6 with PSM’ 1isolated and
purified from seminal fluid. ILane 1 is LNCaP
lysate and Lane 2 is purified PSM’ from
seminal fluid. Proteins were separated on SDS
polyacrylamide gels and transferred to
Immobilon P paper and probed with monoclonal
antibody 3F5.4G6 by Western blot procedures.
The protein purified from seminal fluid and
represented in Lane 2 is of molecular weight
90kDa, which is likely to be a non-
glycosylated or partially glycosylated product
of PSM’ having a molecular weight of 105-
110KkDa.

Demonstration of the reactivity of monoclonal
antibodies 3D7-1.1 and 4E10-1.14 with native
PSMA and three PSMA fragments. Microtiter 96-
well plates were coated with native PSMA or
one of three bacterially-expressed polypeptide
fragments of PSMA, and reacted with hybridoma
supernatants in an ELISA. While all three
tested antibodies showed comparable binding to
native PSMA, 3D7-1.1 and 4E10-1.14 reacted
strongly with a fragment corresponding to an
epitope in the extracellular domain of PSMA.
Western blot analysis of PSMA using monoclonal
antibodies 3D7-1.1. Lane 1=LNCaP lysate; Lane
2=PC-3 lysate; Lane 3=immunoaffinity-purified
PSMA.

Western blot analysis of full-length
baculovirus-expressed PSMA. Recombinant PSMA
was electrophoresed on SDS-PAGE gel,
electroblotted and probed with various

antibody preparations.
Lane 1 = blank;
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Lane 2 = control medium (20% FCSin RPMI 1640;
Lane’3 = 3D7-1.1 monoclonal antibody;

Lane 4 = 3D7-1.2 monoclonal antibody;

Lane 5 = 3D7-1.3 monoclonal antibody;

Lane 6 = 3D7-1.7 monoclonal antibody;

Lane 7 = 3D7-2.7 monoclonal antibody;

Lane 8 = 4E10 (parent) monoclonal antibody;
Lane 9 = 4E10-1.3 monoclonal antibody;

Lane 10 = 4E10-1.14 monoclonal antibody;

Lane 11 = blank;

Lane 12 = blank;

Lane 13 = 7E11-C5 monoclonal antibody.
Demonstration by FACS analysis of 3D7-1.1 and
4E10-1.14 monoclonal antibody recognition of
live LNCaP cells, illustrating antibody
binding to the extracellular domain of PSMA.
Figure 12A represents LNCaP cells incubated
with 4E10-1.14. Figure 12B represents PC-3
cells incubated with 4E10-1.14. Figure 12C
represents LNCaP cells incubated with 3D7-1.1.
Figure 12D represents PC-3 cells incubated
with 3D7-1.1. The different patterns in the
shift to the right in Figure 12A and 12C
suggest that the two antibodies may recognize
different epitopes of PSMA.

Detection of PSMA by a two~site capture ELISA
using two monoclonal antibodies to distinct
epitopes of PSMA. Serially-diluted
immunoaffinity-purified PSMA was added to
7E11-C5-coated 96 well plates and detected by
incubating with 3D7-1.1 or 4E10-1.14
supernatants. The absorbance at 405 mm was
measured in a microplate reader. —@— =
3D7-1.1; -l = 4E10-1.14.

Detection of PSMA in a variety of biological
samples by a two-site capture ELISA using 3D7-
1.1 and 4E10-1.14 monoclonal antibodies.

- 0 -
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Detection of immunoaffinity-purified PSMA
serially diluted in normal human serum by a
two-site capture ELiSA using 3D7-1.1 and 4E10-
1.14 monoclonal antibodies.

Detection of PSMA by an alternate two-site
capture ELISA. Serially diluted
imuno;,ffinity purified PSMA was added to 3D7-
l.1-coated 96 well plates and detected by
incubating with biotinylated 7E11-C5 (40
ug/ml) followed by horse radish peroxidase
conjugated streptavidin. The absorbance at

405 nm was measured in a microplate reader.
7E11-C5 was biotinylated using E-Z link
Biotinylation kits™(Pierce) according to
manufacturer's instructions.

Western blot analysis of LNCaP cell lysate and
various fractions of a seml-purified PSMA
fragment (corresponding to amino acids 134 to
750 of full length PSMA expressed as a 1.9 kb
insert in a baculovirus expression system)
probed with tissue culture supernatant from
the 4E10-1.14 hybridoma. The identification
of the protein product from the 1.9 kb
construct (amino acids 134-750 of PSMA) is
noted by the arrow.

Lane 1 = Markers; Lane 2 = LNCaP cell crude
lysate; Lane 3 = Viral pellet, i.e., 100,000
xg pellet of lysed SF9 cells infected with
baculovirus expressing 1.9 kKb PSMA fragment;
Lane 4 = 100,000 xg supernatant fraction from
lysed SF9 cells infected with baculovirus
expressing 1.9 kb PSMA fragment; Lane 5 = Flow
thru of fraction shown in Lane 4 after passage
through a Ni-NTA matrix; Lane 6 = 0.5M NaCl
elution of Ni~NTA matrix; Lane 7 = 1M
imidazole, pH 7.6 elution of Ni~-NTA matrix;
Lane 8 = Flow thru of fraction shown in Lane 4

- 10 -



WO 97/35616
S5
Figure 18.
10
15

20 Figure 19,

CA 02250141 1998-09-25

PCT/US97/05214

after passage through a Ni-NTA matrix; Lane 9
="0.5ﬁ NaCl elution of Ni-NTA matrix; and Lane
10 = 1M imidazole, pH 7.6 elution of Ni-NTA
matrix. Also note in Lane 2 reactivity of
4E10-1.14 monoclonal antibody with native full
length PSMA expressed in LNCaP cells.

Western blot of crude lysates of SF9 cells
infected with a baculovirus containing either
an irrelevant insert or a 1.9 kb insert
encoding a portion of PSMA (amino acids 134-

750 of full length PSMA) probed with antibody
7E11-C5. Lanes 1,2 = MW markers; Lane 3 =

irrelevant virus infected SF9 cell lysate;
Lane 4 = SF9 cell lysate; and Lane 5 = 1.9kb
PSMA insert containing virus infected SF9

lysate. Note that no 7E11-CS positive bands
were observed with any protein products

present in SF9 cells or those infected with
either virus.

Western blot of PSMA and PSM’ obtained from
LNCaP cells, human seminal fluid and human
serum probed with monoclonal antibody 3D7~1.1.
Lane 1 = LNCaP cell lysate; Lane 2 = 7E11-C5
immunoaffinity purified PSMA from LNCaP cells;

25 Lane 3 = human seminal fluid; and Lane 4 =
human male serum. The positions of PSMA and
PSM’ are indicated.
DETAILED DESCRIPTION OF THE INVENTION

30 The present invention relates to monoclonal

antibodies specific for the extracellular domain of PSMA,

methods of using such antibodies and a truncated protein

variant, PSM’, identified by such antibodies. Although the
specific procedures and methods described herein are
35 exemplified using a C-terminal peptide or a PSMA-expressing

tumor membrane preparation to immunize mice, they are merely

illustrative for the practice of the invention. Analogous

-11...
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procedures and techniques are equally applicable to a variety
of animal hosts immunized against PSMA in the form of
protein, peptides, cell surface antigen and crude membrane

preparations.

5.1 HYBRIDOMA CELL LINES AND ANTIBODY PRODUCTION

In a specific embodiment by the way of example in
Section 6, infra, a synthetic peptide derived from the C-
terminal region of PSMA was used as an immunogen. The
results show that one antibody designated 3F5.4G6 binds to
the extracellular domain of PSMA, which is exposed on the
cell surface of live prostate cancer cells and in the sera of
prostate cancer patients. Additionally, a second working
example in Section 7, infra, demonstrates the production of
two monoclonal antibodies directed to the extracellular
domain of PSMA following immunization of animals with a PSMA-
expressing tumor membrane preparation. In this connection,
cancer cells such as LNCaP that express PSMA, host cells
transfected with PSMA coding sequence, purified PSMA, PSM’ or
PSMA extracellular domain peptides may be used as immunogen
to elicit an immune response in animal hosts for the
generation of monoclonal antibodies specific for the
extracellular domain of PSMA.

Somatic cells with the potential for producing
antibody and, in particular B lymphocytes, are suitable for
fusion with a B-cell myeloma line. Those antibody-producing
cells that are in the dividing plasmablast stage fuse
preferentially. Somatic cells may be obtained from the lymph
nodes, spleens and peripheral blood of antigen-primed
animals, and the lymphatic cells of choice depend to a large
extent on their empirical usefulness in the particular fusion
system. Once-primed or hyperimmunized animals can be used as
a source of antibody-producing lymphocytes. Mouse
lymphocytes give a higher percentage of stable fusions with
the mouse myeloma lines described below. Of these, the
BALB/c mouse is preferred. However, other mouse strains,
rabbit, hamster, sheep and frog may also be used as hosts for
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preparing antibody-producing cells. As reviewed by Goding
(in Monoclonal Antibodies: Principles and Practice, 2d ed.,
pp. 60-61, Orlando, Fla, Academic Press, 1986), use of rat
lymphocytes may provide several advantages.

Alternatively, human somatic cells capable of
producing antibody, specifically B lymphocytes, are suitable
for fusion with myeloma cell lines. While B lymphocytes from

biopsied spleens, tonsils or lymph nodes of individual may be
used, the more easily accessible peripheral blood B

lymphocytes are preferred. The lymphocytes may be derived
from patients with diagnosed prostate carcinomas. In
addition, human B cells may be directly immortalized by the
Epstein-Barr virus (Cole et al., 1995, Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96).

Myeloma cell lines suited for use in hybridoma-
producing fusion procedures preferably are non-antibody-
producing, have high fusion efficiency, and enzyme
deficiencies that render them incapable of growing in certain
selective media which support the growth of the desired
hybridomas. Examples of such myeloma cell lines that may be
used for the production of fused cell hybrids of the
invention, include P3-X63/Ag8, X63-Ag8.653, NS1/1.Aq 4.1,
Sp210-Agl4, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7, S194/5XX0
Bul, all derived from mice; R210.RCY3, Y3-Ag 1.2.3, IR983F
and 4B210 derived from rats and U-266, GM1500-GRG2, LICR-LON-
HMy2, UC729-6, all derived from humans (Goding in Monoclonal
Antibodies: Principles and Practice, 2d ed., pp. 65-66,
Orlando, Fla, Academic Press, 1986; Campbell, in Monoclonal
Antibody Technology, Laboratory Techniques in Biochemistry
and Molecular Biology Vol. 13, Burden and Von Knippenberg,
eds. pp. 75-83, Amsterdam, Elseview, 1984).

Methods for generating hybrids of antibody-
producing spleen or lymph node cells and myeloma cells
usually comprise mixing somatic cells with myeloma cells in a

35 2:1 proportion (though the proportion may vary from about

20:1 to about 1:1), respectively, 1n the presence of an agent
or agents (chemical or electrical) that promote the fusion of

- 13 =




10

15

20

25

30

35

CA 02250141 1998-09-25

WO 97/35616 PCT/US97/05214

cell membranes. It is often preferred that the same species
of animal serve as the source of the somatic and myeloma
cells used in the fusion procedure. Fusion methods have been
described by Kohler and Milstein (1975, Nature 256:495-497;
1976, Eur. J. Immunol. 6:511-519), and by Gefter et al.

(1977, Somatic Cell Genet. 3:231-236). The fusion-promotion
agents used by those investigators were Sendal virus and
polyethylene glycol (PEG), respectively. Fusion methods
reviewed by Goding (1986, in Monoclonal Antibodies:

Principles and Practice, 2d ed., pp. 71-74, Orlando, Fla,
Academic Press), including the above as well as electrically

induced fusion are also suitable to generate monoclonal

antibodies of the invention.
Fusion procedures usually produce viable hybrids at

very low frequency, about 1 x 10° to 1 x 10” somatic cells.
Because of the low frequency of obtaining viable hybrids, it
is essential to have a means to select fused cell hybrids
from the remaining unfused cells, particularly the unfused
myeloma cells. A means of detecting the desired antibody-
producing hybridomas among the other resulting fused cell
hybrids 1s also necessary.

Generally, the fused cells are cultured in
selective media, for instance HAT medium containing
hypoxanthine, aminopterin and thymidine. HAT medium permits
the proliferation of hybrid cells and prevents growth of
unfused myeloma cells which normally would continue to divide
indefinitely. Aminopterin blocks de novo purine and
pyrimidine synthesis by inhibiting the production of
tetrahydrofolate. The addition of thymidine bypasses the
block in pyrimidine synthesis, while hypoxanthine is included
in the media so that inhibited cells synthesize purine using
the nucleotide salvage pathway. The myeloma cells employed
are mutants lacking hypoxanthine phosphoribosyl transferase
(HPRT) and thus cannot utilize the salvage pathway. In the
surviving hybrid, the B lymphocyte supplies genetic
information for production of this enzyme. Since B
lymphocytes themselves have a limited life span in culture
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(approximately two weeks), the only cells which can
proliferate in HAT media are hybrids formed from myeloma and

spleen cells.
To facilitate screening of antibody secreted by the

hybrids and to prevent individual hybrids from overgrowing
others, the mixture of fused myeloma and B lymphocytes is
diluted in HAT medium and cultured in multiple wells of
microtiter plates. In two to three weeks, when hybrid clones
become visible microscopically, the supernatant fluid of the
individual wells containing hybrid clones is assayed for
specific antibody. The assay must be sensitive, simple and
rapid. Assay techniques include radioimmunoassays, enzyme
immunoassays, cytotoxicity assays, plaque assays, dot
immunobinding assays, and the like.

Once the desired fused cell hybrids have been
selected and cloned into individual antibody-producing cell
lines, each cell line may be propagated in either of two
standard ways. A sample of the hybridoma can be injected
into a histocompatible animal of the type that was used to
provide the somatic and myeloma cells for the original
fusion. The injected animal develops tumors secreting the
specific monoclonal antibody produced by the fused cell
hybrid. The body fluids of the animal, such as serum or
ascites fluid, can be tapped to provide monoclonal antibodies
in high concentration. Alternatively, the individual cell
lines may be propagated in vitro in laboratory culture
vessels; the culture medium, also containing high
concentrations of a single specific monoclonal antibody, can
be harvested by decantation, filtration or centrifugation.

Monoclonal antibodies or purified fragments of the
monoclonal antibodies having at least a portion of an antigen
binding region, including such as Fv, F(ab'),, Fab fragments
(Harlow and Lane, 1988, Antibody, Cold Spring Harbor), single
chain antibodies (U.S. Patent 4,946,778), chimeric or
humanized antibodies (Morrison et al., 1984, Proc. Natl.
Acad. Sci. USA 81:6851; Newuberger et al., 1984 Nature
81:6851) and complementarily determining regions (CDR) may be
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prepared by conventional procedure. Purification of the
antibodies or fragments can be accomplished by a variety of
methods known to those of skill including, precipitation by
ammonium sulfate or sodium sulfate followed by dialysis
against saline, ion exchange chromatography, affinity or
immunoaffinity chromatography as well as gel filtration, zone
electrophoresis, etc. (see Goding in, Monoclonal Antibodies:
Principles and Practice, 2d ed., pp 104-126, Orlando, Fla,
Academic Press).

5.2 CHARACTERIZATION OF MONOCLONAL
ANTIBODIES AND PSM’

Using techniques described generally in Section 5.1
supra and illustrated in the Sections 6 and 7, infra, three
hybridoma cell lines were selected because of their
production of monoclonal antibodies specific for the
extracellular domain of PSMA. The present invention
encompasses the 35F.4G6, 3D7-1.1 and 4E10-1.14 antibodies as
well as other monoclonal antibodies that bind specifically to
the extracellular domain of PSMA and PSM’, particularly
including any antibodies that competitively inhibit the
binding of any one or more of the aforementioned three
antibodies to PSMA as assessed in an enzyme immunoassay, a

radioimmunoassay or any other competitive binding

immunoassay.
Antibody 3F5.4G6 is an IgM isotype antibody that

binds specifically to PSMA expressed in prostate cancer cell
lysates and on the cell surface of prostate cancer cells, as
well as in sera obtained from prostate carcinoma patients.
In addition, 3F5.4G6 also binds specifically to PSM’. The
3F5.4G6-reactive PSMA epitope is extracellular, C-terminal
and distinct from that recognized by 7E11-C5 (Horoszewilicz et
al., Anticancer Res. 7:927-936) which is membrane associated
in the cytoplasm of the cell. Antibodies 3D7-1.1 and 4E10-
1.14 are also IgM antibodies and bind to PSMA expressed 1in
prostate cancer cell lysates and on the cell surface. These
antibodies may be used to detect both primary prostate cancer
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and metastatic tumors such as bone metastases of prostate
cancer. | |

During the development of an antibody response,
antibody-producing cells first secrete the IgM isotype which
eventually switches to IgG. Such class switching events
occur by DNA rearrangement of constant region genes so that
the same antigen specificity is retained. The different
antibody isotypes possess different effector functions. For
example, IgM and all IgG subclasses except IgG4 can fix
complement upon antigen binding. In contrast, IgE binds to
mast cells in an allergic reaction to trigger histamine
release.

Hybridoma cell lines also produce class switch
variants during long-term culture. In particular, monoclonal
antibodies switching from IgM to IgG or IgG, to IgG,, have been
selected for their higher affinity for protein A, which
facilitates their purification. Any class switch variant may
be selected for a particular desirable effector function
(Spira et al., 1985, In Hybridoma Technology 1in the
Biosciences and Medicine, ed. Springer, pp. 77-88, Plenum
Press, NY; Harlow and Lane, 1988 Antibodies, Cold Spring
Harbor Laboratory). In the case of the exemplified
antibodies, since they are of IgM isotype, it 1s desirable to
also select for IgG variants that possess the same antigen
specificity, which may be more useful for certain purposes in
vitro or in vivo. The present invention encompasses IgG
variants of the monoclonal antibodies of the invention,
including 3F5.4G6, 3D7-1.1 and 4E10-1.14.

Sections 6 and 7, infra, show that the exemplified
antibodies recognize a 120 kDa molecular weight protein. 1In
particular, 3F5.4G6 also recognizes a 105-110 kDa molecular
weight protein in prostate tumor cell lysates. While the 120
kDa protein is also recognized by antibody 7E11-C5, the lower
molecular weight protein is detected only by antibodies |
3F5.4G6, 3D7-1.1 and 4E10-1.14. Therefore, the 105-110 kDa
protein represents the product of a mRNA known as PSM’.
However, prior to the present invention, a PSM’ protein was
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never reported, and it was thought to be an untranslated
mRNA. Since the amino acid sequence of PSM’ is presumed to
lack the cytoplasmic and transmembrane regions of PSMA as
deduced from its RNA sequence, it is consistent that 7El11-C5
would not react with this product because of its specificity
for an intracellular epitope. In contrast, antibodies
3F5.4G6, 3D7-1.1 and 4E10-1.14 specific for the extracellular
domain of PSMA, also recognize PSM’.

5.3 CODING SEQUENCES OF PSMA-SPECIFIC
MONOCLONAL ANTIBODIES

In another embodiment of the invention, the
exemplified hybridoma cell lines may be used to produce
compositions comprising an antigen binding site or antibody
variants which combine the murine variable or hypervariable
regions with the human constant region or constant and
variable framework regions, i.e., chimeric or humanized
antibodies as well as humanized antibodies that retain only
the antigen-binding CDRs from the parent antibody in
association with human framework regions (see, Waldmann,
1991, Science 252:1657, 1662, particularly 1658-59 and
references cited therein). Such chimeric or humanized
antibodies retaining binding specificity of the murine
antibody are expected to have reduced immunogenicity when
administered in vivo for diagnostic, prophylactic or
therapeutic applications according to the invention.

In yet other embodiments, the invention encompasses
the use of the hybridoma cell lines as a source of DNA or
mRNA encoding for the rearranged, activated immunoglobulin
genes, which may be isolated, cloned by known recombinant DNA
techniques and transferred to other cells for the production
of antigen binding fragments specific for the extracellular
domain of PSMA. By isolating rearranged DNA or preparing
cDNA from the messenger RNA of the hybridoma cell line of the
invention, a sequence free of introns may be obtained.

To illustrate, and not by way of limitation, an
immunoexpression library can be prepared and screened for
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antibody binding fragments for PSMA and PSM’ as follows (See,
Huse et al., 1989, Sci. 246:1275-1281; Mullinax et al., 1990,
Proc. Natl Acad. Sci. USA 87:8045-8099). Total RNA can be
purified (e.gq., using commercially available kits) and
converted to cDNA using an oligo (dT) primer for the light
(L) chain and a specific primer for the heavy (H) chain using
reverse transcriptase. Polymerase chain reaction (PCR)
amplification of the immunoglobulin H and L chain sequences
can be done separately with sets of primer pairs. Upstream
primers can be designed to hybridize to partially conserved
sequences in the leader and/or framework regions of Vy or V,

and downstream primers can be designed to hybridize to
constant domain sequences. Such primers would preserve full
length L chain and provide H chains corresponding to the Fd
of IgG and conserving the H-L disulfide bonds. The PCR
amplified LL and H DNA fragments are then digested and
separately ligated into H and L chain vectors. Such vectors
contain a pelB leader sequence, a ribosome binding site and
stop codons. Suitable A phage vectors for expression in E.
coli can be prepared from commercially available vectors
(ImmunoZAP L, ImmunoZAP H; Stratacyte, La Jolla, CA). The
ligated recombinant phage DNA is incorporated into
bacteriophage with in vitro packaging extract and used to
infect E. coli. The immunoexpression library thus created is
screened for antigen binding fragments using PSMA, PSM’ or a
specific peptide thereof. Positive clones can be screened
and identified as described by Mullinax et al. (supra).

S.4 USES OF PSMA EXTRACELLULAR DOMAIN-SPECIFIC
ANTIBODIES AND ANTIBODY COMPOSITIONS

Although the specific procedures and methods
described herein are exemplified using the monoclonal
antibodies of the invention, they are merely illustrative for
the practice of the invention. Purified fragments of the
monoclonal antibodies having at least a portion of the
antigen-binding region, including Fv, F(ab')2, Fab fragments,
single chain antibodies, chimeric or humanized antibodies or
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CDRs can be used in the procedures and methods described
below according to the present invention.

S.4.1 IMMUNOHISTOLOGICAL AND
IMMUNOCYTOLOGICAL APPLICATIONS

Monoclonal antibodies of the present invention can
be used to detect prostate carcinoma cells in histological
and cytological specimens, and, in particular, to distinguish
malignant tumors from normal tissues and non-malignant
tumors. Tissue specimens may be stained by the antibodies
and their binding detected by a second antibody conjugated to
a label such as peroxidase, fluorescein, alkaline
phosphatase, and the like.

In addition, immunofluorescence techniques can use
the monoclonal antibodies of the present invention to examine
human tissue, cell and bodily fluid specimens. In a typical
protocol, slides containing cryostat sections of frozen,
unfixed tissue biopsy samples or cytological smears are air
dried, formalin or acetone fixed, and incubated with the
monoclonal antibody preparation in a humidified chamber at
room temperature.

The slides are then washed and further incubated
with a preparation of antibody directed against the
monoclonal antibody, usually some type of anti-mo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>