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Abstract

Current treatments for advanced stage, hormone-resistant
prostate cancer are largely ineffective, leading to high
patient mortality and morbidity. To fulfill this unmet medi-
cal need, we used global gene expression profiling to iden-
tify new potential antibody-drug conjugate (ADC) targets
that showed maximal prostate cancer-specific expression.
TMEFF2, a gene encoding a plasma membrane protein
with two follistatin-like domains and one epidermal growth
factor - like domain, had limited normal tissue distribution
and was highly overexpressed in prostate cancer. Immu-
nohistochemistry analysis using a specific monoclonal
antibody (mAb) to human TMEFF2 showed significant pro-
tein expression in 74% of primary prostate cancers and
42% of metastatic lesions from lymph nodes and bone that
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represented both hormone-naive and hormone-resistant
disease. To evaluate anti-TMEFF2 mAbs as potential
ADCs, one mAb was conjugated to the cytotoxic agent
auristatin E via a cathepsin B-sensitive valine-citrulline
linker. This ADC, Pr1-vcMMAE, was used to treat male
severe combined immunodeficient mice bearing xeno-
grafted LNCaP and CWR22 prostate cancers expressing
TMEFF2. Doses of 3 to 10 mg/kg of this specific ADC
resulted in significant and sustained tumor growth inhi-
bition, whereas an isotype control ADC had no significant
effect. Similar efficacy and specificity was shown with
huPr1-vcMMAE, a humanized anti-TMEFF2 ADC. No overt
in vivo toxicity was observed with either murine or human
ADC, despite significant cross-reactivity of anti-TMEFF2
mAb with the murine TMEFF2 protein, implying minimal
toxicity to other body tissues. These data support the
further evaluation and clinical testing of huPr1-vcMMAE
as a novel therapeutic for the treatment of metastatic and
hormone-resistant prostate cancer. [Mol Cancer Ther
2004;3(8):921-32]

Introduction
Prostate cancer kills 30,000 men every year in the United
States and is the second leading cause of cancer death among
American males (see http://www.cancer.org/docroot/
STT/stt_0.asp). Locally confined disease is often successful-
ly treated with surgery (radical prostatectomy) and/or
radiotherapy. However, nearly 30% of patients relapse with
distant metastases to bone and other organs. Hormone
ablation therapy is the primary therapeutic option for
advanced disease but ultimately leads to the incurable
hormone-resistant form of prostate cancer (1). Although some
taxol-based therapies are in experimental phase of devel-
opment for hormone-independent disease (2-4), prostate
cancer is relatively resistant to current chemotherapies (5).
One of the many approaches under evaluation for the
treatment of cancers in experimental systems and the clinic
is the use of antibody-drug conjugates (ADC; refs. 6-14).
The strategy of this approach is to target a cancer-specific
antigen with a highly specific antibody that can deliver a
toxic payload to the cancer cell. This specific targeting of
cancer cells allows for the toxic payload to possess much
greater potency than conventional cancer chemotherapeu-
tics while reducing the risk of toxic side effects (11). Ideally,
and by one strategy (9), the potent drug is internalized via
the antibody-antigen complex released within the cell and
specifically kills the cancer cells. To minimize toxic side
effects, it is critical that the molecular target is not ex-
pressed in essential organs that are accessible to circulating
antibodies. In addition, the target must be at the plasma
membrane of cancer cells to allow antibody access and
preferably should not be shed into the serum, which might
create a potential sink for the therapeutic ADC.

Mol Cancer Ther 2004;3(8). August 2004

CSPC Exhibit 1028

Page 1 of 12

¥Z0g Joquisoaq gz U Jasn Asianiun Ja|jaJey00y Aq Jpd-Ze6-126/259898 /1 26/8/6/JPd-alonefow/Bio"s|eunolioee)/:dny woly papeojumoq



922 Pr1-veMMAE Validation and Treatment of Prostate Cancer

Recent advances in gene expression profiling have led
to the identification of numerous cancer-specific antigens,
some of which may show suitable selectivity to function
as an ADC target in prostate cancer (8, 15-19). We com-
bined gene expression profiling of prostate cancer and
normal human body tissues with bioinformatics analysis
to select the best possible ADC targets for prostate cancer.
One of these genes encodes the TMEFF2 protein (20),
also known as tomoregulin (21), TPEF (22), and TENB2
(23). Little is known about the biological function of
TMEFE2, although an experimentally generated soluble
form of TMEFF2 extracellular domain activates HER4
kinase activity in MKN28 gastric cancer cells (21) and
promotes the survival of central nervous system neurons
in culture (20).

Here, we report that TMEFF2 is highly expressed in
prostate cancer at all stages of the disease including meta-
stastic and hormone-independent disease. We also show
that TMEFF2 is a strong candidate for an ADC-based
therapeutic approach, particularly due to its rapid inter-
nalization into cancer cells when ligated with an anti-
body and/or an ADC. When auristatin E, a drug related
to the dolastatin 10 family of microtubule inhibitors (8-10),
was conjugated to anti-TMEFF2-specific antibodies, this
ADC specifically killed TMEFF2-expressing cancer cells
in vitro and significantly inhibited prostate cancer xeno-
graft growth in vivo, with no signs of overt toxicity to the
mice. Specifically, auristatin E was conjugated to anti-
TMEFF2 antibodies via a cathepsin B-sensitive linker,
creating an ADC with an average of seven to eight drug
molecules per antibody. Internalization of the ADC into
cathepsin B-rich vesicles results in liberating the drug
inside the cells as described (8-10). The selected anti-
TMEFF2 monoclonal antibody (mAb) recognizes both
murine and human proteins with similar affinities, mak-
ing the lack of detectable toxicity in mice treated with
the ADC more significant. Our preclinical results validate
anti-TMEFF2 ADC as a potential therapeutic for the
treatment of metastatic and hormone-resistant prostate
cancer.

Materials and Methods

DNA Microarray Analysis

Primary tumor tissue from 74 prostate cancer patients
and 347 samples of nonmalignant adult tissues were col-
lected and processed for gene expression profiling using
Hu03, a customized Affymetrix GeneChip (Santa Clara,
CA), as published previously (8, 19, 24). The clinical param-
eters of the radical prostatectomy cohort, gene array data
on the prostate cancer cohort, data mining methods for
cancer antigens, and bioinformatics analysis were describ-
ed previously in detail (8, 19, 24).

To identify prostate cancer genes, gene expression ratios
of prostate cancer to normal body tissues were calculated
for all 59,619 probesets on the Hu03. After sorting all
probesets by ratio, genes with the highest prostate cancer
to normal adult tissue expression ratios were selected for

further evaluation if their encoded sequences contained
predicted transmembrane domains and/or other structural
domains that suggested localization of the gene product to
the plasma membrane.

Cloning of TMEFF2 and Generation of TMEFF2-Fc
Fusion

Total RNA was isolated from LNCaP cells using TRIzol
reagent (Invitrogen, Carlsbad, CA). cDNA was produced
from total RNA (1 pg) using SuperScript II (Invitrogen).
The TMEFF2 ¢cDNA was cloned from LNCaP cDNA (50 ng)
using PCR containing Advantage II polymerase (BD
Biosciences Clontech, Palo Alto, CA) and the two outside
primers TMEFF2 RT 5-TTGCTGCTGCAGAGTTGCAC-
GAAC and TMEFF2 RT 3-AGTCCAGCCACTGTGAAA-
CATGCTC followed by nested PCR using the cloning
primers TMEFF2 5-AGGTTAATTAACATGGTGCTGTG-
GGAGTCCCC and TMEFF2-Fc 3-TAAGCGGCCGCTCG-
TACAGGACCGGGAACAACG. The products of this
reaction were cloned into Pacl (5)/NotI (3) sites of a mod-
ified pPBMN-Z-I-Blast vector (G. Nolan, Stanford Universi-
ty, Stanford, CA), resulting in an in-frame fusion between
the extracellular domain of the TMEFF2 gene and the
constant region of the human IgG 1 heavy chain gene.

Murine TMEFF2 was cloned by PCR using clone 1397175
from the Integrated Molecular Analysis of Genomes and
Their Expression Consortium as template and the two
outside primers Mu TMEFF2 RT 5-TTCTTCAGAAGC-
CTTTGGTTGCTGC and Mu TMEFF2 RT 3-TAGTCCAA-
GCTGTTGGTTGTCCGG followed by nested PCR using
the cloning primers Mu TMEFF2 Cloning 5-AGGTTAAT-
TAACATGGTGCTGTGGGAGTCCCC and Mu TMEFF2-Fc
3-TATGCGGCCGCGCCAGGAACAACGTAGAGAACAC.
Rat TMEFF2 was cloned by PCR using total rat brain RNA
(BD Biosciences Clontech) as template and the two outside
primers rat TMEFF2 1F 5-TTGCTGCTGCAGAGT-
TGCACGAAC and rat TMEFF2 1F 3-AGTCCAGCCACT-
GTGAAACATGCTC followed by nested PCR using the
cloning primers Mu TMEFF2 Cloning 5-AGGTTAATTAA-
CATGGTGCTGTGGGAGTCCCC and Mu TMEFF2-Fc 3-
TATGCGGCCGCGCCAGGAACAACGTAGAGAACAC
(sequence of murine and rat TMEFF2 are identical in these
regions). Rat and murine TMEFF2-Fc fusions were gener-
ated as described above for human TMEFF2.

Generation of Anti-TMEFF2 Antibodies

Female BALB/c mice (Taconic Farms, Germantown, PA)
were immunized with TMEFF2-Fc fusion protein. mAbs
were generated by standard techniques with spleen cells
being fused to the P3X_63_Ag8.653 fusion partner (Amer-
ican Type Culture Collection, Manassas, VA). A panel of
TMEFE2-specific antibodies were identified using a vari-
ety of techniques including ELISA on TMEFF2 protein,
Western blotting, and fluorescence-activated cell sorting
analysis on TMEFF2-expressing cell lines.

Kinetic Analysis of Anti-TMEFF2 Antibodies by
Surface Plasmon Resonance

Kinetics measurements between human TMEFF2-Fc
fusion protein and TMEFF2 mADb Pr1#19 were done using
BIAcore 3000 (BIAcore, Piscataway, NJ). Pr1#19 was
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immobilized with 100 resonance units on a research-grade
CM5 sensor chip by the BlAcore amine coupling re-
agents [N-ethyl-N'-dimethylaminopropylcarbodiimide, N-
hydroxysuccinimide, and ethanolamine HCI (pH 8.5)].
Assays were run at a flow rate of 30 pL/min at room
temperature. A three-minute association phase of each
TMEFE2-Fc was followed by 10-minute injection of running
buffer [10 mmol/L HEPES, 300 mmol/L NaCl, 3 mmol/L
EDTA, 0.05% P-20 (pH 7.4)] to monitor dissociation. The
mAb surface was regenerated with NaOH (25 mmol/L).
The binding kinetics of each TMEFF2-mAb pair was
calculated from the data at six different concentrations
(2,048, 512, 128, 32, 8, and 2 nmol/L) of TMEFF2-Fc analyte
using the BIAevaluate program. Double referencing was
applied in each analysis to eliminate background responses
from reference surface and buffer-only control. The affinity
(Kp) of binding was obtained by simultaneously fitting the
association and dissociation phases of the sensorgram from
the analyte concentration series using the bivalent analyte
model from the BIAevaluate software.

Cross-reactivity of TMEFF2 from different species
(mouse, rat, and human) with Pr1#19 was determined by
comparing their affinities using each species” TMEFF2-Fc
as analyte onto the Pr1#19 surface.

Cloning of Hybridoma Variable Domains and Genera-
tion of Chimeric and Humanized IgG1/x Antibody

c¢DNAs encoding variable heavy and light domains of the
Pr1#19 antibody were cloned from hybridoma cells. Total
RNA was prepared using the RNeasy kit (Qiagen, Valencia,
CA), and cDNA was prepared from total RNA using a
SMART RACE kit (BD Biosciences Clontech). Variable
heavy and light domains were PCR amplified from cDNA
using 5 RACE primers and 3 primers complementary
to murine IgGl and « constant domains, and the PCR
fragments were cloned into the pCR4 Blunt TOPO vector
(Invitrogen). The cloned variable heavy and light domains
were reamplified by PCR using primers to append
appropriate flanking restriction endonuclease sites for
cloning into expression vectors containing human IgGl
and k constant domains. The final expression vectors
(DEF39.PDM9.19.H and NEF39.PDM9.19.x) directed ex-
pression of chimeric IgG1 heavy and « light chains using
the Chinese hamster EF-la promoter in Chinese hamster
ovary cells (Icos Corporation, Seattle, WA).

The variable heavy and light domains of the Prl#19
chimera were humanized by grafting the murine comple-
mentarity determining regions as defined by Kabat et al.
(25) onto acceptor human framework regions. Molecular
modeling was done to identify a few key murine
framework residues to be retained in the final design to
maintain complete murine complementarity determining
region function in the context of the human frameworks
(26). Sequence 21u-51 (27) was used for the heavy chain,
and sequence EL-25 (28) was used for the light chain; both
were selected because of high level of sequence similarity
to the respective sequences of Pr1#19. Based on molecular
modeling, murine framework residues expected to influ-
ence complementarity determining region conformation
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were retained at positions 1, 27, 30, 48, 67, and 71 of the
heavy chain using the Kabat et al. numbering system (25);
no murine framework residues were retained in the
humanized light chain. In addition, residue 23 of the heavy
chain and residues 10, 70, and 104 of the light chain were
changed to more commonly occurring amino acid types
in human sequences (26). The humanized variable domains
were synthesized from overlapping 40-mer oligonucleo-
tides (29), sequence verified, and cloned into the same
expression vectors as were used for the chimera to gen-
erate expression plasmids DEF39.PDM9.19.VH3 and
NEF39.PDM9.19.VL3.

Tissue Microarrays and Immunohistochemistry

Medium density tissue microarrays (Beecher Instru-
ments, Silver Spring, MD) of primary prostate cancer tissue
were generated with 1.0 mm tissue core biopsies as de-
scribed by Kononen et al. (30). These included tissues from
65 patients with localized disease, 5 patients with pelvic
lymph node metastases collected at radical prostatectomy,
and 5 prostate cancer specimens from previously untreated
patients with bony metastatic disease (defined as D2
specimens) who underwent transurethral resection of the
prostate (arrays and slides generated at the Garvan
Institute of Medical Research, Sydney, New South Wales,
Australia). Tissue arrays incorporating advanced meta-
static prostate cancer included specimens from hormone-
sensitive and hormone-independent cancers sampled
primarily from metastases to lymph node and bone (arrays
generated at Memorial Sloan Kettering Cancer Center, New
York, NY).

Normal body tissue specimens were collected from sam-
ples harvested at the time of cadaveric organ donation
from six individuals (three males and three females ob-
tained from Zoion, Hawthorne, NY). Additional normal
tissue samples were derived from commercially avail-
able tissue microarrays (Clinomics BioSciences, Inc., Pitts-
field, MA).

Immunohistochemistry (IHC) using Pr1#19 was done on
formalin-fixed paraffin embedded tissues using standard
methods described previously (19).

Cell Culture and Transfections

All tissue culture reagents were obtained from Invitrogen
unless otherwise noted. LNCaP-FGC and PC3 were
obtained from the American Type Culture Collection.
LNCaP-FGC cells were maintained in phenol-red free
Iscove’s modified Dulbecco’s medium containing 10%
low IgG fetal bovine serum (Invitrogen-Life Technologies,
Inc., Gaithersburg, MD), 2 mmol/L L-glutamine, 1 mmol/L
sodium pyruvate, and 1X nonessential amino acids
(Invitrogen-Life Technologies). PC3 cells were cultured as
detailed by American Type Culture Collection. For the
establishment of stable cell lines, monolayers of PC3 were
transfected with retroviral vector pBMN-Z-I-Blast encoding
full-length TMEFF2 with a COOH-terminal hemagglutinin
tag using LipofectAMINE 2000 (Invitrogen). Cells were
selected in medium containing blasticidin (5 pg/mL;
Invitrogen-Life Technologies) and screened for TMEFF2
expression by flow cytometry.
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Flow Cytometry

Cells were removed with EDTA (5 mmol/L) in Tris-HCI
(pH 8.0) and blocked by centrifugation in HBSS containing
3% heat-inactivated fetal bovine serum, 1% normal goat
serum (Sigma-Aldrich, St. Louis, MO), and 1% bovine
serum albumin at 4°C for 5 minutes. Cells were incubated
for 30 to 60 minutes at 4°C with anti-TMEFF2 (10 pg/mL)
in fluorescence-activated cell sorting buffer (PBS containing
0.1% bovine serum albumin). After washing in fluores-
cence-activated cell sorting buffer, cells were resuspended
in FITC anti-mouse IgG (heavy + light) antibody (1:50
dilution, Caltag Laboratories, Burlingame, CA) for 30 to 60
minutes at 4°C. Cells were washed and resuspended in
fluorescence-activated cell sorting buffer containing propi-
dium iodide (1 pg/mL). Fluorescence intensity was
measured on a FACScan (BD Biosciences, San Jose, CA).

Immunofluorescence and Internalization Assay

PC3 and PC3-TMEFF2 cells grown on coverslips were
incubated with medium containing Pr1#19 (10 pg/mL) at
4°C for 1 hour. Antibody binding was detected using
AlexaFluor-488 goat anti-mouse secondary antibody
(1:2,200 dilution, Invitrogen-Molecular Probes, Eugene,
OR). Cells were washed and fixed using 5% ultrapure
formaldehyde in PBS for 40 minutes. Slides were mounted
using Permafluor (Beckman-Coulter, Miami, FL) for visu-
alization. For internalization, cells were placed in an incu-
bator at 37°C for 1 hour and placed on ice for 1 hour in
blocking solution (20 pg/mL pure goat anti-mouse anti-
body in medium). After washing in PBS, cells were fixed in
5% ultrapure formaldehyde. Cells were washed with 0.5%
Triton X-100 and incubated with AlexaFluor-594 goat anti-
mouse secondary antibody (1:2,200 dilution, Invitrogen-
Molecular Probes). Staining was visualized with a Nikon
E800 fluorescence microscope (Nikon, Melville, NY).

ADC Chemistry

Purified anti-TMEFF2 mAb or control murine IgG1l
TIB191 were conjugated to valine-citrulline-monomethyl
auristatin E (maleimide-veMMAE, Seattle Genetics, Bothell,
WA) as described by Bhaskar et al. (8). Purified antibody
(either murine Pr1#19, humanized Prl1#19, or control
murine IgG1) were reduced with DTT (10 mmol/L). Thiol
content was determined by measuring A41o nm after incu-
bation with Ellman’s reagent and subsequent calculation.
Equimolar maleimide-veMMAE solution (8 mmol/L in
DMSO) in cold acetonitrile (20% final concentration) was
incubated with reduced mAb for 30 minutes at 4°C. Un-
conjugated veMMAE was removed by dialysis at 4°C into
PBS and filtered. Conjugated mAb was quantified using
Az80 nm/ A260 nm, and the extent of aggregate versus mono-
mer was determined by size exclusion high-performance
liquid chromatography. Finally, matrix-assisted laser de-
sorption/ionization time of flight was used to determine
the number of drug molecules per mAb.

In vitro Growth Assays

Parental and TMEFF2-transfected PC3 cell lines were
plated at a density of 2,500 cells/well in 96-well plates and
allowed to recover overnight in phenol-free Iscove’s modi-
fied Dulbecco’s medium containing 10% fetal bovine serum

and supplements (growth medium). Cell growth in the
presence of ADC was determined as described by Bhaskar
et al. (8). Cells were challenged for 1 hour with mAb or
ADC in Iscove’s modified Dulbecco’s medium at the indi-
cated concentrations. Cells were washed twice with growth
medium and allowed to proliferate in fresh growth
medium for 4 days. Cell viability was assessed using the
CellTiter 96 AQueous Non-Radioactive Cell Proliferation
Assay (Promega Biosciences, San Luis Obispo, CA). All
growth studies were done at least three times in triplicate.

Animal Studies

Tumor treatment studies were done in 6- to 12-week-old
(~20 g in weight) male immune compromised CB-17
severe combined immunodeficient mice (strain C.B-Ighl/
IerTac-Prkdc, Taconic Farms). LNCaP-FGC cells were inoc-
ulated at 1 x 107 cells in 50:50 volume of Iscove’s modi-
fied Dulbecco’s medium-Matrigel s.c. on the right flank of
animals. CWR22 xenografts were generously provided by
Dr. Tom Pretlow (Case Western Reserve University
Medical Center, Cleveland, OH) and were s.c. implanted
as tumor fragments. Tumors were allowed to establish until
reaching an average of 50 to 100 mm’ as determined by
caliper measurement and calculated by w/6 X length X
width x height. Animals were randomized into groups for
each of the desired treatment arms. ADCs were delivered
either i.p. or i.v. every 4 days (for 6-12 doses as indicated).
Dosing was based on the calculation of drug equivalent
(using auristatin E molecular weight of 708) of each ADC.
The indicated concentration corresponding to the complete
ADC (antibody + auristatin E + linker) was an approxima-
tion based on the number of auristatin E molecules con-
jugated (usually six to eight) per antibody for each ADC
preparation. Tumor volume was measured twice weekly,
and clinical and mortality observations were done daily
according to Institutional Animal Care and Use Committee
regulations.

Results

Expression of TMEFF2 in Prostate Cancer

In an effort to identify potential ADC targets in prostate
cancer, gene expression profiles of 74 prostate cancers
(8, 19, 24) were compared with 347 normal adult tissue
samples representing 58 different organs. The goal was to
identify genes that are up-regulated in prostate cancer
and that encode proteins localized to the cell surface for
antibody accessibility. These genes should also exhibit
little to no expression in vital organs to minimize target-
driven undesirable side effects of the ADC. Genes with
the desired expression profile were triaged by extensive
bioinformatics analysis to determine their structural and
functional classification and their potential for cell surface
localization.

The TMEFF2 gene (National Center for Biotechnology
Information reference sequence NM_016192.2; ref. 21) dis-
played all the desired characteristics. The median TMEFF2
mRNA expression level in prostate cancer [550 average
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intensity units (AIU)] exhibited a 16-fold increase with
respect to the 85th percentile of normal body tissue expres-
sion (34 AIU; Fig. 1A). Expression was also detected in
the central nervous system (median expression of 267 AIU
among 22 samples) and normal prostate (median expres-
sion of 397 AIU among 7 prostates) as described previ-
ously (20, 23). No expression was detected in 36 other
normal tissues tested. Among nonprostate cancer tissues,
lower levels of TMEFF2 expression were also detected in
low-grade glioblastoma but not in other carcinomas, in-
cluding those of the colon, breast, ovary, lung, pancreas,
and kidney (data not shown). Significant TMEFF2 expres-
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derived from advanced stage prostate cancer (31, 32). The
gene chip expression data were confirmed by Taqman
analysis of the same samples (data not shown). Bioinfor-
matics analysis of the TMEFF2 gene sequence suggested
that the protein product contains a signal sequence and a
single transmembrane domain and is predicted to localize
to the plasma membrane, making it a suitable candidate
target for therapeutic antibodies.

Protein Expression of TMEFF2 in Normal and Malig-
nant Tissues

To study TMEFF2 protein expression, mAbs were gen-
erated by immunizing mice with a Fc fusion protein of the

extracellular domain of human TMEFF2. From an initial
pool of ~100 hybridoma supernatants, 12 anti-TMEFF2

sion was also detected in two prostate cancer tumor
lines LNCaP and CWR22 (Fig. 1B), which were originally
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Figure 1. Gene expression of TMEFF2 in prostate cancer. A, TMEFF2 mRNA detected by gene microarray analysis in prostate cancer samples and
normal body tissues. Y axis, AlUs. X axis, samples: prostate cancer (black, 1-74), adipose tissue (75-77), adrenal glands (78-80), aorta (871-83),
appendix (84-86), artery (87-89), bladder (90-92), bone marrow (93-95), breast (96-98), colonic epithelium (99-1701), cervix (7102-104), brain
(7105-107), cerebral cortex (7108-110), corpus callosum (777-113), dorsal root ganglia (7174—-116), hypothalamus (777-119), pituitary (7120-122), spinal
cord (123-125), thalamus (726-128), colon (129-131), diaphragm (132-134), epididymis (135-137), esophagus (738-140), gallbladder (747-143),
heart (144-146), kidney (147-149), liver (150-152), lung (153 - 155), lymph node (756 - 158), muscle (159-161), ovary (162—-164), stomach (165-167),
vagus nerve (168-170), omentum (171-173), larynx (174-176), lip (177-179), oral mucosa (7180-182), pharyngeal mucosa (7183-185), tongue
(186-188), pancreas (189-191), peripheral blood mononucleocytes (192-194), prostate (196-201), retina (202-203), salivary gland (204-206), skin
(207-209), small intestine (270-212), spleen (213-215), stomach (216-218), synovium (219-221), testis (222-224), thymus (225-227), thyroid and
parathyroid glands (228-230), tonsils (237-233), trachea (234-236), ureter (237-239), urethra (240-242), uterus (243-245), vagina (246-248), and
saphenous vein (249-251). B, TMEFF2 mRNA detected by gene microarray analysis in cancer cell lines and xenografts. Y axis, AlUs. X axis, samples
listed by cancer of origin. Bladder cancer lines: HT1376 (7-4), SW780 (5-8), and UMUC3 (9- 712); breast cancer lines: BT474 (13-16), MB231 (17-20),
MB435s (27-23), MB453 (24-27), MCF7 (28-31), and NW231 (32-35); B-cell lymphoma lines: CA46 (36), EB1 (37), PZ-HPV7 (38), RAJI (39), and
RAMOS (40); colon cancer lines: EB (47-44), HCT116 (45-48), HT29 (49-52), SW480 (53-56), and SW620 (57-60); cervical cancer lines: HT3 (671-64),
ME180 (65-68), and SiHa (69-72); Ewing sarcoma lines: RDES (73) and SKES (74); glioblastoma lines: U118MG (75-78) and U87MG (79-83); head and
neck cancer lines: A253 (84-87) and FaDu (88-917); lung cancer lines: A549 (92-95), H23 (96-99), H358 (100- 103), CALUG6 (104—-107), H460 (108-111),
H345 (112-114), H69 (115-119), H157 (120-122), and H520 (123-126); melanoma lines: A375 (127-131), C32 (132-135), C8161 (136-139), and
SKMEL28 (740-143); ovarian cancer lines: CSOC-882.2 (144-147),ES-2(148-151), OV90 (152- 155), OVCARS (156 - 159), PA-1 (160- 162), and SKOV3
(163-166); pancreatic cancer lines: BxPC3 (167-170), Panc1 (171-174), and MiaPaCa2 (175- 178); prostate cancer lines (black): CWR22 (179-181),
DU145 (182-185), LNCaP (186-193), PC3 (194-197), and RPWE-2 (198-200); renal cancer lines: TR-786-0 (207-204) and TR-SN12-C (205-207); and
T-cell lymphoma line: Karpas (208-211).
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Cerebrum

Mouse Brain

supernatants were selected based on off rates (Kp) for
binding to covalently immobilized TMEFF2 extracellular
domain as measured by BIAcore. Five hybridomas pro-
ducing supernatants with the lowest dissociation rate con-
stants were chosen for subcloning and purification.
Purified mAbs were further evaluated by epitope map-
ping and affinity measurements by BIAcore. One mAb
in particular, Pr1#19, recognized a unique epitope on hu-
man TMEFF2 with high affinity (Kp = 2.32 + 0.45 nmol/L).
The mature murine TMEFF2 protein (National Center

Table 1. IHC staining of normal human tissues with anti-TMEFF2
mAb Pr1#19

Tissue Positive samples

Prostate 15/24

Cerebrum 8/12

Cerebellum 10/10

NOTE: Negative tissue samples are adrenal gland, bladder, blood, bone marrow,
breast, colon, duodenum, endothelium, eye, fallopian tubes, heart, kidney, liver, lung,
lymph node, ovary, pancreas, parathyroid, pituitary, skeletal muscle, skin, spinal
cord, spleen, testes, thymus, thyroid, ureter, uterus, cervix, gallbladder, myometrium,
peripheral nerve, salivary gland, stomach, and tonsil.

Figure 2. IHC analysis of hu-
man and mouse tissues. Pr1#19
mAb was used to stain formalin-
fixed paraffin-embedded tissues.
A, validation of Pr1#19 as an IHC
= Fas gt reagent on the human prostate
y 4 - cancer xenografts CWR22,
o LNCaP, and PC3. B, staining of
' normal human tissues. C, stain-

2" 4 ing of normal mouse tissues.

PC3

Mouse prostate

for Biotechnology Information reference sequence
NP_062764.1; ref. 20) exhibits only two amino acid differ-
ences in the extracellular coding sequence relative to its
human orthologue. BlAcore analysis showed that the
epitope recognized by Pr1#19 is conserved between human
and mouse and that the affinity for the mouse protein is
similar to that of human (Kp = 3.36 + 0.28 nmol/L).

Pr1#19 was used in IHC analysis of normal and malig-
nant human tissues to verify TMEFF2 protein expression.
This mAb was validated as an IHC reagent by demon-
strating that it recognized TMEFF2 protein in LNCaP and
CWR22 xenograft sections, which are positive for
TMEFF2 mRNA expression, but not in PC3 xenograft
sections, which are negative for TMEFF2 mRNA expres-
sion (Figs. 1B and 2A). The staining was uniform in 100%
of LNCaP and CWR22 cells and was cytoplasmic and
membranous in nature.

IHC analysis of normal body tissues confirmed the gene
chip data that only human central nervous system tissues
and normal prostate express TMEFF2 protein (Fig. 2B and
Table 1). The staining pattern in central nervous system
tissues was largely diffuse staining of neural fibrils, white
matter, and Purkinje cells. Normal prostate staining (15
of 24) was more distinct and restricted to the glandular
epithelium. Prostate stroma, smooth muscle cells, and
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basal cells were negative. The remainder of the 35 normal
body tissues tested did not show detectable staining
with Pr1#19 (Table 1). Analysis of normal mouse tissues
showed TMEFF2 expression only in brain (5 of 5) but not
in mouse prostate (0 of 2; Fig. 2C).

Analysis of primary prostate cancer specimens showed
that TMEFF2-specific staining was restricted to the cyto-
plasm and membranes of the cancer epithelium (Fig. 3A).
The prostate cancer cohort (1 = 65) displayed weak (+1)
to strong (+3) staining in 48 cases, demonstrating that a
large fraction of prostate cancer patients exhibit expression
of TMEFF2. More specifically, 112 of 222 separate prostate
cancer elements stained positively for TMEFF2 expression.
No significant correlation of anti-TMEFF2 staining with
Gleason grade or stage of disease was observed (see sum-
mary in Table 2). Moderate staining was also seen in 5 of
6 cases of prostatic intraepithelial neoplasia and 15 of 17
cases of benign glands or hyperplasia adjacent to cancer
(Fig. 3B and Table 2). TMEFF2 expression was also detected
in four of six cases of locally advanced disease (D2 stage),
indicating that expression of this target is retained in
advanced disease (Fig. 3C).

To further examine advanced stage disease, 61 speci-
mens derived primarily from lymph node and bone
metastasis, including hormone-dependent and hormone-
independent samples, were subjected to IHC analysis,
and 25 samples were positive (summarized in Table 2
and examples in Fig. 3D and E). TMEFF2 protein
expression was detected in 25% of hormone-dependent
metastases, all positives being derived from lymph node
lesions. Positive IHC staining was also observed in 48% of
hormone-independent prostate cancers, wherein all but one
specimen were derived from bone metastases. In addition,
6 of 10 metastases with unknown hormonal status

-
Prostate Cancer

Figure 3. [HC analysis of human pros-
tate cancer tissues. Pr1#19 mAb was
used to stain formalin-fixed paraffin-
embedded tissues. A, primary prostate
tumor. B, benign gland adjacent to pros-
tate cancer. C, D2 stage disease. D, lymph
node metastasis of prostate cancer. E,

Molecular Cancer Therapeutics 927

Table 2. IHC staining of prostate tissues with anti-TMEFF2 mAb
Pr1#19
Pathology Positive samples*
Hyperplasia 15/17
High-grade prostatic intraepithelial neoplasia 5/6
Cancer grade
2 5/6
3 53/104
4 44/92
5 10/20
D2 stage 4/6
Lymph node metastases
Hormone dependent 6/19
Hormone independent 1/6
Unknown status’ 3/5
Bone metastases
Hormone dependent 0/4
Hormone independent 12/18
Other metastases
Hormone dependent? 0/1
Hormone independent? 0/3
Unknown status! 3/5

*Samples were classified as positive if >10% of invasive epithelial cells showed 1+
intensity staining or >1% of invasive (hyperplasia & high-grade prostatic
intraepithelial neoplasia not invasive) epithelial cells showed 2+ to 3+ intensity
staining.

TLymph node metastases with unknown hormone status collected at the Garvan
Institute of Medical Research.

¥ Liver metastasis.

iTwo lung metastases and one paravertebral mass.

IUnknown hormonal status and unknown metastatic site.

expressed significant levels of TMEFF2. These results show
that TMEFF2 expression persists through advanced stages
of prostate cancer, including bone metastasis and hormone
independence.

E
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bone metastasis of prostate cancer.
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In vitro Killing by Toxin-Conjugated Anti-TMEFF2 mAb

Gene array and IHC data show that LNCaP but not
PC3 prostate cancer cells express TMEFF2 (Figs. 1B and
2A). Flow cytometry analysis using Pr1#19 mAb showed
that TMEFF2 protein is expressed at the cell surface of
LNCaP (data not shown) and TMEFF2-transfected PC3
cells but not in parental PC3 cells (Fig. 4A). Interestingly,
at 37°C, Prl#19 is very rapidly (within 15-30 minutes)
internalized into an endosomal compartment in PC3-
TMEFE?2 cells (Fig. 4B). This property of TMEFF2 was not
anticipated from the original identification by expression
profiling and bioinformatics analysis. However, the rapid
internalization makes this particular antibody-antigen
combination highly attractive for an ADC approach, be-
cause activation of certain peptide-linked ADCs is depen-
dent on cathepsin B cleavage following internalization into
lysosomes (8-10).

To test the idea that Pr1#19 can therapeutically target
TMEFF2-expressing cells, Pr1#19 was conjugated to the
microtubule toxin auristatin E through a cathepsin B-
cleavable linker (9) designed to limit toxicity to cells that
internalize the target-ADC complex to lysosomes. This
ADC, termed Pr1-veMMAE, was cytotoxic to PC3-TMEFF2
cells in vitro at an ICsy of 0.25 pg/mL, when cells were
incubated with the ADC for 1 hour (Fig. 4C). Parental
PC3 cells were insensitive to Pr1-veMMAE. A control ADC,
TIB-veMMAE, was noncytotoxic to both PC3 and PC3-
TMEFFE2 cells at <1 pg/mL. Anti-TMEFF2 mAb internal-
ization and Pr1-veMMAE-mediated cell killing were also
observed in LNCaP cells in culture (data not shown).

Pr1-vc MMAE Inhibits Tumor Growth In vivo

To examine the effects of Pr1-veMMAE in vivo, LNCaP
xenografts were grown in immune compromised male
severe combined immunodeficient mice and allowed to
reach 30 to 150 mm> (64 mm® average). Mice were ran-
domized into groups and treated with Prl-veMMAE or
a control veMMAE-conjugated antibody. As shown in
Fig. 5A, Pr1-veMMAE (0.215 mg/kg auristatin E, i.e., ~5
mg/kg of ADC) delivered either i.p. or iv. to LNCaP-
bearing mice resulted in significant inhibition of tumor

Figure 4. In vitro assays using anti-

TMEFF2 antibody. A, flow cytometry anal-
] ysis using Pr1#19 mAb shows cell
surface protein expression in TMEFF2-
transfected PC3 cells but not in parental
PC3 cells. B, anti-TMEFF2 mAb Pr1#19
is rapidly internalized at 37°C in PC3-
TMEFF2 cells. C, treatment of parental PC3
and TMEFF2-transfected PC3 cells with
either Pr1-vcMMAE or a control ADC, TIB-
vcMMAE. Cells were treated with ADC
for 1 hour and assayed for cell survival at
day 4 post-treatment. Treatment groups
are parental PC3 treated with TIB-
vcMMAE (open circles) or Pr1-veMMAE
(solid circles) and PC3-TMEFF2 treated
with TIB-vcMMAE (open squares) or

3 -2 1 0 1 2
log[mAb] ug/ml

Pr1-vcMMAE (solid squares).

growth (P < 0.000003 for i.v. and P < 0.005 for i.p.). The
growth inhibitory effect of Pr1-veMMAE correlated well
with a decrease in serum prostate-specific antigen levels, a
serum protein often used as a marker for prostate tumor
burden (33). Prl-veMMAE-treated mice exhibited serum
prostate-specific antigen levels of <10 ng/mL at the end
of the study, whereas control veMMAE-treated mice had
prostate-specific antigen levels of >100 ng/mL.

The Prl-veMMAE was well tolerated as assessed by
body weight (Fig. 5B). In contrast, both groups of animals
receiving the control ADC in which LNCaP tumors con-
tinued to grow had to be removed from the study at day
50 postimplantation due to weight loss exceeding 20% (as
per Institutional Animal Care and Use Committee regula-
tions). We have found that mice bearing LNCaP tumors are
particularly susceptible to weight loss and that tumor-
burdened mice often have to be sacrificed while the tumors
are still relatively small (400-700 mm?). Mice treated with
Pr1-veMMAE at first exhibited a slight decrease in weight,
which was attributed to tumor burden. However, after
several doses of Prl-veMMAE, weight stabilized and
actually increased, indicating that Pr1-veMMAE is well
tolerated and protective against weight loss due presumably
to its effect on tumor burden. This is of particular
significance, given the full binding potential of Pr1#19
mAb to the mouse target.

Inhibition of Tumor Growth with a Humanized
Pr1-vc MIMAE

Murine antibodies elicit a strong immune response in
the clinic in the form of human antimouse antibody re-
sponse, risking inactivation of the therapeutic antibody.
To eliminate this possibility and create a therapeutic more
suitable for clinical trials, the murine Pri#19 mAb was
humanized (26). BIAcore analysis of the humanized Pr1#19
showed that it recognized human TMEFF2 protein with
similar affinity (Kp = 5.8 + 2.5 nmol/L) compared with the
murine Pr1#19 mAb. This humanized antibody (see Fig. 6A
and B for sequence) was conjugated to auristatin E to
create human Pr1-veMMAE (huPr1-veMMAE), the human-
ized version of the anti-TMEFF2 ADC. Initial studies
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Figure 5. In vivo LNCaP tumor inhibition with Pr1-vcMMAE. A, Pr1-

vcMMAE was given at 5 mg/kg i.v. or i.p. every 4 days to male severe
combined immunodeficient mice bearing established LNCaP tumors. In
comparison with control TIB-veMMAE, Pr1-vcMMAE effectively inhibited
LNCaP tumor growth. This inhibition was paralleled by a significant
reduction in serum prostate-specific antigen. Multiple experiments with
in vivo efficacy were done at ADC dose ranges of 3-10 mg/kg. B, mice
treated with Pr1-vcMMAE did not have significant changes in body mass,
indicating that this ADC was well tolerated. No obvious toxic effects were
observed. Mice with a >20% decline in body weight, as was seen with
tumor-bearing mice treated with vehicle or control ADC, were euthanized
according to Institutional Animal Care and Use Committee protocols.
Treatments are group 1, i.v. TIB-veMMAE (solid squares); group 2, i.p.
TIB-veMMAE (solid triangles); group 3, i.v. Pr1-vcMMAE (open squares);
and group 4, i.p. Pr1-vcMMAE (open triangles).

with LNCaP tumors grown in vivo showed that huPrl-
vcMMAE had similar efficacy in growth inhibition com-
pared with its murine counterpart (data not shown). To
extend these studies and show that efficacy is not limited
to a single in vivo model, we used the CWR22 xenograft
model. Like LNCaP, and in contrast to the other prostate
cancer lines PC3, DU145, and RPWE-2 cells, CWR22
expresses high levels of TMEFF2 mRNA and protein
(Figs. 1B and 2A). Male severe combined immunodeficient
mice were implanted with tumor chunks (1-3 mm?®) that

Molecular Cancer Therapeutics 929

were allowed to grow to an average of 115 mm? (range 35—
215 mm?®). They were randomized into two groups and
treated with huPrl-veMMAE or control ADC. As seen in
Fig. 6C, multiple doses of 0.215 mg/kg auristatin E (~5
mg/kg ADC) significantly inhibited the growth of the
aggressive CWR22 tumor line (P < 0.0005). Several animals
treated with six doses of the control ADC had to be sacri-
ficed at day 38 postimplantation due to tumor size exceed-
ing Institutional Animal Care and Use Committee
regulations (as indicated). However, all animals treated
with huPr1-veMMAE remained on study until day 72 and
tolerated 13 doses of the huPrl-veMMAE. This ADC had
similar efficacy at doses ranging from 0.135 to 0.44 mg/kg
auristatin E (~3-10 mg/kg ADC), with both the original
murine and the humanized version of the antibody prov-
ing equally effective (data not shown). These results show
that huPrl-veMMAE safely and effectively inhibits the
growth of two distinct and aggressive prostate cancer
xenograft models.

Discussion

Our goal was to identify a prostate cancer-specific gene and
develop an ADC that would specifically target the gene
product for the treatment of prostate cancer. We selected as
our target TMEFF2, a gene with no defined function but
with very restricted normal tissue expression and aber-
rantly high overexpression in prostate cancer. In addition,
TMEFF2 seemed particularly suitable as a target for a
therapeutic ADC due to its high rate of internalization after
ligation with an antibody.

TMEFF2 has been implicated in cell signaling (21),
neuronal cell survival (20), and tumor suppression (22,
34, 35). The TMEFF2 gene is hypermethylated in some
cancers (22, 34), and overexpression led to inhibition of
cell proliferation (35). The proposed tumor suppressor
function is not supported in prostate cancer wherein our
data and others (23, 36) report high expression of the wild-
type gene. Heterologous overexpression of TMEFF2 in
PC3 cells also did not have a negative effect on cell pro-
liferation in our in vitro assays. Instead, TMEFF2 is likely
associated with cell proliferation and emergence of hor-
mone independence of prostate cancer xenografts, as has
been suggested previously (23, 36), a conclusion supported
by our observation of TMEFF2 expression in bone and
lymph node metastases, many of which exhibited a
hormone-independent phenotype.

The restricted tissue expression of TMEFF2 makes this
gene product an attractive candidate for targeted therapy.
We developed a specific ADC, huPrl-veMMAE, consisting
of a humanized anti-TMEFF2 mAD linked to auristatin E
via a cathepsin B-cleavable linker as described by
Doronina et al. (9). This ADC strongly inhibits the growth
in vitro of PC3 cells overexpressing the antigen and of
LNCaP and CWR22 prostate cancer xenografts in vivo. The
efficacy in tumor growth inhibition was retained with
humanization, which will reduce the risk of immune
rejection of the ADC when tested in humans (26, 37).
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Figure 6. Humanized anti-TMEFF2 mAb
and ADC. A and B, amino acid sequence
alignment of mouse (mu) and humanized
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mu VH RISITRDTSENQFFLNLRSVTTEDTATYYCAR GLRRGDYSMDY WGQGTSVTVSS (VL) domains and the complementarity de-
hu VH RITISRDTSKNQFSLKLSSVTAADTAVYYCAR GLRRGDYSMDY WGQGTLVTVSS

= = termining regions (CDR) and framework
B =1 52 e 2 rtained mrine framewrk resues
mu VL DIVMTQSQKFMSTSVGDSVSITC KASQNVVTAVA WYRQKPGQSPKLLIY SASNRHT
hu VL DIQMTQSPSSLSASVGDRVTITC KASONVVTAVA WYQOKPGKAPKLLIY SASNRHT the humanized variable heavy domain. Single
underlining, framework residues changed to
IR3 CDR3 R4 the more commonly found residues in human
mu VL GVPDRFTGSGSGTDFTLTINNMQSEDLADYFC QQYSSYPFT FGGGTKLEIKR ST o
hu VL ~ GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC QQYSSYPFT FGGGTKVEIKR frameworks. C, in vivo tumor inhibition of
- - CWR22 xenografts with huPr1-vcMMAE.
ADC was given at 5 mg/kg i.p. every 4 days
C 2500 - Dose (0.215 mg/kg AE, ~5 mg/kg ADC) to male severe combined immunodeficient
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ mice bearing established CWR22 tumors. In
- n=1 comparison with control TIB-veMMAE (solid
©_" 2000 - squares), huPr1-vcMMAE (open circles)
E effectively inhibited CWR22 tumor growth.
~ At certain times, some animals in the control
g 1500 group had to be removed from study due to
> tumor size exceeding Institutional Animal
© Care and Use Committee regulations.
t 1000 + Arrows, numbers of animals remaining on
o study. All eight animals in the huPr1-
g 500 4 vcMMAE-treated group survived until the
L end of the study. *, P < 0.0005 (Student’s
t test).
0 T T T T T T T T T T T T T T T T
12 16 20 24 28 32 36 40 44 48 52 56 60 64 6 72 76

Days Post-implant of CWR22

Antigen density is often a factor in the therapeutic
effectiveness of antibody-mediated therapies (8, 12, 38).
Our data show that clinical prostate cancer samples express
similar or greater levels of TMEFF2 when compared with
either LNCaP or CWR22 cells (see Figs. 1 and 2). The strong
efficacy of huPr1-veMMAE is likely due to the efficient
internalization of the ADC-antigen complex as seen with
PC3-TMEFF2 cells in vitro (Fig. 4). The drug is presum-
ably released via cathepsin B cleavage of the valine-
citrulline linker (9) and likely exerts its cytotoxic effects
via apoptosis (10).

Efficacy of huPrl-veMMAE is observed at various doses
ranging from 3 to 10 mg/kg. The free drug equivalents of
these doses range from 0.14 to 0.44 mg/kg. This suggests
that, even if the ADC were to completely disintegrate, the
released auristatin E would be below the published
maximum tolerated dose of free auristatin E (0.72 mg/kg;
ref. 10).

The cathepsin B-cleavable valine-citrulline linker
employed in the huPrl-veMMAE ADC is extremely stable
in human and mouse plasma (8-10) and is likely superior
to either hydrazone and/or disulfide linkers employed
in other ADCs (11, 12, 14, 39). Free drug release from an
anti-CD30 veMMAE ADC was only 2% to 5% after 10 days
of incubation at 37°C (10). Similarly, an ADC toward Lewis
Y antigen exhibited <5% free drug release in human plasma
when conjugated via a valine-citrulline linker compared
with >30% free drug release from a hydrazone linkage (9).
Our data to date indicate no discernible nonspecific toxicity
due to disintegration of the ADC in huPrl-veMMAE-
treated mice.

The maximum tolerated dose of huPrl-veMMAE is
unknown, as the highest dosing regimen tested to date
(10 mg/kg for 12 doses) induced no detectable toxic side
effects in mice. However, studies with other auristatin E
conjugates using the same linker chemistry report a maxi-
mum tolerated dose of 30 to 40 mg/kg (9, 10). Other studies
using ADCs for the treatment of prostate cancer have
targeted prostate-specific membrane antigen (14) and
prostate-specific cell antigen (12). Currently, anti—prostate-
specific membrane antigen—specific ADCs using the disul-
fide-linked maytansinoid toxin DM1 are in phase I clinical
trials (14). Whereas no preclinical tumor studies have been
published with DMI1-conjugated anti-prostate-specific
membrane antigen ADCs, a recent study shows anti-
LNCaP tumor efficacy in nude mice with a radiolabeled
anti—prostate-specific membrane antigen mAb (40). Aside
from targeting a different antigen, huPrl-vcMMAE
differs from the anti—prostate-specific cell antigen and
anti—prostate-specific membrane antigen ADCs in two
important aspects. As described above, huPrl-veMMAE
exhibits the more stable valine-citrulline linker, suggesting
a longer half-life and a greater safety profile of the ADC.
Secondly, the mAb used to target TMEFF2 very effectively
cross-reacts with murine TMEFF2. The significance of this
is that the xenograft mouse models used to test huPrl-
vcMMAE allowed evaluation of both efficacy and toxicity
of the ADC. IHC analysis of mouse tissues with Pr1#19
showed expression in mouse brain, similar to that observed
in human tissues (see also ref. 41). Other mouse tissues,
including mouse prostate, did not express TMEFF2 protein.
The basis of expression in normal human prostate and

CSPC Exhibit 1028

Mol Cancer Ther 2004;3(8). August 2004

Page 10 of 12

¥Z0g Joquisoaq gz U Jasn Asianiun Ja|jaJey00y Aq Jpd-Ze6-126/259898 /1 26/8/6/JPd-alonefow/Bio"s|eunolioee)/:dny woly papeojumoq



not normal mouse prostate remains to be determined.
Despite expression in the mouse brain, no overt neurotox-
icity and/or pathology was observed in mice treated
with huPrl-veMMAE even at multiple doses of 10 mg/kg.
In fact, mice bearing LNCaP tumors treated with Prl-
vcMMAE seemed healthier and did not experience tumor-
associated weight loss when compared with tumor-bearing
mice treated with a control ADC. This suggests that huPr1-
vcMMAE does not cross the blood-brain barrier but effec-
tively reaches the tumor cells and exerts a cytotoxic effect
only to the TMEFF2-expressing tumors.

In summary, huPrl-veMMAE specifically targets a gene
product that is overexpressed at all stages of prostate
cancer. Our in vivo studies suggest that this drug exhibits a
large therapeutic window, demonstrating efficacy at the
lowest dose tested (3 mg/kg) and showing no signs of
toxicity at the highest dose tested (10 mg/kg). Given the
efficacy of this experimental therapeutic in animal models
of prostate cancer, we propose that huPrl-veMMAE may
be a reasonable experimental therapeutic for humans with
metastatic and hormone-resistant prostate cancer, follow-
ing completion of further and more extensive animal
toxicity studies.
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