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PROSTATE-SPECIFIC MEMBRANE ANTIGEN BINDIMNG PROTEINS AND RELATED
COMPOSITIONS AND METHODS

01T This application claims priority to U.S. provisional patent application no.

G1/478 449, filed Apri! 22, 2011, which is incorporated herein by referance in its entirety.

FIELD OF THE INVENTION

B0l The presant invention relates to mono-spacific and mutti-specific protein
therapeutics that specifically targst celis expressing prostate-specific mambrane antigen
(PEIMA) and are useful for the treatment of disorders characterized by overexpression of
POMA, such as, Tor exariple, prostate cancer (2.g., castrate-resistant prosiate cancer),
wmor-retated angiogenasis, or benign prostatic hyperplasia (BPH). In ocne embodimant, the
mutti-specific protein therapeutic binds both PSMA-axpressing cells and the T-cell receptor

complex on T cells to induce target-depandent T-cell cylotoxicity, activation and profiferation.

ACCOMPANYING SEQUENCE LISTING

0031 The contents of the text file (Name: "Sequence_Listing bd”, Bize: 272,014 bytes;

ez

Date of Creation: Aprl 20, 2012} submitted electronically herewlth are incomerated herein by

reference in their entirety.

BACKGROUND

M4l Prostate-specific Membrane Antigen (PSMA), also kKnown as glutamaie
carboxypentidase I and N-acetylated alpha-linked acidic dipaplidase 1, is a dimeric type |l
transmaimbrane glveoprotein belonging to the M23 peptidase family encodad by the gene
FOLHT {foiate hydrolase 1), The prolein acis as a glutamate carboxypeptidase on different
alternative subsirates, including the nulrient folale and the neurcpeptide N-acetvli-t-aspartyl-i-
glutamate and is expressed in a number of tissues such as the prostate, and to & lesser
extent, the smail intesting, central and peripheral nervous systern and kidney, Ths gene
encoding PSMA is altematively spliced to produce at least three variants. A mutation in this
gene may ba associated with impalred intestinal absorption of distary folates, resulting in low

blood folate levels and consaquant hyperhomocystainemia. Expression of this protein in the
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brain may be involved in a number of pathological conditions associated with giutamate

excilotoxicity.

[005]  PSMA s a well-established, highly restricted prostate-cancer-reiated cell
membrane antigen. In prostate cancer cells, PEMA is expressed 1000-fold higher than on
normal prostate epithelium (Su ef al, Cancer Res. 1995 44:1441-1443). Expression of
FSMA increases with prostate cancer progression and is highest in metastatic disease,
hormone refractory cases, and higher-grads lesions (Isvagli ef al., Cancer Res. 1894,
54:1807-1811, Wright ef al., Urologic Oneology: Seminars and Original Investigations 1995
1:18-28, Wright ef a/., Urology 1986 48:326-332; Sweat af al | Urclogy 1998 52:637-840).
Additionaity, PSMA is abundanily expressed on the neovasculature of a variety of other soiid
tumors, including bladdear, pancreas, melanoma, lung and Kidney cancers, but not on normai
necvasculature (Chang ef af, Urology 2001 57:801-805; Divgi ef al, Clin. Cancer Res. 1898
4:2729-3279).

{3087 PEMA has baen shown o be an important target for immunological approachss
such as vaceines or directed therapy with monocional antibodies. Unlike other prostate-
restricted molecules that are secretory proteing (PSA, prostatic acid phosphatase), PSMA is
an integral cell-surface membrane protein that is not secrsted, which makes it an ideal
target for aniibody therapy. PROSTASCINT® (capromab pendetide) is an in-labeiled anti-
PSMA murine monocional antibody approved by the FDA for imaging and siaging of newly
dizgnosad and recurrent prostate cancer patients (MHinkle ef al, Cancer 1998, 83.739-747).
Howaver, capromab binds {0 an intracellular epitope of PSMA, reguiring internalization or
exposure of the internal domain of PSMA, therefore preferentially binding apopiotic or
necrosing cells (Troyer ef af., Urclegic Oncology: Seminars and Original Investigations 1985
1:29-37,; Trover ef &l., Frostate 1997 30:232-242). As a result, capromab may not be of
therapeutic benefit (Liu ef ai.,, Cancer Res. 19897 57:3629-3634).

0077 Other monodlonal antibodies which targst the external domain of PSMA have been
developed (s.g., J5BT, J415, J533, and E99) (Liu ef al, Cancer Ras. 1897 57:3620-3634).
Radiclabelied J581 is currently in clinical trials (Tagawa & al., Cancer 2010 116(84):1075).
rlowever, evidence suggesis thal PSMA may act as a receptor mediating the intarnalization
of a putative ligand. PSMA undergoss internalization constitutively, and PSMA-specific
antibodies can induce and/or increase the rate of internalization, which then causes the
antibodies to accumutate i the endosomes (Liu ef al,, Cancer Res. 1998 58:4(055-4060).
While PSMA-specific internalizing antibodies may aid in the development of therapeutics to
target the delivery of toxins, drugs, or radioisotopes to the interior of prostate cancer cells
{(Tagawa et al., Cancer 2010 116(54):1075), PEMA-specific antibodies utilizing native or

enaineerad effector mechanisms (e.g., antibody-dependent cell-mediated cytotoxicity

2



(ADCC), complement-dependent cytotoxicity (CDC}, antibody-dependent celi-mediated
phagocytosis (ADCP), or re-directed T-celt cytotoxicity (RTCC)) are problematic since the
PSMA-specific antibody may be internalized before it is recognized by effector cells.

SUMMARY

f008] In one embodiment, the present disclosure provides a prostate-specific membrane
antigen (PSMA)-binding pelypeptide comprising, in order from amino-terminus to carboxyl-
terminus, (a) a PSMA-binding domain that specifically binds human PSMA, (b) a hinge
region, and (c} an immuneglobulin constant region. In certain embodiments, suitable PSMA-
binding domains inciude binding domains that compete for binding 1o human PSMA with a
single chain Fv (scFv) having the amino acid sequence set forth in SEQ 1D NC121, in
cerfain embediments, the PSMA-binding potypeptide is capable of forming a dimer with a
second, identical polypeptide chain through association between the respective

immunoglobulir constant regions and/or hinge regions.

[008a] In an aspect, there is provided a prostate-specific membrane antigen (PSMA)-binding polypeptide
comprising a humanized PSMA -binding domain wherein the PSMA binding domain comprises

(i) an immunoglobuiin light chain variable region comprising LCDR1, LCDR2, and LCDR3, and
(iiy an immunogiobuiin heavy chain variable region comprising HCDR1, HCDRZ, and HCDR3,
wharein the LCDR1, LCDR2 and LCDR3 has the amino acid sequences set forth in SEQ 1D

NO:15, 16 and 17, respectively, and the HCDR1, HCDR2, and HCDR3 has the amino acid
sequences set forth in SEQ ID NO:9, 10 and 11, respectively,

[008]  Incertain embodiments, the PSMA-binding domain comprises (i) an
immunoglobulin light chain variable region comprising CDRs LCDR1, LCDR2, and LCDR3,
and/or (i) an immunogiobulin heavy chain variabie region comprising CDRs HCDRA1,
HCDR2, and HCDR3. In certain variations, LCDR3 has the amino acid sequence set forth in
SEQ 1D NO:17 and/or HCDR3 has the amino acid sequence set forth in SEQ ID NO:11; in
soms such embediments, LCDR1 and LCDR2 have the amino acid sequencss as set forth
in SEQ ID NO:15 and SEQ iD NO:18, respectively, and/or HCDR1 and HCDR2 have the
amino acid sequences as set forth in SEQ (D NO:© and SEQ 1D NO:10, respectively. In
another variation, (i) the light chain variable region comprises an amino acid sequence that
is at least 90%, at least 85%, at least 99%, or 100% identical to the amino acid sequence set
forth in SEQ ID NO:5 or SEQ 1D NO:23; and/cr (i) the heavy chain variable region
comprises an amino acid sequence that is at ieast 80%, at least 95%, at least 99%. ar 100%
ideniical to the amino acid seguence set forth in SEQ ID NO:2, SEQ ID NO:25, or SEQ D
NG:27. One or both of the light and heavy chain variable regions can be humanized.



180101 In certain variations, the PSMA-binding domain is a single chain Fv (scFv)
comprising the immunoglobulin light and heavy chain variable regions disclosed herain. In
certain embodiments, PSMA-binding scFvs include, for example, scFvs comprising an amino
acid sequence that is at least 80%, at least 95%, at least 99%, or 100% identical to the
amine acid sequence set forth in SEQ ID NO: 18, SEQ 1D NO:21, SEQ ID NO:30, SEQ ID
NO:31, SEQ 1D NO:34, or SEQ ID NG:35. In certain embodiments, the heavy chain variable

region of the sckv is carboxyl-terminal to the light chain variable region (aiso raferred fo
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herein as a "VL-VH origntation™. in soms embodimants of an sckv having a Vi-VH
orientation, the scFv comprises an amine acid sequence that is at least 80%, at least 95%,
at least 98%, or 100% identical to the amine acid sequence set forth in SEQ D NO21, SE
D NGOG0, or SEQ D NO31. The lignt chain variable region and heavy chain variable region
of the scFv can be joinad by a peplide linker such as, for example, a peptide linker

cornprising an amino acid sequence {(Gly,Ser),, wherein n = 1-5 {(SEQ 3 NG 165).

141 In some embodiments of 2 PEMA-binding polypeplide disclosad hersin, the hinge
region is derived from an immunoglobalin hings region, such as, Tor exampls, an
immunoglobulin hinge region of g1, G2, 1gG3, G4, IgAl, 1gAZ, orlgh, Such an
imraunoglobulin hinge region can be either a wild-lype or an altered immunogiobulin hings
ragion.

D121 In further emboediments of a PEMA-Dinding polypaptide disclosed hersin, the
Smmunﬁgiobuim constant region comprises immunoglobuiin CHZ and CH3 domains, such
as, far escample, immunoglobulin CHZ and CH3 domains of gG1, 1932, IgG3, ighG4d, lgAt,
ég}ﬂx,?_', oy tal}. In another embodiment, the immunoglobulin constant reglon comprises
immuncgiobulin CHZ and CH32 domains and the constant region does not comprise an

imrauneglobulin CHT domain

[OOE3E  In cartain variations, a PSMA-binding polypeptide disclosad herein inclixies at least
one effsctor function selectad from antibody-dependent cell-mediated cylotoxicity (ABCO)
and cornplement-depandent cyiotoxcily (CDC). In some embodiments, the hinge region i3
derived from an immunoglobulin hinge region and the immunoglebulin constant regio
comprises immunogiobulinn CH2Z and CHS domains of 1gG1, 1662, 1963, or lgG4. In another
embodiment, the immunogiobulin hinge region is derived from the hinge region of IgG1 and
the immunoglebulin constant region comprises immunoglobulin CH2 and TH3 domaeains of
N

B4 In some ambodiments, & PSMA-binding polypaptide disclosed harain comprizes an
armine acid seqguence that is af least 20%, atleast D5%, st l=ast B9%, or 100% identical o
the amino acld sequence set forth in SEG D NOG38, SECHHD MO39, SEG ) MNO42, SEQ
D NGA3, SEQ D NO70, or SEQ D NOT72.

064181 instll further embodiments, a PSMA-binding polypeptide disclased herein further
includes {d) a second hinge region carboxyli-Hermina! 10 the immunogiobulin constant region,
and () a second binding domain carboxyldenninal to the second hinge region. In some
embadiments, second hinge regions include those derived from a stalk region of a type G

fectin or an immunoglobudin hinga region.  In certaln variations, the second hinge region has
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an amino acld seauence as sat forth in SEQ 1D NO:63, SEQ 1D NO:G4, BEQ D NGBS, or
SEQ D NOBS.

(048] In another embodiment, the present disclosure provides a prostate-specific
membrane antigen (PSMA}-binding polypeptide that specifically binds human PSMA and
comprises a first binding domain comprising (i) an immunogiobulin fight chain variable region
comprising CDRs LCDR1, LCDR2, and LCDR3, and (i} an immunoglobulin heavy chain
variable region comprising CDRs HODR1, HODRZ, and HCDRS; wherein LCDR3 has th
amine acid sequenca set forth in SEG 1D NOHT and/or HODR2 has the amino acid
seguence set forth in SEQ D NG:11. In soeme embodiments, LCCRT and LCORZ have the
amino acid sequences as set forth in SEQ 1D NG5 and SEQ 1D NG8, respactively,
ardfor HCDRY and HODR2 have the amino acid sequences as sel forth in SEQ 1D NGOG
and SEQ 1D NGO, respectively. In some variations, LCORY, LCDR2Z, and LCDRS have the
amino acid seauances as sat forth in SEQ 1D NOUSE, SEQ 1D MO8, and SEQ D NO17,
raspectively; and HCDRT, HCDRZ, and HCDRE have the aminc acid seguances as set forth
in SEQ D NG, SEG D NO:10 and BEQ 1D NO:11, respectively. In some variations, (i} the
fight chain variable region comprises an amino acid sequence thai is at ieast 80%, at least
95% af least 89%, or 100% identical to the amino acid sequence set forth in SEQ 1D NOS
or SEQ D NO23: and/or (i) the heavy chain variable region comprises an amino acid
sequence that is at least 0%, at least 95%, at least B9%, or 100% identical to the amino
acld sequence set forth in SEQ D NO.2, SEQHD MO25, or SEQ 1D NOZ7. In certain
embodiments, the light chain variable region is encoded by a nucleic acid sequencs that is at
laast 00%, at least 85%, at lsast 99%, or 100% identical fo the nuclaic acid seguence sel
forthy In SEG D MO, SR ID NG44, or SEG %i.? NOZE: andfor the heavy chain variable

pegion is encoded by @ nueleic acid sequence that s at least Ji}%! at least 85% ) af least
DO, or T00% identica o the nucleic acld sequence set forth in SEQ D NON, BEG D

NO:24, or SEQ 1D NO:26. One or both of the light and heavy chain variable regions can be
humanized. 1n some embaodiments, the PSMA-binding polypeptide is capable of forming a

dimer with 2 second, identical polypeptide chain.

GU17]  In certain embodiments disclosad herein, the first binding demain is a single chain

3

o

Fv {scFv) comprising the immunogliobulin light and heavy chain variable regions. In soms
embodiments, PSMA-binding scFvs include, for example, schvs comprising an amine acid
sequence that is at least 90%, at least 85% at least 99%, or 100% identical to the amino acid
set forth in SEQ 1D NGOG, SEQ 1D NO:21, SEQ 1D NO:30, SEQ 1D NO:31T, SEQ ) NO:34,
or SEQ 1D NG:35. In certain embodiments, the heavy chain variable region of the schv is
carboxyl-terminal to the fight chain variable region (a "VI-VH crientation”). In some

embodiments of an sciv having a VL-VH orlentation, the scFv comprises an aming acid
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seguence that is af least 90%, at least 85%, at least 88%, or 100% identical to the amino
acid sequence set forth in SEQ 1D NC:21, SEQ D MO30, or SEQ 1D NO:31. The light chain
varizble region and heavy chain variable region of the scFv can be joined by a peptide linker
such as, for example, a peplide linkar comprising an amino acid sequence (GlySer),,
wharein n = 1-5 (SEQ 1D NO:185).

180481 in certain embodiments, the PSMA-binding polypeptide further includes an
immunogiobulin constant region. For example, in some variations, the immunoglobulin
constant region comprises immunoglobulin CH2 and CH3 domains of 1gG1, g2, 1gG3,
lgG4, IgAt, 1gA2, or lgD. In some variations, the PBMA-binding polypeptide further includes
one or more hinge regions. In certain embodiments, the linge region can be derived, for

instance, from a stalk region of a type I C lectin or from an immunoglobulin hinge region.

00487 In another embodiment, the PSMA binding polypeptide comprises, in order from
amino to carboxyl-lerminus, a first binding domain, a hinge region, and an imrmunoeglobulin
constant region. A PSMA-binding polypeptide in this format can also be referred to as a
PSMA-specific SMIP molecule. General SMIP configurations are provided, for example, in
US Patent Application Publication Nos. 2003/0133939, 2003/0118592, and 2005/0138048,

which are incorporated herein in their entively by refersnce.

00201 In ancther embodiment, the orientation of the polypaplids is reversed such that the
polypeptide compriges, in order from amino to carboxyl-terminus, an immunogiobulin
constant region, a hinge region and a first binding domain. In this orlentation, the
polypeptide can aiso be referred to as a PSMA-specific PIMS molecule. General PIMS
configurations are provided, for example, in US Patent Application Publication No,
2008/0148447 which is incorporated hersin in its entirety by refarence. In soms
embodiments, 2 PSMA-binding polypeptide having an immunoglobulin constant region and,
optionally, 2 hinge region as disciesed herein is capable of forming a dimer with a second,
identical polyvpeptide chain through association between the respective immunoglobulin

constant regions and/or hinge regions,

0241 In ancther embodiment, the PSMA-binding pelypeplide includes a second binding
domain, such as, e.¢., a single-chain Fv (scFv). For example, in some varations, the
PSMA-binding polypeptide comprises, in arder from amine-terminus to carboxyi-terminus or
in order From.carboxyi-terminus o amino-terminus, (a) a first binding domain, (b) a first hinge
region, (¢} an immunoglobulin constant region, (d) a second hinge region, and (e} a second

hinding domais.

022t In yet ancther embodiment, the present disclosure provides a PSMA-pinding

polypeptide as in other embodiments disclosed herein and comprising anr additional binding

.
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domain, e.q., a second binding domain, wherein the second binding domain specifically
binds a T cell. In certain embodimants, the second binding domain specifically binds a T ceil
receptor (TCR) complex or a component thereof. In some embodiments, the second binding
domain includes those that specifically bind CD3, e.¢g., CD3e. In cerlain variations, the
second binding domain competes for binding to CD3 with the CRIS-7 or HuM291
monectonal antibody. In some such variations, the second binding domain comprises an
immuneglebulin fight chain variable region and an immunoeglobulin heavy chain variable
region derived from the CRIS-7 or HUMZ91 monoclonal antibody. For example, in certain
embadiments, the light and heavy chain variable regions of the second binding domain are
humanized variable regions comprising, respectively, the light and heavy chain CORs of the
CRIS-7 or HuM291 monocionat antibody. In another embodimeant, the light and heavy chain
variabie regions of the second binding domain are salecled from (a) & light chain variable
region comprising an amino acid sequence that is at least 90%, at least 85%, at least 899%,
or 100% identical to the amino acid seguence set forth in residues 138-245 of 3EQ 1D
NO:47 and a heavy chain variable region comprising an amino acid sequence that is at least
90%, at least 85%, al least 98%, or 100% identical fo the amino acid sequence sei forth in
residues 1-121 of SEQ D NO4T, and (b) a light chain variable region comprising an amino
acid sequence that is al least 0%, at least 85%, at least 89%, or 100% identical io the
amine acid sequence set forth in residues 634-740 of SEQ 1D NO78 and a heavy chain
variable region comprising an amino acid sequence that is at least 90%, al least 95%, at
least 99%, or 100% identical to the amino acid sequence set forth in residuss 486-816 of
SEQ D NOTS.

[B0231  In certain embodiments of a PSMA-binding polypeplide comprising a second
binding domain, the second binding domain is a single-chain Fv (sckv). For example, in
some embodiments of 2 secand binding domain comprising light and heavy chain variable
regions darived from the CRIS-7 moncctonal antibody, the second binding domain is a scky
comprising an amino acid sequence that is at least 80%, at leas! 95%, at least 99%, or
100% identical to an amino acid sequence salected from (i) the amino acid seguence sei
forth in residues 1-245 of SEQ 1D NO47 | and () the amino acid sequence set forth in
residues 496-747 of SEQ 1D NO:78. In some such embodiments, the PEMA-binding
polypeptide comprises an amino acid sequence that is at least B30%, at least 85%, ot least
G9%, or 100% identical 1o the aming acid seguence set forth in SEG 1D NOMS, SEQ D
NO:51, SEQID NOT4, SEQ 1D NO76, SEQ D NO78, SEQ 1D NO:80, SEQ 1D NO:82,
SEQ D NO:84, SEG ID NG1158, SEQ D NO:1680, SEQ 1D NO:182, or SEQ 1D NO: 164,



{0024] In one aspect, there is provided a dimeric PSMA-binding protein comprising first and second

polypeptide chains, wherein each of said polypeptide chains is the PSMA-binding polypeptide as defined
herein,

0251 In another embodiment, the present dissiosure provides a PSMA-binding
polypeptide comprising, in order from amine-terminus to carboxykterminus, (2} a binding
domain that specifically binds human PSMA, (b) a hinge region, (¢) an immunogiobutin
constant region, and (d) an immunoglobulin heterodimerization domain. The
heterodimerization domain can comprise, for example, an immunoglobulin CH1 domain or
an immunoglobulin CL domain. In certain embodimenis, the PSMA-binding domain
competes for binding to human PSMA with a single ¢chain Fv (sefv) having the amino acid
seqguence set forin in SEQ 1D NO:21. In certain embodiments, the PSMA-binding domains
inciude, e.g., the PSMA-binding domains disclosed above.

0028} In some embodiments, the hinge region is derived from an immunoglobulin hinge
region, such as, for example, an immunoglobulin hinge region of IgG1, igG2, 1gG3, IgG4,
IgA1, IgAZ, or igD. Such an immunogiabuiin hinge region can be either a wild-iype or an
altered immunoglobulin hinge region. in further embodiments, the immunogiabulin constant
region comprises immunoglobulin CH2 and CH3 domains, such as, for example,
immunoglobulin CH2 and CH3 domains of 1IgG1, 1gG2, 1gG3, igG4, igAt, 1gAZ, 1IgD, or any
combination thereof; an immunoglobulin CH3 domain of 1gG1, 1gG2, 1gG3, IgG4, IgAl, 1gh2,
gD, IgE, IgM or any combination therecf; or immunoglobulin CH3 and CH4 domains of IgE,

igh or a combinatian thereof.

[00271 In certain embodiments, & PSMA-binding polypeptide includes at ieast one effector
function selected from antibedy-dependent call-mediated cytotoxicity (ADCCY and
complemeant-dependent cytotoxicity {CDC}. in some such embadiments, the hinge region is
derivad from an immunoglobulin hinge region and the immunaglobulin constant region
comprises immunoglobulin CH2 and CH3 domains of igG1, igG2, g3, or igG4. In more
specific variations, the immunoglobuiin hings region is derived from the hinge region of IgG1
and the immunoglobulin constant region comprises immunogiobulin CH2 and CH3 domains
of 19G1.

[0028] Incertain embodiments, a PSMA-binding polypeplide comprises an amino acid
sequence that is at ieast 80%, at least 85%, at Isast 28%, or 100%% identical to the amino
acid seguence st forth in SEQ (D NC:48, SEQ 1D NO:58, SEQ 1D NO:59, SEQ 1D NC:60, or
SEQ 1D NO:B1.

(06291 in another embodiment, the present disclesure provides a PSMA-binding protain

comprising twe, non-identical polypeptide chains that associate by way of heterodimerization
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domains {&.q., immunoglobulin heterodimerization domains) to form a heterodimer. in some
ambodiments, the heterodimeric FEMA binding protein comprises a first polvpeptide chain
comprising, in order from amineo-tenminus (o carboxyl-terminus, (a) a first binding domain that
spacifically binds PSMA, (b) a first hinge region, {¢) a first immunoglobulin constant region,
and (d} a first immunoglobulin heterodimerization domain, and a second single chain
polypaptide comgrising, in order frorm amina-terminus to carboxvl-terminus, (8") a second
hinge region, (0" a second mmunogicbulin sub-region, and (¢') a second immunoglobudin
heterodimernzation domain that is different from the first immunoglobulin heterodirmerization
dormain of the first polypsptide chain, wherein the first and second immunoglobulin
netercdimerization domaing asseciate with each other o Torm a hetercdimer. In cortain
arnbodiments, the PSMA-binding domain competes for binding to uman PSMA with &
single chain Fv (scfv) having the amino acid sequence set forth in SEQ D NO:21
sartzin embodiments, the PSMA-binding dornalins inchsde, a.g., the PEMA-binding domains

disclosad above.

MeEYT  In cerlain embodiments, hetercdimerization domaing include domains comprising
aither an immunogtobulin CHY domain or an immunoglobulin CL domain, Ins slich
embodiments, the first immunogiobulin beterodimerization domain comprises a first
immunoglobulin CH1 domair and the second irmmunogiobulin heteradimerizaiion domain
comprises a first immunoglobuiin CLodomain. Alternatively, in other emboediments, the first
immunoplobulin heferodimerization domain comprises a first immunoglotudin CL domain and
the second immunoglobulin hetarodimerization domain comprises a first immunoglobudin

CH domain.

031 In scme embodiments, at least one of the first and second hinge ragions is derived
from an immunaglobulin hinge region, such as, for example, an immuncglobulin hinge region.
of lgG1, 1gB2) 1003, g4, lgAT, 1gAZ, or lgD. Such an immunoglobulin hinge region can be
elther a wild-type or an altered immunogiobulin hinge region. In further embodiments, at
least one of the first and second immunogiooulin constant regions comprises
immunogiobulin CHZ and CH3 domains, such as, for example, immunoglobulin CH2 and
CH3 domains of 191, 102, 1gG3, IgiE4, ighl, gAZ, Igh, or any combination thereot, an
irrmunoglobulin CH3 domain of 1gG1, 1gG2, 19G3, 1gG4, IgAT, igAZ, igh, gk, Ighl or any
combination thereof; or immunoglobulin CH3 and CH4 domains of gk, igM or a combination
thergof.
MOEET  In certain variagtions of a helerodimeric PSMA-BInding protein as disclosad herainy,
one or both of the first and sscond polypeptide chains include at ieast one effector function
selacied from antibody-dependent celt-mediated cytotoxicity (ADCE)Y and comalemernt-

dependent cytotoxicity (CDC). In some such embodimants, each of the first and second

&
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hinge regions is derivad from an immunoglobulin hinge region and each of the first and
second iImmunoglobulin constant regions comprises immunoglobulin CH2 and CH3 domains
of lgG1, IgG2, 1gG3, or lgG4. In cerfain embodiments, sach of the the Tirst and second
hinge regions is derived from the hinge region of IgG 1 and each of the the first and second

imrmunoglobulin constant region comprises immunoglobulin CH2 and CH3 domains of igG1t,

1

herain, B

00331 In some embodiments of a hetgrodimeric PSMA-binding protein as disclosed

= second polypeptide chain further includes a second binding domain. For
axample, the second polypeptide chain can further comprise & second binding domain
amino-terminal to the second hinge region.
100341 In ceriain variations, a heterodimeric PSMA-binding protein as disclosed hergin can
haterodimeric PSMA-binding protein is mullispecific. For instance, each polypeptide chain of
ihe heterodimer can comprise different binding domains, e.g., the first polypentide chain
comprising the PSMA-binding domain aryd the secdnd polypentide chain comprizing a
sacond binding (e.4., aminc-terminal fo the second hinge region) that is specific for a second

target antigen that is different from PSMA

BO3E]  Insome embodiments of a mullispecific, heteroaimeric PSMA-binding protein, the
second binding domain specifically binds a T-calll In certain embodiments, T-cell-binding
domains include, e.g., the additional binding domaing and second binding demains disclosed
above. Incertain embodimenis of 2 helerodimarie PEMA-binding protein comprising 2
second binding domain that specifically binds a T-cell, for example, (&) the first polypeplide
chain comprisas an amine acid sequence that is al least 80%, at least 95%, at least 99%, or
100% identical to the amine acld seguence set forth in SEQ D NO: 46 and the second
polypeptide chain comprisss an amino acid sequence that is at least 90%, at least 95%, at
least 89%. or 100% identical to the amino acld sequence set forth in SEQ 1D NO; 47, (b) the
first polypeptide chain comprises an amine acid sequence that is at least 80%, at legst BE%,
at lesst 99%, or 100% dentical o the aming acid sequeance set forth in SEQ D NO: 58 and
the second polypeptide chain comprises an aming acid sequence thatl is at least 90%, al
least 95%, at inast 99%, or 100% idsntical to the aminc acid sequence set forth in SEQ 1D
NO: 87 (o) the first polypeptide chain comprises an aming acid sequence that is at least
a0% al least 95%, af teast 99%, or 100% identical to the amino acid seguance set forthy in
SEQ D NO: 58 and the second polypeptide chain comprises an amino acid sequence that is
at least 90%, al lsast 95%, at least 99%, or 100% identical {o the amino acid sequence sat
forth in SEQ 1D NO: 57; (d) the first polypeptide chain comprises an amino acid sequences
that is at least 98%, af least 95%, at least 98%, or 100% identical to the amino acid

saguence set forth in SEC 1D NO: 80 and the second polypeptide chain comprises an amino

oy
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acid seqguence that is at least 80%, at least 85%, at least 89%, or 100% identical {o the
amino acid sequence set forth in SEQ 1D NO: 47; or (e) the first polypepiide chain comprises
an amiro acid sequence that is at least 90%, at least 95%, at least 99%, or 100% identical to
the amino acid sequence set forth in SEQ 1D NO: 81 and the second polypeptide chain
comprises an amino acid sequence that is at least 90%, at ieast 85%, at least 99%, or 100%
identical to the amino acid sequence set forth in SEQ 1D NO: 47.

(00381 In certain embodiments of a dimeric or heterodimeric PSMA-binding protein as
disclosed herein, the PSMA-binding protein exhibits increased serum half-life, reduced
internatization by a celi expressing PSMA, and/cr incraased time of persistence on the
surface of the cell expressing PSMA as compared {o the murine monoclonal antibody 107-
1A

{0037] In one aspect, there is provided an isolated nucleic acid encoding the PSMA-binding polypeptide as
defined herein. For example, in certain variations, the nucleic acid

comprises {he nucleotide sequence set forth in SEQ {D NO NC:18, SEQ 1D NO:20, SEQ ID
NC:22, 585G D NO-24 SEQ 1D NO26, SEQID NO;28, SEG 1D NO:28, SEQ 1D NO:32Z,
SEG D NGRS, SEQID NCG38, SEG D NOI7, SEQ D NG4D, SEQ 1D NO:41, SEQID
NO:44, BEQ D NO:4R, SEQ 1D NO-B0, SEQ D NOER, SEQ D NO:54, SEQ 1D ROES,
SEQ D NOES, SEG 1D NOBS, SECID NOTT, SEQ D NOLTS, 8EQ 1D NGITS, SEQID
MNCHTT, SEQID NOITE, SEQ IR NO:81, SEQID NC:E3, SEQID NOMET, 8EQID NOES,
SEQ D NO:161, or SEQ 1D NO:163.

I0028]  In another embodiment, ihe present disclosure provides an expression vector for
expressing a PSMA-binding polypeptide or protein as disclosed herein in a recombinant host
cell. in some embodiments, the expression vector comprises a nucleic acid segmeant
encoding the PSMA-binding polypeptide, wherein the nucleic acid segment is operably
linked to reguiatory sequences suitable for expression of the nucieic acid segment in a host
cell. Ih some embodimeants, the nucleic acid segment comprisas the nucleotide sequence
set forth in SEQ 1D NO NQ:18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ 1D
NO:28, SEQ ID NO:28, SEQ 1D NO:28, SEQ D NO:32, SEQ ID NO:33, SEQ 1D NO:36,
SEQ ID NO:37, SEQ 1D NO:40, SEQ 1D NG:41, SEQ ID NC:44, SEQ 1D NO:48, SEQ D
NO:50, SEQ 1D NO:A3, SEQ 1D NOi54, B8EQ 1D NO:5E, SEQ 1D NO:56, SEQ 1D NO:88,
SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO77, SEQ ID NC:78, SEQ ID
NQ:81 SEQ D NO:&3, SEQ D NO:157, SEQ 1D NC:159, SEQ 1D NO:1861, or SEQ ID
NO:183. In other embodiments, the expression vector comprises first and second
expression units, wherein the first and second expression units respectively comprise first
and second nucleic acid segments encoding the first and secand potypeptide chains of &

heterodimeric PSMA-binding protein as in certain embodiments disclosed herein, and
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wherzin the first and second nucieic acid segments are operably iinked to regulatory
sequences suitable for expression of the nucieic acid segments in a host cell. In certain
variations, {a) the first nucleic acid segment comprises the nucleoctide sequence set forih in
SEQ 1D NO:44 and the sscond nucleic acid s=gment comprises the nuclectide sequance sat

rth in SEQ 1D NO:4S; (b) the first nucleic acid segment cornprises the nucleotide saguance

setforth in SEG 1D ND:53 and the sacond nucleic acid segment comprises the nucleotids
s2quence set forth in SEQ 1D MOSZ; (¢} the first nucleic acid segment comprises the

nuciectide sequence st forth in 320 10 NO:54 and the secend nucisic acic

£

segmeant

somprises the nuckeotide sequeance sat forth in SEQ 1D NOD2; (d) the first nucieic acid

segment comprises the nucleotide seausnce sstiorth in SEQ 1D NOE5 and the sscond
nuzcieic acid segmant compnses the nucieotids saguence sat forth in SEQ 1D NG4S, or (g)

{00382] In one aspect, there is provided a recombinant host cell comprising the macleic acid as defi
above.

(00287 in another ambodimant, the prasent disclosurs provides a recombinant host cell

comprising an expression vactor disclosed herein,

[3040]  In another embodiment, the prasent disclosure provides a method for producing a
PSiA-binding polypaptids or protein. For example, in some embodiments, the mathod is for
progucing a PSMA-binding pelypeplide as disclosad nerein. In certain embodiments. the

metnod genarally inciudes culturing & recombinant host cell comprising an expression

vacior, wharain the axpression vecior comprises a nuciasic acid

s

sgment that encodes the

oy

3

PSiMA-binding polypeptide and 15 operably linked o regulatory sequences suilabls for

mxpression of the nuclele acd segment in the hozl cell, and whnerain the cultunng is under

dittons wharsby the nuglaic acid s

v producing ihe PSMA-

binding nolypentide  in certam var fcomprisas the

SEG D NDST, 320D 107, 520 1D NCHTS
1D RNOIB2 . in cerain embodimeanis, the methed further includes recoverin

fined



(0041} in some embodiments, the method is for preducing a dimeric PSMA-binding protein
as disclosed herein. In certain variations, the nucleic acid segment of the expression vector

encodes the PSMA-binding polypeptide as disclosed herein, and the culturing is under

12a



conditions whereby the nucieic acid segment is expressad and the encoded PSMA-binding
polypeptide is produced as a dimeric PSMA-binding protein. The method can further inciuds
recovering the dimeric PSMA-binding protein,

[0042] in other embodiments, the mathod is for producing a heterpdimeric PSMA-binding
protein disciesed herein. In certain embodiments, the method generally includes culturing a
recombinant host call comprising first and second expression units, wharsin the first and
second expression units respectively comprise first and second nucleic acid segments
encoding the first and second polypeptide c¢hains of a haeterodimeric PSMA-binding protein
as set forth herein, wherein the first and second nucieic acid segments are operably finked to
regulatory sequances suitable for expression of the nucleic acid segments.in a host call, and
whersain the culturing is under conditions whersby the first and second nucleic acid segmants
are exprassed and the encoded polypeptide chains are produced as the heterodimeric
P3SMA-binding protein. in some embodiments, the mathod further includes recavering the
heterodimeric PSMA-binding protsin.

[6042a] In one aspect, there is provided a composition comprising the PSMA.-binding protein as defined
above; and a pharmaceutically acceptable carrier, diluent, or excipient.

[0043]  in another embodiment, the present disclosure provides a compesition comprising
any of the PSMA-binding polypeplides or proteins as set forth herein and 2 pharmaceuticaily

acceptable carrier, dilusnt, or excipiant.

[0044]  in another embodiment, the present disclosurs provides a method for inducing
antibody-dependent cell-mediated cytotoxicity (ADCC) or complemant-dependent
cytotoxicity (CDC) agamst a cell expressing PSMA. For examplz, in some embodimants, a
method for inducing ADCC or CDC against the cell expressing PSMA includes contacting
the PoMA-sxpressing cell with a dimeric PSMA-binding protein comprising first and second
péiypepﬁde chaing, wherein each of the polypeplide chains is & PSMA-binding polypeptids
as disciosed herein, and wherein the contacting is under conditions wheraby ADCC or CDC
agéinsT the PSMA-expressing cell is Induced. In other embodiments, a method for inducing
ADCC or CDC against the PEMA-axpressing cell inciudes contacting the cell with 2
heterodimeric PSMA-binding protein as in paragraph [0031], wherain the contacting is undar

conditions whereby ADCC or CDC against the PSMA-exprassing cell is induced.

[0044aj In one aspect, there 15 provided an ex vivo method for inducing redirected T-cell cytotoxicity
{ RTCC) against a cell expressing prostate-specific membrane antigen (PSMA), the method comprising
contacting said PSMA-expressing cell with the PSMA-binding protein of any as defined above, wherein
said contacting is under conditions whereby RTCC against the PSMA-expressing cell is induced.

13



[0045] In ancther embodiment, the present disclosure provides a methad for inducing
redirectad T-cell cytotoxicity (RTCC) against a cell expressing PSMA. In some variations, a
method for inducing RTCC against the cell expressing PSMA includes contacting the PSMA-
expressing cell with a dimeric PSMA-binding protein comprising first and second polypeptide
chains, wherein each of said polypeptide chains is @ PSMA-binding polypeplide disclosed
herein, and whergin the contacting is under conditions whereby RTCC against the PSMA-

expressing celi is induced. in other embodiments, a method for indusing RTCC against the

132



P8 A-expressing cell includes contacting the cell with a heterodimaric PSMA-binding
protein as disclosed herein, wherein the contacting is under conditions whereby RTCC
against the PSMA-expressing cell is induced.

[0046] In another embodiment, the present disclosure provides a method for treating a
disorder in a subject, wherein the disorder is characterized by overexpression of PSMA. In
some embodiments, the method inciudes administering to the subject a therapeuiically
effective amount of a dimeric PSMA-binding protein disclosed above. In some such
embodimants, the first and second polypeptide chains of the dimeric PSMA-binding protein
is a PSMA-binding polypeptide, e.g., as disciosed above, and the dimeric PSMA-binding
protein induces redirected T-cell cytotoxicity (RTCC) in the subject. In ether variations, the
method includes administering to the subject a therapeutically effective amount of a
heterodimeric PSNMA-binding proiein, e.g., as disclosed above. In some variations, the
heterodimeric PSMA-binding protein is a protein as disciosed above, and tive heterodimeric
PSMA-binding protein induces RTCC in the subject. In certain embodiments of the
disclosed methods, the disorder is a cancer such as, for exampte, prostate cancer (e.g.,
castrate-resistant prostate cancer), colorectal cancer, gastric cancer, clear cell renal
carcinoma, bladder cancer, or lung cancer. In soms embodiments, the disorder is & prostate
disorder such as, 2.g., prostate cancer or benign prostatic hyperplasia. In other vanations,
the disorder is an neovascular disorder. The neovascular disorder to be treated can be, for
example, a cancer characterized by solid tumor growth such as, e.g., clear cell renal

carcinoma, colorectal cancer, bladder cancer, and lung cancer.

{0046a] In one aspect, there is provided the use of the dimeric PSMA -binding protein as defined above in
the manufacture of a medicament for treating a disorder in a subject characterized by overexpression of
prostaic-specific membrane antigen ( PSMA), wherein preferably, the disorder is a cancer, a prostate
disorder, a neovascular disorder, a prostate cancer, colorectal cancer, gastric cancer, castrate-resistant

prostate cancer, benign prostatic hyperplasia, solid tumor growth, clear cell renal carcinoma, colorectal
cancer, bladder cancer, or lung cancer.

{0647] These and other embodiments and/or other aspects of the disclosure will become evident upon
reference to the following detailed description of the disclosure and the atiached drawings. |



DESCRIPTION OF THE FIGURES

[0048] Figure 1 is a graph illustrating the resuilts of a binding study used to compare the
parent 107-1A4 murine antibody (TSC045) with TSC085, TSC082 and TSC122 in PSMA(+)
(LNCaP) and PSMA(-) (DU-145) prostate cancer cell lines.

[0048] Figure 2A is a graph iliustrating the resulis of a binding study used to compare
humanized TSC188 and TSC189 in PBMA+) (C4-2) and PSMA(-) (DU-145) prostate cancer

gell lines.

100501 Figure 2B is a graph illustraiing the results of a binding study used to compars
binding of humanized SCORPION molecuies TSC184 and TSC188 to that of parent

ida
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humanized SMIP molecules T5C188 and TSC189% and chimeric Interceptor molacule
TSGA22 in PBMA) (C4-2) and PSMA(-) (DU-145) prostate cancer cell lings.

‘S051T Figure 3 s a graph illustrating the resulis of intermatization experimants comparing
X h 3

the parent 107-1A4 murine antivody 1o PEMA-binding proteins built on Interceptor and SMIP

somffolds,
OS2 Figwre d s g {;zrﬁph ustezaiing polent larget-dependent oyinionio aotivily over 24
botrs chaerved with the chimeric TBO122 nterceptor molacule st dacreasing concantrations

A00, 100, 30 10 and 0 pld) in the presence of T oalls from human blood from two different

gonors (abeled as AG and WY

AT R b

P g\gw

G831 Figure 5 s a graph flustrating ovintoxicity sotiily of TRO200, TSCIN2, THCI04

alongsids the parent chimerns Interceptor moleculs THGAZ

0RL]  Figure 8 8 a graph Bustrating T-cell oviotodiclly mediated by humanized 107-144
SCORPION molecules (TS84, TRC1E9, TSC212, T3C213) compared to the chimearic

IS

infercentor moleculs T30122,

IBNEST  Figures 7A and 78 are graphs illustrating target-dependant profiferation of CD4+ T+
cells (Figure 7A) and CO8+ T-cells (Figure 78) induced by anti-P3MA bispectiic malecules,
TRC194, TECTRY, TSC202 ana TEC122) reacting with C4-2 calls.

e

s Figures SA-8C are graphs dlusirating compstitive binding studies of mAbs J581 and
J415 varaus 107-1A4 mAb and chimeric and humanized 107-1A4 SMIP molecules io PSMA
on C4-2 cells. Specifically, Figure 8A shows the resulls of a competitive binding assay o
determineg i the humanized J581 antibody (Hub81) compeles with the binding of 107-1A4,
J591 or 415 muring antibodies to PEMA on 04-2 cells; Figure 88 shows the resulls of a
compeatitive binding assay to determing if the three muring antibodies compete with the
Hinding of the chimeric 107-1A4 SMIP molecule (TSCOBD) to PESMA on C4-2 calls; and

Figurs BC shows the resulis of a compelitive binding assay to determine i the three rurine
antinodies commete with the binding of the humanized 107144 SR moelscude (TSOTEY D

POMA o

4 ot
ryina-F calls,

3
.,,(

™

DETAILED DESCRIPTION OF THE INVENTION

I General Descrigtion

GOET]  The invention provides PSMA-binding polypeptides and proteins that specifically
bind prostate-spaciic membrane antigen (PSMA). Administration of a therapeuticaily

sffective amount of 2 PEMA-binding polypaptide or protein of the invenlion to a patlent in

15
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need thered! is useful for treatment of carlain disorders associatad with the over-expression
of PSMA, including certain cancers and prostate disorders. In one embodiment, the PSMA-
binding polypeptide or protein simultancously bind a target cell over-exprassing PSMA and a
T-cell, theraby “cross-linking” the target cell over-expressing PEMA and the T-cell. The
binding of both domains to their targsts elicits potent {arget-dependent redirected T-call
cyiotoxicity (RTCC) {e.g., induces target-dependent T-cell cytotoxicity, T-cell activation and

T-cell proliferaiion).

00881 The saction headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter describad. Al documents, or portions of
documents, oited herain, including but not limited to patents, patent applications, articles,
noaks, and ireatises, are hereby exprassly incorporated by reference in their entirety for any

H

purpoase. in ihe event that one or morg of the incorporated documents or portions of
documents define a term that contradicts that ferm’s definition in the application, tha

definition thal avpears in this application controls

0051 In the present description, any concentration range, percentage range, ratio range,
or integer range is to be understood 1o include the value of any integer within the recited
range and, when appropriate, fractions thereof (such as one tenth and one hundradth of a
integer), unless ofherwise indicated. As used herein, "sbout” means & 20% of the indicatsd
rangs, value, or structure, uniess otherwise indicated. 1 shouid be understood that the
ferms "a" and "an” as usad hersin refer to "one or more” of the enumerated components
unless otherwiss indicated. The use of the allemative (e.4., "or") should be undarstood to
mean either one, both, or any combination thersof of the alternatives. As used heereim_ihe
terrns "include” and "comprise” are used svnaﬂymomw in addition, it shouid be undersiood
that the polypeptides comprising the various combinations of the components (e.g., domains
or regions) and substituents desoribed herein, arg disclosed by the present application to the
sarme extent as if each polypeptide was set forth individually. Thus, selection of particular

componanis of individual polypeptides s within the scope of the present disclosura,

if. Definitions

m060]  As used herain, the term "binding domain” or "binding region” refers 1o the domain,
region, portion, or site of a protein, polypeptide, oligopeptide, or peplide that possesses the
ability to specifically recognize and bind o a target molecule, such as an antigen, ligand,
receptor, substrate, or inhibitor (e.g., CD3, PSMA). Exemplary binding domains include
single-chain antibody variable regions {e.g., domain artibodisy, 8Fy, acFv, scFab), recaptar

actodomains, and ligands (e.¢., gytokines, chemokines). In cerlain embodiments, the
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binding domain comprises of consists of an antigen binding site (e.g., comprising a variable
heavy chain sequence and variable light chain sequance or three light chain complemeritary
determining regions (CDRs) and three heavy chain CORs from an antibody placed into
alternative framework regions (FHs) (e.g., human FRs optionally comprising ong or more
armino acid substitutions). A variety of assays are known for ideniifying binding domains of
the present disclosure that specifically bind a particular target, including Western blot,
ELISA, phace display library screening, and BIAGCORE® interaction anaiysis. As used
herain, a PSMA-binding polypeptide can have a “first binding domain” and, optionally, a
“second binding domain.” In certain embodiments, the “irst binding domain’ is a PSMA-
binding domain and, depending on the particular nolypeptide format (e.g., SMIP or PIMS),
can be located at sither the amino- or carboxyl-lerminus. In ceriain embodiments
cormprising both the first and second binding domaing, the second binding domain is a T cell
hinding domain such as a scFy derived from a mouse monoclonal antibody (e.g., CRIS-T}
that binds to a T cell surface antigen (e.g., CD3). in other embuadiments, the second binding
domain is a second PSMA-binding domain. In yet other ambodiments, the second binding

domain is @ binding domain othar than a PBMA-binding domain or a T cell binding dormain.

0617 A binding domain “specifically binds” a targst if it binds the target with arn affinity or
K, (e, an eqguilibrium association constant of a particular binding interaction with uniis of
1/M) equal to or greater than 10° M, while not significantly binding other components,
present in a test sample. Binding demains can be classified as "high affinity” binding
domaing and “tow affinity” binding domains. “High affinity” binding domains refer to thoss
ninding domains with a 1K, of at least 107 M7, at least 10° M7, at least 10° M7, at least 107
M7, atleast 107 MY at least 10" M, or atieast 10" M. "Low affinity” binding domains
refer to those binding domains with a 1, of up to 107 M7, up to 10° M7, up.to 10° M.
Alternatively, affinity can be defined as an equilibrium dissotiation constant (Kg) of a
particular binding interaction with units of M {2.g., 10° M to 107" M). Affinities of binding
domain polypeptides and single chain polypeptides according to the oresent disclosure can
he readily determined using conventional fechnigues (see, e.g., Scalchard et al. (1949) Ann.

MY Anad. Sol 51680 and U.S. Patent Nos. 5,283,173, 5,488 814, or the sguivalent).

00821 "CD3 is known in the art as a multi-protein complex of gix chains (see, e.g., Abbas
and Lichtman, 2003; Janewsay ef al, p. 172 and 178, 1989}, which ars subunits of the T csll
recepior compiex. In maynmals, the CD3 subuniis of the T cell receptor complex are a G5y
chain, a CD36 chain, two CD3s chains, and a homodimer of CD3T chains. Tha CD3y,
CD328, and CD3e chains are highly related cell surface preteins of the immunocglobulin
suparfamily containing a single Immunoglobulin domain. The transmembrane regions of the

CD3y, CD36, and CD3e chains are negalivaly charged, which is a characteristic that allows



WO 201145714 PLTIUS201 /8345875

these chains to associate with the positively charged T cell receptor chains. The intraceliular
taits of the CD3y, 0036, and CD3e chains each contain a single conserved motif known as
an immunoreceptor tyrosine-based activation motif or ITAM, whereas each CD3[ chain has
thres. Kis believed the ITAMs are imporiarnt for the signaling capacity of a TCR complax.
D3 as used in the present disclosure can be from various animal species, including human,
monkay, mouse, rat, or other mammals.

[D0B3]  As used herein, a “conservative substitution” is recognized in the art as a

4

substitution of one amine acid for another amino acid that has similar properties. Exemplary
consarvative substitutions are well-known in the art (ses, e.g., WO 97/08433, pags 10, '
nublished March 13, 1997, Lehninger, Biochemistry, Second Edition; Worth Publishers, inc.
MY WY (1975), pp.71-77, Lewin, Genes IV, Oxford University Press, NY and Cell Press,

Cambridge, MA (1890), p. 8). In cerfain embodiments, a conservative substitution includes a

lsucing to serine substitution

IO064]  As used herein, the term "derivative” refers to a modification of one or more amino
cid residues of a peptide by chemical or biological means, either wilh or without an enzyme,

e.¢., by giycosylation, alkylation, acylation, ester formation, or amide formation.

MOEET  As used herein, a polypeptide or amino acid sequence “derived from” a designaied
nolypeotide or protein refers to the origin of the polypeplide. in certain embeodiments, the
nolypeptide or amino acid sequence which is derived from a particular sequence (sometimes
referred to as the "starling” or "sarent” or "parental" sequence) has an aming acid sequence
that is essentially identical to the starting sequence or a portion thereof, whereain the portion
conisints of af lsast 10-20 aming acids, at ieast 20-30 amino acids, or at least 30-50 amino
acids, or at lzast 50-180 amino acids, or which is otherwise identifiable o one of ordinary

skill in the art as having its origin in the starting sequence.

ID0(86]  Polypeptides derivad from ancther polypeptide can have one or more mutations
refative to the starting polvpeptide, e.g., one or more amine acid residues which have been
substituted with another aming acid residus or which has one or more aming acid residue

insertions or deletions. The polypeptide can comprisé an amino acid sequence which is not
naturally soourtng. Such variations necessarily have less than 100% sequence identity or
similarity with the starting polypepiide. in one embodiment, the variant will have an amino
acid sequence from about 60% to less than 100% amino acid sequence identity or simitarity
with the amino acid sequence of tha starting pelypeptide. In another embodiment, the
variant will have an amine acid sequaence from about 75% fo less thant 100%, from about

B0% to less than 100%, from about 85% 1o less than 100%, from about 80% to less than
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100%, from about 95% to less than 100% amino acid sequence identity or similarity with the

arnino acid sequence of the starting polypeptide.

60671  As used herein, unltess ctherwise provided, a position of an amino acid residue in a
variable region of an immunoglobutin molecule is numbered according to the Kabat
numbering convantion (Kabat, Sequences of Proteins of Immunological Interest, 5% ad.
Bathesda, MD: Public Health Sarvice, Mational institutes of Health (1991)), and a position of
an aming acid rasidue n a constant region of an immunoglobulin melecule is numbersd

acooiding to EU nomenclature (Ward ef al., 1995 Therap. Immunol. 2:77-84).

{00881  As used hersin, the term “dimes” refers to a biologicat entity that consists of two
subunits associated with each other via one or more Torrns of inframolaecular forces, including
covalent bonds (e.q., disuifide bonds) and other interactions (e.g., electrostalic interactions,
salt bridges, hydrogen bonding, and hydrophobic interaciions), and s stable under
appropriate conditions (e.g., under physiological conditions, in an agueous solution sultable
for exprassing, purifying, and/or storing recomibinant proteins, or under conditions for non-
denaturing and/or non-reducing elecirophoresis), A "heterodimer” or “heterodimeric protein,”
as used herein, refers (o a dimer formed from two different polypeptides. A heterodimer
does not include an antibody formed from four polypeptides (ie., two light chains and two
neavy chaing). A “homodimer” of “homodimeric proteln,” as used herein, refars 1o a dimer

formed from two identical polypestides.
) 7 3

IS665]  As used herein, a *hinge region” or a “hinge” refers o a polypeptide derived from
(2} an interdomain region of a fransmembrane protein (e.g., a type 1 fransmembrane
oroftein); or {b) a stalk region of a type il C-lectin. For example, a hinge region can be
derivad from an interdomain region of an immuneglobulin superfamily member, suitable
hinge regions within this particular class include {} immunogiobulin hinge regicns (made up
of, for example, upper and/or core region(s}} or functional variants thergof, including wild-
type and altered immunogiobutin hinges, and (i) regions (or functional variants thereof) that

connect immunoglobulin V-ike or immunoglobulin C-like demains.

MOTG] A “wild-type immunoglobulin hinge region” refers to a naturally occurring upper and

A

7

middle hinge amino acid sequences interposed batwaen and connecting the CH1 and CH2Z
domains (for 1gG, IgA, and igD) or interposed between and conneciing the GH1 and TH3
dornaing (for IgF and 1gM) found in the heavy chain of an antibody. In certain embodiments,
a wild type immunogiobulin hinge region sequence is human, and can comprise a human

lgG hinge region.

IOG74]  An “altered wild-type immunoglobutin hinge region” or "altered immunogiobulin

hinge region” rafers to (a) a wild type immunoglobulin hinge region with up to 30% amino
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acid changes {e.g., up to 25%, 20%, 15%, 10%, or 5% amino acid substitutions or
deletions), or (b) a portion of a wild type immunogiobulin hinge region that has a length of
about 5 amino adids (e.g., about 5, 8,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,18, or 20
aming acids) up to about 120 amino acids {for instance, having a length of about 10 {o about
40 amino acids or about 15 to about 30 amino acids or about 15 to about 20 amino acids or
about 20 io about 25 amino acids), has up to about 30% amino acid changes (e.g., up to
aboui 28%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, or 1% amino acid substifutions or delations
or a combination thereof), and has an lgG core hinge region as disclosed in
PCT/US2010/82436 and PCT/US2010/62404.

w0721 As used herein, the term “humanized” refers to a process of making an antibody or
immunogiobulin binding proteins and polypeptides derivad from a non-human spacies (8.9,
mouse o rat) less immunogenic to humans, while still retaining antigen-binding properties of
the original antibody, using genetic enginesring techniques. In some embodiments, the
binding domain(s) of an antibody or immunogiobulin binding proteins and polypeplides (e.q.,
light and heavy chain variable regions, Fab, scFv) are humanized. Non-human binding
dormains can be humanized using technigues known as CDR grafting (Jones ef al., Mafure
FA1E22 (1888 and varlants thaereor, im@udémg rashaping” (Verhogyen, s ol 1988 Soence
TAGIR34-1828 Rigohmann, of g, 1988 Neture 332:323-357, ":wm ast, ef &, Bio/Teching
1901 S286-27 1), ‘Byperchimerization” {Quesn, of al, 1988 Froc Natl Acad Soif U84

RE 002040033 Co, af &f, 1881 Prog Mett Acad Sof UEA BRIBEE-287E, Co, ef i, 10492 J
Sranunol 14811481184, and “venaaring” (Mark ef &/, "Dervation of therapsutically aclive
humanized and vaneered ani-CDHE antibodies, by Metealf 8W, Datton B, oda. Celiular
adhasion molecuiar definition o therapeutio potential, New York: Plenum Press, 1884 281~
31y, i derived from s non-human source, other regions of the antibody or immunogiobilin

binding proteins and polypeptides, such as the hinge region and sonstant region domains,

NOTET An immuanogiobulin dimerization domain” or Yirmrmunoglobuiin hetemdimerization
domai”, as usad harein, refers o an mmunogiotulin domain of 2 g}eiypeptééeﬁ chsin that
preferantially interacis or associates with a differen! invnunogiobulin domain of & second
polypeptide chain, whersain the interaction of the different immuncglobulin heterodimearization
dormnains substantiaily contributes to or efficiently promotes heterodimerization of the first and
second polypeptide chains (fe., the formation of a dimer between two differant polypeptide
chains, which is also referred o as a “heterodimar”). The interactions between
imrnunoglobulin heterodimerization domains “substantially contributes to or efficiently
promuotes” the heterodimerization of first and second polypepiide chains if there is a

statistically significant reduction in the dimerization between the first and second polypeptids
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chains in the absence of the immunoglobulin heterodimerization domain of the first
polypaptide chain and/or the immunoglobulin heterodimerization domain of the second
nolypeptide chain. In certain embodiments, when the first and second polypeptide chains
are co-expressad, st least 80%, at least about 60% fo about 70%, at least about 70% to
about 80%, at least 80% to about 80%, 91%, 82%, §3%, 94%, 85%, 96%, 97%, 85%, or
899% of the first and second polypatpide chains form haterodimers with 2ach other.
Representative immunogiobulin heterodimerization domains include an immunoglobulin GH1
domain, an immunoglobulin CL domain {e.g., Ck or CA isotypes), or derivatives thereof,
including wild type immunoglobulin CH1 and CL domains and alterad {or mutated)

immunoglobulin CH1 and CL domains, as provided therain,

ma74l  An “immunogiobulin constant region” or "constant region” is a term defined herain
to refer to a2 peptide or polypeptide sequance that corresponds o or ig derived from part or
all of one or more constant region domains. In certain embodiments, the immunoglebulin
constant region corresponds o or is derived from part or ail of one or more constant region
domaing, but not all constant reglon domains of a source antibedy. In carlain embodiments,
the constant region comprises IgG CH2 and CH3 domains, e.g., 1gG1 CH2 and CH3
domains. In cerfain embodiments, the constant region does not comprise a CHY domain. In
cerlain embodiments, the constant region domains making up the constant region ars
human, in some embodiments (for example, in certain variations of & PSMA-binding
nolypeptide or protein comprising a second binding domain that spedsifically binds CD3 or
another T cell surface antigen), the constani region domaing of a fusion protein of this
disclosure lack or have minimal effector functions of antibody-dependant call-mediated
cytotoxicity {ADCC) and complement activation and complament-dependent cytotoxicity
(CDC), while retaining the ability to bind some Fe receptors (such as FeRn, the neonatal o
recepton and retaining & ralatively long half life i vive. In other varistions, a fusion protein
of this disciosure inchades constant domains that refain such effector function of ane or both
of ARG and OO In cenaln emboadiments, 2 binding domaby of this disclosurs s Tused o
sonstant region, whersin the IgG1 constant ragion has one or moere of the

FINET IS o - £ TR - v i w5 4 FR e 1. Treom eqd wenan (o e i
following aming acids mutaled leucine s position 204 (L2334}, sucing at pasition 2845

LT =) @ £ r

(L2235}, glyoing o position 287 (G287, glutamate at position 318 (E318), lysing st position

Al

& . . N - . i

220 (K220, vsine ab position 322 (KERZ), or any combination theves! (numbering according
to BURL For axample, any one or more of these amino acids can be changad o alanine. Ina

further embodiment, an GG Fo domain has esch of L334, LE3S, GEIT, 315, K320, and

oy

322 {according to BU numbering) mudated to an alaning (e, L2344, LZ38A G237A,

it

S318A, KI204, and KAZZA, respsctively), and optionally an N2974 mutation as well {1 e,

B

sasantially eliminating glycosyiation of the CHZ domaing
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[0a781  “Feregion” or “Fo domain” refers 1o a polypeplide sequence corresponding (o or
derived from the portion of a source antibody that is responsible for hinding to antibody
recapiors on cells and the Glg component of complemeant. Fo stands for “fragment
erystalline,” the fragment of an antibody that will readily form a protein crystal. Distinet
protein fragments, which were onginally described by proteclyvtic digestion, can define the
overall general stricture of an immuncglobulin protein, As originally defined in the literature,
the Fc fragment consists of the disulfide-linked heavy chain hinge regions, CH2, and CH3
domains. However, more recently the taym has been applied to a single chain consisting of
CH3E, CH2, and at least a portion of the hinge sufficient 1o form a disulfide-linked dimer with a
second such chain, For a review of immmunoglobulin siructurs and function, ses Putnam,
The Fiasma Profains, Vol V {Academic Press, Inc., 1987}, op. 49-140; and Padlan, Vol
immunol 31:188-217, 1984, As used herain, the term Fo includes variants of naturally

DCOLTITG SeQURNGes.

00781 As used here the term "SMIP" is used {o refer {o profein scaffold as generally
disclosed in, for axample, in US Patent Application Publication Nes. Z003/0133938,
2O0O30118582, and 2005/0136048, which are incorporated harein by reference in their
ertirety. The "PEMA-specific SMIP molacules” or "SMIP molecules” described in the
Examples and throughout the disclosure herein should be understood to be PSMA-binding
proteins comprising BMIP scaffolding, e.¢., In order from amino to carboxyl-terminus, a first

binding domain, a fiinge region, and an immunoglebulin constant constant region.

77T As used here the term "PIMB" s used to refer to orolein scaffold as generally
diaciosed in, for example, in US FPatent Application Publication No. 2009/0148447  which is
incorporated herein in i3 antirety by referance, The "P3MA-spacific PIMS molacules” or
"PIAS molacuies” deseribed in the Examples and throughout the disclosure herein should
be undarstood to be PEMA-binding proteins comprising PIMS scaffolding, a.g., in order from
aming to carboxyl-terminus, an mmunoglobulin constant ragion, & hinge region and a first

binding domain.

08B As used hereln, the term “Interceptor” is usad (o refer to a monospesfic or
muitispecific hetarodimeric protein scaffold as generally disclesed in PCT anplications
PCTAIS2010/82436 and PCT/USZ0T0/82404, which are incorporated hereln in their antirety.

The "PSMA-specilic interceptor moelecuies” or Yinterceptor molecuiss” described in the
Examples and throughout the disclosure herein should be undersiood o be PSMA-Dbinding
proteins comprising nterceptor scaffolding, e.¢., two non-identical polypeptide chains, each
polyvopeptide chain comprising an immuncglobulin helerodimerization domain. The
interfacing imrmunogiobulin heterodirmerization domaing are differant. In one embodimant,

the immunoglobulin heterodimerization domain comprises a CH1 domain or a derivative
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thereof. In snother embodiment, the immunogiobulin heterodimerization domain comprises
a CL domain or a derivative thereof. in one embodiment, the CL domain is a Ck or CA

lsotype or a derivalive thersof,

06781 As usad herein, "SCORPION", is g term used to refer to a multi-specific binding
nrotein scaffold. SCORPION™ is a trademark of Emergent Product Developrent Seatile,
LLC. Multi-specific binding proteins and polypeptides ars disclosed, for instance, in PCT
Application Publication Ne. WO 2007/146868, U.S. Patent Application Publication No.
FONSAORTR4E POT Applioatinn Publication No. WO 2010/040105, PCT Application
FPublication No. WG 20106/003108, and U5, Patent No. 7,188,707, which are incorporated
herein by reference in their entirety. A SCORPION potypeptlide comprises two binding
domaing ths domains can be designed o speciically bind the same or different targsis),
two hinga regions, and an immunoglobulin constant region. SCORPION proteins arg
homaodimeric proteins comprising two ideatical, disulfide-bonded SCORPION polypepiides.
The "PSMA-spaciiic SCORPION molecules™ or " SCORPION molacules” describad in the
Examples and throughout the disclosure hersin should be understood to be PSMA-binding
orotains somprising SCORFION scaffolding, e.g., two binding domains (the domains can be
designed to spacifically bind the same or different targets), two hinge regions, and an

immuncglobilin constant reglon.

MOBYT  Ag used herein, the "stalk regiory” of a type i C-lectin refers to the portion of the
exiraceliuiar domeain of the ype I C-lectin that is localed betwean the C-type leclin-fike
domain {CTLD; e.q., similar o CTLD of natural killer cell receptors) and the transmembrane
domain. For example, in the human CD84 moleculs {(GenBank Accession Mo, AACS0281 .1
PRI November 30, 1985}, the extraceliuiar domain corrasponds (o amino acid residues 34~
178, whereas the CTLD corresponds to amino acid residues 61-178. Accordingly, the stalk
region of the human CD94 moleculs includes amine acid residues 34-80, which is found
betwaan the membrana and the CTLD (see Bovington ef al., Immunity 1075, 1989, for
daescriptions of othar stalk regions, see also Beavil ef al., Proc. Natl Acad. Soil USA 89:753,
1992 and Figdor ef af, Neture Rev. Immunol. 277, 2002). These type I C-lacting can also
hava from six to 10 junciion amino acids betwaen the stalk region and ihe ransmembrans
ragion or the CTLD. I another example, the 233 amino acid human NKGZA protsin
{GenBank Accession No, P28715.1, PRI June 15, 2010) has a transmembrane domain
ranging from amine acids 71-93 and an exiracslivlar domain ranging from amino acids 84-
233. The CTLD iz compriged of amino acids 118-231, and the stalk region comprises amino
acids 99-116, which is flanked by junictions of five and two amino acids. Othertype H C-
iectins, as well as their sxiracallular figand-bind domains, interdomain or stalk regions, and

CTLDs are known in the art (see, a.¢., GenBank Accession Nos, NP_001883.2;

P
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AAHOT7037 1, PRI July 15, 2008; NP_001773.1, PRI June 20, 1010; AALE5234.1, PRI
January 17, 2002, and CAA04925.1, PRI November 14, 2008, for the sequences of human
CD23, CheY, C72, NKGZA and NKG2D and their descriptions, respectively).

100811 As used herein, the “interdomain region” of a transmembrane protein (e.g., a type |
transmembrane protein) refers to a portion of the extracellular domain of the transmembrene
orotain that is located betwesn two adiacent domains. Examples of interdomain regions
inciude regions linking adjacent ig domains of imrunogliobulin superfamily members (8.4,
an immunoglobulin hinge region from 1gG, oA, g, or igk; the region linking the gV and
igC2 domains of CD2; or the region linking the gV and igC demains of CD80 or CDEE).
Another example of an interdomain region is tha ragion finking the nen-ig and IgC2 domain

of CD22, aiype | sinlic acid-binding lg-liks lectin,

[OBE21 A polypeptide region “derived from” a stali region of a type ! C-lectin, or “derived
frorn” a transmembrane protein interdomain region {e.g., an immunoglobulin hinge region),
refers to an about five to about 150 amino acid sequence, an about 5 fo about 100 amino
acid seguence, an about 5 to about 50 amine acid sequence, an about 5 to about 40 amino
acit sequence, an about 5 o about 30 amine acid sequence, an about 5 to about 25 aminc
acid sequence, an about 5 io aboul 20 amino acid sequence, an about 10 to about 25 amino
acid sequence, an abowt 10 to about 20 aminoe acid sequence, about 8 to about 20 amino
acid sequence, about 9 to about 20 arsino acid sequence, about 10 to about 20 amino acid
sequence, about 11 to about 20 amino acid sequence, about 12 o about 20 amino acid
seguence, aboul 13 to about 20 amino acid sequence, about 14 to about 20 amino acid
sequence, abowt 15 to about 20 amino acid sequence, or an about 5, 6, 7, 8, 8, 10, 11, 12,
314 15,18, 17, 18, 19, or 20 amino acid sequence, wharein all or at least a portion of
which includes (i) a wild-type stalk region or interdomain region sequence; (i) a fragment of
the wild-type stalk region or interdomain region sequence; {iil} a polypeplide having at least
80%, 85%, 80%, or B5% amino acid sequence identity with sither (i) or (i), or (i) either (i) or
(il in which one, two, thres, four, or five amino acids have a deletion, insertion, substitution,
ar any combination thereof, for instance, the one or more changes are substitutions or the
one or more mutations include only one dejetion. In some embodiments, a derivative of a
stalk region is more resistant to proteolyiic cleavage as compared 1o the wild-type sialk
region sequence, such ag those derivad from about eight to about 20 amine acids of
NEGZA, NKGE2D, CD23, Chad, 72, or CDY4.
[6A31  As used haerein, the term “junction amino acids” or "junction amino acid residues”
refers to one or more {e.g., aboul 2-10) amino acid residues between two adjacent regions

or domains of a polypeptide, such as befwsen a hinge and an adjacent immunoglobulin

constant region or betwsen a hinge and an adjacent binding domain or between & peplice
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finker that links twe immunoglobulin variable domains and an adjacent immunogichdlin
variable domain, Junction aming acids can result from the construct design of a polypeptide
{e.g., amino acid rasidues resulling from the use of a restriction enzyme site during the

construction of & nucleic acid molacule encoding a polypeptide).

0841 As used harein, the phrase a “linker bebwesen CH3 and CH1 or CL refers to oneg or
more {g.g., aboul 2-12, about 2-10, about 4-10, about 5-10, about 6-10, about 7-10, about 8-
10, about 9-10, about 8-12, about 8-12, or about 10-12) amino acid residuss bebtween the G-
terminus of 8 CH3 domain (e.q., a wild type CH3 or a mutated CH3) and the N-terminus of

CH domain or CL domain {e.g., Ck).

[BOBET As used herein, the term "patient in need” refers {o a patient at risk of, or suffering
from, = dizaase, disorder or condition that is amenable to reatment or amelioration with a
PSMA-Linding protein or polypaptide or a composition thereof provided hergin,

g yie !

5]

[m0Be]  As used herein, the term “peplide linker” refers to an amino acid sequence that
connects a haavy chain variable region io a light chain variable region and provides @ spacer
function compatible with interaction of the two sub-binding domains so that the resulting
polypeptide retains a spacific binding affinity to the same target molecule as an antibody that
comprises the same light and heavy chain variable regions. In certain embodiments, a linker

is comprised of five fo about 35 amino acids, for instance, about 15 to about 25 amino acids.

[BGRT1T As used herein, the term "pharmaceutically acosplable” refers o moiecular entilies
and cormpositions that do not produce allergic or other serious adverse reactions when
administered using routes well knowit in the art. Molecular entities and compositions
approved by a regulatory agency of the Federal or a state government or fisted in the U5,
Prhiarmacopeia or othar generally recognized phanmacopeia for use in animals, and more

pariicuardy in humans are considered to be “pharmaceutically acceptabig”

IG088]  As used herein, the term “promoter” refers o a region of DNA involved in binding

RMA polyrmerass to initiate transoription.

0088 As used herein, the tenms "nucleic acid” "nucleic acid moleculs,” or
"molynuciaotide” refer 1o deoxyribonuctectides or ribonuclectides and polymers thereof in
gither single- or double-stranded form. Unless specifically limited, the terms sncompass
nucleic acids containing analoguess of natural nuclectides thatl have similar binding propertiss
as the reference nucleic acid and are melabolized in & manner similar to naturally cecurring
nuclectides. Unless otherwise indicaled, 2 particular nucizic acid sequence also implicitly
sncompasses conservatively moditied variants thereof (e.g., degenerate codon
substitutions) and complemantary sequences as well as the sequence explicitly indicated.

Specifically, degensrate codon substitutions can be achieved by generating sequences in

5%

2.
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which the third position of one or mere selected (or all) codons is substituted with mixed-
base and/or deoxyinosine residues (Batzer ef al. (1981) Mucleic Acid Res. 19:5081; Ohisuka
af al. (1988) J. Biol. Chemn. 280:2605-2608, Cassol af al. (1992); Rossclini ef a/l (1884) Mol
Cell. Probes §:91-98). The term nuclaic acid is used interchangeably with gene, cDNA, and
mRNA encoded by 2 gene. As used herein, the ferms "nucleic acid," "nucleic acid molecule®
or "polynucizotide” are intended to include DNA molecules (e.g., cDNA or genomic DNA),
RMA molecules (e.g., mRMNA)Y, analogs of the DNA or BRMA generated using nuciactide

analogs, and derivatives, fragments and homelogs thereof,

(00807 The tarm "expression” refers (o the biosynthasis of a product encoded by a nucleic
acid. For example, in the case of nucleic acid segment encoding a polypeptide of interast,
sxpression involves transcription of the nucleic acid segment into mRNA and the translation

of mRNA into one or more polypepiicdes.

08941  The terms “expression unit” and “expression cassette” are used interchangeably
harein and denota a nucleic acid segment encoding a polypeptide of interest and capable of
oroviding expression of the nucleic acid segment in a host cell. An expression unit typically
comprises a transcription promoter, an open reading frame encoding the polypeptide of
interast, and a transcrintion terminator, all In operable configuration. In addition o &
franscriptional promoter and terminator, an sxpression unit can further include other nucleic

acid segments such as, e.g., an enhancer or a polvadenylation signal.

5
00921 The term "exprassion vector,” as used herein, refers (o a nucleic acid molecile,
linser ofr circular, comprising one or more expression units. In addition {o one or morg
axpression units, an expression vecior can also include addiional nucleic acid segments
such as, for example, one or more origins of replication or ong or more selectable markers.
EXprassion vectors are generaily derived from plasmid or viral DNA, or can contain siements
of hath.

0937 As used herein, the term "sequence identity” refers 1o a relationship belween two or
more polvnuclestide sequences or between two or more polypeptide seguencas. When a
position in one seguence is occupied by the same nucleic acid base or amino acid residue In
the carresponding posttion of the comparator sequence, the sequences are said 1o be
“identical” at that position. The percentage “sequence weniity” is calculated by determining
ihe number of pesitions at which the identical nuclele acid base or amino acid residua accurs
in both sequences tc vield the number of “identical” positions. The number of “identical”
nositions is then divided by the total number of pasitions in the comparison window and
multipliad by 100 to yield the percentage of “sequence identity.” Parcentage of "sequance

identity” is determined by comparing two optimally aligned sequences over a comparison
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window. The comparison window for nuclels acd ssguences can b, for instance, at lsast
20,30, 40, 80, 80, 7¢, 80, 80 100, 110, 120, 130, 140, 180, 180 170, 180, 1906, 200, 300,
400, 500, 600, 700, 800, 800 or 1000 or mors muieic acids in length. The comparison
windon for polypepiids sequences can be, for instance, atieast 20, 30, 40, 80, &0, 70, 80,
890, 100, 110, 120, 130, 140, 150, 166, 170, 180, 190, 200, 300 or more amino acids in
length. In order to optimally align seguences for comparison, the portion of a polynuclectide
or polypeptide sequences in the comparison window can comptise additions or delations
termad gaps while the reference sequence is kept constant. An optimal alignment is that
alignment which, even with gaps, produces the grestest pessible number of *identical”
positions belween the reference and comparator sequences, Percentage "sequence
identity” between two segquencas can ba determined using the version of the program
‘BLAST 2 Sequences” which was available from the Nafional Center for Bictechnoiogy
Information as of September 1, 2004, which program incorperates the programs BLARTH
{for nucleotids sequance comparison) and BLASTR far nolypeptide sequence comparisany,
which programs are hasad on the algorithm of Karlin and Altschud (Proo, Natl, Acad, 8ol
UISA SO012V R8T 3-0877, 1083, When vlilizing "BLAST 2 Sequences,” paramatars that were
defaull parameters as of Saplember 1, 2004, can be used for word size (3), open gap
paraily (113, extension gap penally {1}, gap dropoff (50}, sxpect valus (10 and any other
required parametsr ncluding bul not imited o matric ogdion. Two nuclectide or aming acid
seguences are considerad o have "substantially simitar sequencs identity” or “substantial
sequence dentity” if the two sequences have al least 80%, al least 85%, al least 80%, at
lezist 95%, at least D6%, at least 97%, al least 98%, or at l=ast 39% sequence identity

relative to each other,

Bogdl  As used hersin) & "polypeptide” or "polypeptide chain” is a single, linear and
contiguous arrangement of covalently linkad amino acids. I doeas not includs two
nolypeptide chains that ink together in a nondlinear fashion, such as vig an interchain
disulfide borndd {e.g., 2 half immunogiobulin molecule in which a light chain links with & heavy
chain via a disulfide bond}. Polypaptides can have or form one or more intrachain disulfide
Gonds. With regard o polypentides as described herain, raference to amino acid residues
corrasponding to those speciiied by SEQ D NG includes post-transiational modifications of

i

such residuss,

{00951 A 'protein” s g macromolscule nomprising ong of mora polypeptids chaing, A

protein can also comprise non-peplicic componants, such as carbohydrate groups,
Carbobydrates and other nov-papticdie substiuenis can be acded o 8 protein by the osll in

&

which the protein is produced, ang will vary with the type of cell.  Proteins are defined herein
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in terms of their amino acid backbone structures; substituents such as carbohydrate groups
ara generally not specified, but may be present nonetheless.

100987 As used herein, "small modular immunopharmacautical proteins” or SMIP refers {o
a protein scaffoid generally disclosad, for instance, U.S. Patent Publication Mos,
2003/0133939, 2003/0118582, and 2005/0136049. SMIP™ is 2 trademark of Emergent
Froduct Development Seattle LLC. A SMIP protein can comprise a polypeptide chain having
a binding domain, a hinge region and an immunoglobulin constant region,

]

GeaTT  The terms “amino-terminal” and “carboxyl-terminal” are used herein to dencte

nosifions within polypeptides, Where the context allows, these terms are usad with

reference to a particular sequence or portion of a polypeptide to dencte proximity or relative

oosition. For exampls, a ceriain sequence positioned carboxyl-terminal to a referance

(f.‘

ecuanocs within a polypeplide is located proximal fo the carboxyl-terminus of the reference

sequence, bit is nol necessarily at the carboxyl-terminus of the complete polypeptids,

mOBET T cell recentor” (TCR) is & molecule found on the surface of T cells that, along with
D3, is generally responsible for recognizing antigens bound to major histocompatibility
complex (MHC) molecuies. 1t consists of a disulfide-linked heterodimer of the highly variable
a and B chains in most T cells. In other T cells, an alternative receptor made up of variable v
and § chains is expressed. Each chain of ihe TCR 18 a member of the immunogiobulin
sunerfamily and possesses one N-terminal immunoglobulin variable domain, one
immunoglobulin consiant domain, a fransmembrane region, and a short cytoplasmic tail at
the C-terminal e ndl (see Abbas and Lichiman, Cellular and Molecular Immunology (5th B,
Fditor: Saunders, Philadelphia, 2003; Jansway of al, immunobiclegy. The Immuneg System
in Health and Disease, 4" Ed., Current Biclogy Publications, p148, 149, and 172, 1599).
TCR as usad in the present disclosure can be from various animal species, including human,

mouse, rat, or other mamrmals.

U8 “TCR complex,” as used herein, refers o a complex formed by the association of
CO3 chains with other TOR chains. For example, a TOR complex can be composed of a
o

and a TCRB chain. Alternatively, a2 TCH complex can be compesed of a CD3y chain, &

a.:!

3y chiain, & G35 chain, twoe CD2e chaina, a hemodimer of CD3E chains, a TCRa chain,

CO38 chain, two CD3e chains, a homodimar of CD3C chains, a TCRy chain, and a TCRS

chain.

01507 “A component of 2 TOR complex,” as used herein, refers to a TCR chain (le.,
TCRg, TCRB, TCRy or TCRE), a CD3 chain (Le., CD3y, CD36, CD3e or CD3E), or a complex

BN

formed by two or more TOR chains or CD3 chains (8.9, a complex of TCRa and TCRE, &

r
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complex of TCRy and TCRS, a compiex of CD3e and CH33, a complex of CD3y and CD3e,
or a sub-TCR complex of TCRaq, TCRB, CD3y, CND38, and two CD3e chains).

il "Antibody-dependent cell-mediated cytotoxicity” and "ADCC," as used herein, refer
1o g cell-mediated process in which nonspecific cytotoxic cells that express FoyRs (e.g.,
manecytic cells such as Natural Kitler (NK) cells and macrophages) recognize bound
antibody {or othar protein capable of binding FoyRs) on a target cell and subsequently cause
ivsis of the target cell. In principte, any effecior cell with an activating FeyR can be triggered
1o mediate ADCE. The primary cells for mediating ADCC are N ceils, which express only
FoRil, whergas monocyles, depenfing on ihelr state of activation, locslization, or
diffsrentiation, can express FoyRE ForRlL and FoyREL For a review of FoyR axpression on

hematopnistic oells, see, e.g., Ravetch et al,, 1991, Anru. Rev. Immunol, 8:457-92.

1081 The term “having ARCC aclivity,” as used herain in reference 1o a polypeptide or
profein, means that the polypeptide or protein (for example, ane comprising an

immunoglobulin hinge region and an immunogiobulin constant region having CHZ and CH3
domaings, such as derived Trom 1gG (s, IgG1)), is capable of mediating antibody-
depandant cail-medisted cylotodolly (ADTC) through E:gér‘-,fj%ng of a cylolviic Fo receptor (2.9,

FoiH) on 2 oyviolvtic nmune sflector cell expressing the Forecepior (2.9, an NI oall},

W31 "Complement-dependent cytotoxicity” and "CDC " as used herein, referic a

procass in which components in normal serum ("complement”), together with an antibody or
other Clo-complement-binding protein bound o a larget antigen, exhibit lysia of a target cell
axpressing the target antigen. Comnpiement consists of a group of serum proteing that acl in

concert and in an orderly sequence o exert their effect.

04041 The terms “classical complement pathway” and “classical complement systerm,” as
d hersin, are synenyrmous and refer o a partticular pathway for the activaiion of
complement. The classical pathway requires antigen-antibody complexes for initiation and
involves the activation, in an orderly fashion, of nine major profein eomponents designated
C1 through ©9. For saveral steps in the activation process, the product is an enzyme that
catalyzes the subsequent step. This cascade provides amplification and activation of large

amounts of complement by a relatively small inttial signal.

(31051 The term “having CDC activity,” as used herein in reference to a polypeptide or
orotein, means that the polypeptide or protein {for example, one comprising an
immunoglobulin hinge region and an immunoglobulin constant reglon having CH2 and CH3
domains, such as derived from IgG (e.g., IgG1)) is capable of mediating complernerit-
dependant cytotoxicity (CDC) through binding of C1qg complement protein and activation of

the classical complemeant system,

[
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(081  "Redirected T-cell cytotoxicity" and "RTCC," as used herein, refer to a T-cell-
miediated crocess in which a cytotoxic T-cell is recruited to a target cell using a multi-specific
protein {hat is capable of spacifically binding both the cytotoxic T-cell and the target cell, and

whereby a target-depandent cytotoxic T-cell response is elicited against the target call.

W07 The terms “neovascularization” and “angingenesis” are used interchangeably
herein, Neovascularizalion and angiogenesis refer to the generation of new hiood vessels
into cells, tissue, or organs. The control of angiogensesis is typically aliered in certain
disease states and, in many case, the pathological damage associated with the disease is
retated to alterad or unregulated angiogenesis. Persistant, unregulated angicgenesis ogours
in a variety of disease states, including those characterized by the abnormal growth by
endothalial celle, and supports the pathologioal temage seen in these conditibns including

leakage and permeabiity of biood vessals,

INAGBY  The term "neovascular disorder” are used hersin refers to any disease or disorder
having a pathology that is mediated, at least in part, by increased or unregulated
angiogenesis activity. Examples of such diseases or disorders include various cancers
comprising solid tumors. Such diseases or disorders comprising a vascuiaturs characterized
by PSMA overexpression (e.g., certain cancers comprising solid tumors, such as clear cell
renal carcinoma, colorecial cancer, bladder cancer, and lung cancer) are particuiarly
armenable fo cartain freatment methods for inhibition angiogenesis, as described further
herain,

7 oug

1310%1  As used herein, the term “reatment,” “treating,” or "ameliorating” refers to either a
therapeutic treatment or prophyvlactic/sreventative reatment. A ireatment is therapeutic if at
least one symptom of disease in an individual receiving treatment improves or a traatment
can delay worsening of a progressive disease in an individual, or prevent onset of additional

associaied diseases.

1401 As used herein, the term "therapeutically effective amount (or dose)” or "efiective
arnount (or dose)” of a specific binding molecule or compound refers to that amount of the
compound sulficient to result in amelicration of one or more symptoms of the disease being
treated in a statistically significant manner. When referring to an individual active ingredient,
administered alone, a therapeutically effective dose refers o that ingredient alone. When
refarring to a combination, a therapeutically effective dose refers o combingd amourds of
the active ingredients that result in the therapeutic effect, whether administered serally or

simuliarecusly (in the same formualtion or concurrently in separate formulations).

011

N

fo

ey

1  As used herein, the term "transformation,” “transfection,” and “transduction” refer

to the tranafer of nucleic acid (e, a nucleotide polymer) into a cell. As used herein, the
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tarm "genetic transformation” refers o the transfer and incorporation of DNA, especially
recombinant DMA, into 2 cell. The fransferred nucleic acid can be infreduced into & calt via

an expression vector.

01121 As used herein, the term "variant” or “variants” refers to a nucleic acid or
polypeptide differing from a reference nucleic acid or polypeptide, but retaining essential
properties thareol. Generally, variants are cverall closely similar, and, in many regions,
identical to the reference nuclzic acid or polypeptide. For instance, a varant may exnibit at
ieast about 70%, at least about 80%, at least about 80%, at least about 80%, at least about
4%, at least sboul 97%, &l least about 98% or at least aboul 99% sequence idantiiy

compared to the active portion or full length reference nucleic acid or polypeptide.

{113 The terms "light chain variable region” (also referred to as “light chain variable
demain” or V1) and “heavy chain variable region” {also referrsd to as "heavy chain variable
domain” or “WH") refer fo the variable binding region from an antibedy light and heavy chain,
respactively. The variable binding regions are made up of discrete, well-defined sub-regions
known as “‘complamentarity determining regions” (CDRs) and “framework regions” (FRs). In
one embodiment, the FRs are humanized. The term “CL refers to an “immunoglobulin light
chain constant region” or a “light chain constant region,” L.e., a constant region from an
antisody ight chain. The term "CH” refers fo an "immunoglobulin heavy chain constant

region” or a “heavy chain constant region,” which is further divisible, depending on the
antibody isotype into CHY, CH2, and CH3 (lgA, 1g0, 1gG), or CH1, CH2, CH3, and CH4
domains (Igk, Ighd). A "Fab” (fragment antigen binding) is the pait of an antibedy that binds
1o anfigers and includes the variable regicn and CH1 domain of the heavy chain linkad to

the light chain via an inter-chain disuffide bond.

Hi, PSMA-binding Polvoentides, Protsing, and Compenents Thereqf

14l The present discinsure provides polypeptides and proteins comprising binding
domaing, in parficutar, a first binding domain that specifically binds PSMA. The polypepiides
and proteing comprising binding domains of this disclosure can further comprise
immunoglobulin constant regions, linker peptides, hinge regions, immunoglobulin
dimerization/heteradimerization domainsg, unctional aming acids, iags, gfc. These
componeants of the disclosed polypeptides and proteins are described in further detail below.
1181 Additionally, the PSMA-binding polypeptides and protains disclosed heremn can be
in the form of an antibody or a fusion protein of any of a variety of different formats (e.g., the
fusion protein can be in the form of a SMIP molecule, a PIVMS molecule, & SCORPION

molecule or an intercepior molecuis).
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1481 A PSMA-binding protein in accordance with the present invention generally
inciudes at least one PSMA-binding polypeptide chain comprising (8) 3 PSMA-binding
domain as sat forth herein. In cerfain variations, the PSMA-binding polypeptide further
includes (b} a hinge region carbaxyl-terminal to the PSMA-binding domain, and (¢} an
immunoglobulin constant region (2.g., a SMIP molecule). in further variations, the PSMA-
binding polvpeptide further includes {d) a second hinge region carboxyi-terminal o the
irmmunoglobulin constant region, and (g) a second binding domain carboxyl-terminal to the

second hinge region (e.g., & SCORPION polypeptide).

(04171 In yet othar variations, the PSMA-binding polvpeptide comprises (b) a nings ragion

rerminalto the hi

nge region {a.g., a PIMS polypeptide).

BT Typically, PSMA-binding polypeptides of the above formats (SMIP, SCORPION, or
PIMS) are capable of homodimerization, typically through disulfide bonding. via the
immunoglobutin congtant region and/or hinge region (2.¢g., via an immunoglebulin constant
region comprising lgG CH2 and CH3 domains and an IgG hinge region). Thus, in certain
smpodimeanis of ihe present invention, two identical PSMA-binding polypeptides

homodimerize to form a dirneric PSMA-binding protein.

01191 In other embodimants, a PSMA-binding pelypeptide further inciudes a
keterodimerization domain that is capable of hetsrodimerizalion with a different
haterodimerization domain in a second, non-identicatl polypeptide chain. In certain
variations, the second polypeplide chain for heterodimerization includes a second binding
domain. Accerdingly, in certain embodimenis of the present invention, two non-identical
polypeptide chains, one comprising the PSMA-binding domain and the second optionatly
comprising a second kinding domain, dimerize o form a heterodimeric PSMA-binding

orotain,

a0y PSMA-binding polypeptides, proteins, and their various components are further

dascribad hersin below,

A._Binding Domains

21 As indicated above, an immunoglobulin binding polypeptide of the present
disclosure comprises a binding domain that specifically binds PSMA. In some variations, the
PEMA-binding domain is capable of competing for binding to PSMA with an antibody having
Vi and Vy regions having amino acid sequences as shown in SEG ID NO:5 and SEQ 1D

NO:2, respactively (s.g., mAb 107-1A4), or with a single-chain Fv (scfv) having an amino

32



WO R012/145714 PCTUS2812/034575

acid sequence as shown in SEQ 1D NO:21. In cerfain embodiments, the PSMA-binding
domain comprises (i) an immunoglobulin light chain variable region (V) comprising CDRs
LCDRY, LCDRZ, and LCDR3, and (i) an immunoglobhulin heavy chain variable region (Vy)
comprising CDRs HCDR1, HCDR2, and HCDR3. Suitable PSMA-binding domains include
those having V| and Vy regions derived from mAb 107-1A4. In some such embediments,
LCDR3 has the amino acid sequeancs set forth in BEG 1D NO17 and/or HCDR3S has the
amino acid sequence set forth in SEQ D NGO, and LCDR1 and LCDR2 optionally have
the amino acid sequences as set forth in SEQ 1D NO: 15 and SEQ 1D NOHE, respestively,
and HCDRT and HCDR2 optionally have the amine acid sequences as sel forth in SEQ D
MOG and SEQ D NG1D, respectively. In some embodiments, for example, LCDRT,
LODR2, ard LCDR3 have the aming acid sequences respectively shown in SEQ 1D NOs:15,
18, and 17 andfor HCDR1, HODR2, and HCDR3 haves the amino acld ssquances as
respactively shown in SEQ 1D NOs:8, 10, and 11.

{0122 In certain embodiments, a PEMA-binding protein can comprise one or more
additional binding domains {(e.g., ond binding domain) that bind 2 target other than
PSMA. These other target molecules can comprise, for example, a particular cylokineg or a
molecule that targets the binding domain polypeptide to a particuiar cell iype, a toxin, an

additional cell receptor, an antibody, efc.

(01231 In cerlain embodimants, a binding domain, for instance, as part of an Interceptor or
SCORPION moleculs, can comorisa a TCR binding domain for recruiiment of T cslls o
target calls expressing PSMA, In certain embodiments, a polypeptide heterodimer as
dascribed herein can comprisa a binding domain that specifically binds a TOR complex or a
component thersof {e.g., TCRa, TCRB, CD3y, CD35, and CO3e) and anciher binding

domain that specifically binds to PSMA

2124] Exemplary anti-CD3 antibodias from which the binding domain of this disclosure
can be derived include CRIS-7 monoclonal antibody (Reinherz, &, L. ef al (eds.), Leukooyle
typing 1., Springer Verlag, New Yark, (1986); V, and Vi amino acid sequences respectively
shown in SEG D NOER
(CVVLTOBSPAIMSAFPGEKVTMTCSASSSVEYMNWYQUKSGTEPKRWIYDSS
KLABGYPARFSGSGSGTSYSLTISSMETEDAATYYCQOQWERNPPTFGGETHKLGITR) and
SEG D NO:154

(OVQLQOSCAELARPGABVKMBCKASGY TFTRSTMHWWYKQRPGQGLEWIGYINP
SSAYTNYNOKFKDKATLTADKESSSTAYMOQLSSLTSEDSBAVYYCABPOQVHYDYNGFPYWGEQ
GTLVTVSAY; HuMiz91 (Chau ef al. (2001) Transplantion 71:941-950, V, and Vg amino acid
sequences respectively shown in SEQ 1D NGBS
{(DIGMTOSPSSLEASVEDRVTITCSASESY

Lar
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SYMNWYOQKPGRAPERLIVDT SKLASGVRPERFEGEGSGTDFTUTISSLOREDFATYYCOR
VWEBHNPPFTFOGGTRVEIR) and 5EQ 1D NOEY
(OVOLVOBGAEVRRPGABVEVSCRARGY TFIRY

TMHWVROQAPGOGLEWMGYINPRSGY THYNOKLKDKATLTADKSASTAYMELSSLRSEDT
AVYYCARSAYYDYDGFAYWGQGTLVTVES)), BC3 moenoclonal antibody (Anasetti f al
{(1980) J. Exp. Med. 172:1881); OKT3 monoclonal antibody (Griho muiticenter Transplant
Study Group (1885) N, Engl. J. Med. 313:337} and derivatives thereof such as OKT3 alz-ala
{(also referred to as OKT3 AA-FL or OKT3 FL}, & humanized, Fo variant with alanine
subsiiiutions at positions 234 and 235 (Merold ef al. (2003) J. Clin. Invest. 11:409);
visilizurnab (Carpenter af af, (2002) Biood 89:2712), G19-4 monocional anﬁmﬁy (Ledbeatier
ef al, 1888 J. fmmuneol 136:3848) and 145-2C11 monoclonal antibody (Hirsch of al. (1088)
J o dmmunol. 140: 3768} An exemplary anti-TCR antibody is the BMAOS1 manocional
antibody (Borst ef al, (1890) Human Immunology 29:175-188).

61257 In sorme embodimeants, a binding domain is a single-chain Fv fragment {sckv) that
comprizas Vy and V| regions specific for a targat of interest, In certain embodiments, the Vy

and VY reghons ars human.

{B428]  In certain embodiments, a PSMA-binding domain comprises or is a scFy that is at
lmasl about 80%, at least about §1%, at least about 82%, at feast about 83%, af lsast about
‘ 04% at least about 85%, at least about 86%, at least about 7%, at least about 98%, at
least about 88%, at least about 99.5%, or 106% identical io an amino acid sequence of a
seFv of SEG 1D NOC 18, 21, 30, 31, 34 or 35,

m9277  inrelated embodiments, a PSMA-binding domain comprises of is a segquence that
is at least about 0%, at least about 91%, at least about 92%, at least about 93%, al least
ahout 84%, at least about 95%, at least about 968%, at least about 87%, &t l2ast about 98%,
at {east about 99%, ot least about 89.5%, or 100% identical to an aming gcid sequence of a
light chain variable region (V) {e.g., SEQ D NO:23) or fo a heavy chain variable region (Vi)
{e.g., SEQHD NOGZ5 or SEQ 1D NG2T), or both,

28] Infurther embodiments, each COR comprises no more than one, wo, or thres
substitudions, insertions or deletions, as compared to that from a monocional antibody of

fragment or derivative thereof that specifically binds to a target of interest {e.g., FEMA).

1281 In some embodiments of a PSMA-binding protein comprising a second binding
domain that specifically binds CD3e, the sscond tinding domain competes Tor binding to
C03e with the CRIS-T or HUM281 monochonal antibody.  in cerfain variations, the GD3-
binding domain comprises an immunoegiobulin light chain variable region (V) and an

immunoglobulin heavy chain variable region {Vu) derived from the CRIS-7 or HuM291
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monocional antibody (e.g., the Vi, and VY of the second binding domain can be humanized
variabla regions comprising, respectively, the light chain CDRs and the heavy chain CDRs of
the monoclonal antibody). For example, the V| and Vy, regions derived from CRIS-7 can be
selacted from (a) a Vi region comprising an amino acid sequence that is at least 85%
identical or 100% to the amino acid sequence set forth in residues 139-245 of SEQ D
MO47 and a Vy, region comprising an aminoe acid sequence that is at least 95% identical or
100% {0 the amino acid sequence set forth in residues 1-122 of SEQ 1D NG4AT, and (b a V.
region comprising an amino acid sequence that is at least 95% identical or 100% identicai to
the amine acid seguence sel forth in residuss 834-740 of SEQ D NOYS and a V), region
somprising an aming acid sequence that is at teast 5% or 100% identical to the amino acid
saquence sat forth in residues 496-6186 of SEQ 10 NO78.

01301 In certain srmbodiments, a binding domain V. anglor Vy region of the present
disclosure s dertved from a Vv and/or Vi of 2 known moneclonal antibody {a.¢g.,107-1A4,
CRIS-7, or HuMZ91) and contains aboui one or more {e.g., about 2, 3, 4, 5,6, 7, 8, 8, 10)
inseriions, about one or more (e.g., abowt 2, 3, 4, 5, 6, 7, 8, 9, 10) delstions, abouf one o
more (e.g., avout 2, 3, 4, 5 6,7, 8, 9, 10) amino acid substitutions (e.g., consarvalive amine
oid substiiutions or non-conservative amino acid substitutions), or a combination of the
above-noted changes, when compared with the V|, andfor Vyy of a knewn monaecional
antibody. The insertion(s), delelion(s) or substitution(s} can be anywhera in the V| andfor Vy
region, including at the amino- or carboxyi-terminus or both ends of this region, provided that
each COR comprises zero changes or al most ane, two, or three changes and providad a
binding domain containing the modified Vi and/or Vy region can still specifically bind its

target with an affinity similar to the wild type binding domain.

01341 In some variations, the binding domain {8 a single-chain Fv {schv) comprising
immunaoglobulin v, and Vy, regions jeined by a peptide linker. The use of peg:e‘tide linkars {or
ioinirig V. and Yy reglons is well-known in the arl, and a large number of publications exist
within this particular fisld. A widely used peptids linker is a 15mer consisting of fhree
repaats of a GheGiy-Gly-Gly-Ser aming scid sequence {({(Gly.Serj:! (SEQ D NGHEZY. Othar
inkars have beern used, and phage dispiay technology, as well as selaclive infactive phags
technology, has been used to diversify and select appropriate linker sequences (Tang ef af,
S Biol Cham. 271, 1868218686, 1296; Hennacks ef al, Profein Eng. 11, 405-410, 1288).
in certain embodimants, the Vi and Vy regions are joined by a peptide linker having an
amino acid sequence comprising the formula (Gly,Sen),, wherein n = 1.5 (SEQ 1D NO85).
Ciiner sullable linkers can be obtained by oplimizing a simple linker (e.g., (GlysSar),) through

random mulagenasis,

Lo
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(04321 In certain embodiments, a binding domain comprises humanized immunoglobulin
v, and/or V, regions. Technigues for humanizing immunoglobulin V) and Vy, regions are
known in the art and are discussed, for example, in United States Patent Application
Publication No. 2006/0153837.

(91331  "Humanization” is expectad to result in an antibody that is less immunogenic, with
complete retention of the antigen-binding properties of the original melecule. In order o
retain all of the antigen-binding properties of the original antibody, the structurs of its antigen
binding site should be reproducad in the "humanized" version. This can be achiaved by
grafting only the nonhuman CORs onto human variable framework domains and constant
regions, with or without retention of critical framework residues (Jones ef af., Nafure 321:522
(1986); Verhosyen ef al,, Science 239:1539 (1988)) or by recombining the entire nonhuman
variable domains (o preserve ligand-binding properties), bul "cloaking” them with a human-
like surface through judicious repiacement of exposed residues (io reduce antigenicity)
(Padlan, Molec. Immunol. 28489 (1991)).

I34]  Essaentially, humanization by CDR grafting involves recombining only the CDRs of
a ron-human antibedy onto a human vanable region frameworl and a human constant
region. Theoraticaily, this should substantially reduce or eliminate immunogenicity (except if
atiotypic or idiotypic differences exist), However, it has been reported that some framawork
residuss of the original antibody also may need te be preserved (Reichmann ef al., Mafure,
A32:323 (1988); Queen of al., Proc. Nall, Acad. Sci. USA, 86:10,028 (1989)).

1551 The framework residues that need o be preserved are amenable fo identification
through computer modeling. Alternatively, critical framework residues can potentialy be
identified by comparing known antigen-binding site siructures (Padlan, Molec. immuncl.,

313y 168-217 (1984), incorporated hersin by reference).

1361 The residues that potentially affect antigen binding fall info several groups. The
first group comprises residues that are contiguous with the antigen site surface, which could
therefore make direct contact with antigens. These residues include the amino-terminal
residues and those adjacent to the CORs, The second group includes residuas that coultt
after the structure or relative alignment of the CDRs, sither by confacting the CORs or
another paptide chain in the antibody. The third group comprises amino acids with buried
gide chaing that could influence the structural intagrity of the variable domains, The residues
in these groups are usually found in the same positions (Padian, 1894, supra) although their
sositions as identified may differ depanding on the numbering system (see Kabat of al,
"Sequences of proteins of immunological interest, 5th ed., Pub. No. 81-3242, U.8. Dept.
Health & Human Servipes, NI, Bethesda, Md., 1881).
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131371 Although the embodiments describad herein involve the humanization of SMIP,
SCORPION, and Interceptor molacules, and not antibodies, knowladge about humanized

antibodies in the art is applicable {0 the polypebiides according o the ihvention

8. Hinge Region

0128 In certain embodiments, a hinge is a wild-type human immunoglobulin hinge
region. In certain other embodiments, one or more amino acid residues can be added at the
amino- or carboxyi-terminus of a witd type immuneglobulin hings region as part of a fusion
protein construct design. For example, additional junction amino acid residues at the hinge
amino-terminus can be “RT," *RSS, "TG," or "T," or at the hinge carboxyl-terminus can be
"SG or a hinge deletion can be combined with an addition, such a3 AP with "SG" addad af

the carboxylternminus.

04387 In certain embodiments, a hinge is an altered immunoglobulin hinge in which one
of more cysteing residues in a wild type immunoglobuiin hinge region is substituted with one

or more other amino acid residues (e.g., serine or alaning).

09407 Exemplary afterad immuneglobulin hinges include an immunoglobudin human igG1
hinge region having one, two or three cysteine residues found in a wild type human fgG1
ninge substituted by one, two or three different amino acid residues (g.¢., serine or alanine).
An alterad immuneglobalin hinge can additionally have a proline substituted with another
amino acid (e.g., seting or alaning). For example, the above-described altered numan tgG1
hinge can additionally have a protine located carboxyl-terminal to the three cysteines of wild
tyna human lgG1 hinge region substituted by ancther amino acid residue (e.g., sering,

alaning). In one embodiment, the prolines of the core hinge region are not substituted,

{ﬁfm%ﬁ in certain emnbodiments, a hinge polypeplide comprises oris a sequance that is ai
ieast 80%, at least 81%, at least 82%, af ieast 83%, al least 84%, st least §5%, ai least 86%,
at lsast 87%, at least 86%, at least 89%, at least 80%, al least 91%, al least 92%, at least
G3%, af least 94% al lsast 85% at least 86%, at loast B7%, af least B8%, or ot least 99%
identical to & wild type immunoglobulin hinge region, such as a wild type human IgG1 hinge,
a wild type human igG2 hinge, or a wild type human g4 hinge

[0142]  Intfurther embodiments, a hings present in a PSMA-binding polypeplide can be a
hirge that is not based on or derived from an immuncglobulin hinge (Le., not a wild-type
immunaglobulin hinga or an altered immunoglobulin hinge). Examples for such hinges

include peotides of about five to about 150 amine acids derived from an interdomain region
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of @ transmembrane protein or stalk region of a type 1l C-lectin, for instance, peptides of

about eight to 25 amino acids and peptides of about seven to 18 amino acids.

09431 In cerlain embodiments, interdomain or stalk region hinges have sever: to 18 aming
acids and can form an a-helical coiled coil structure. In certain embodiments, inferdomain or
stalk region hinges contain 0, 1, 2, 3, or 4 cysteines. Exemplary interdomain or slalk region
hinges are peptide fragments of the interdomain or stalk regions, such as ten {0 150 amino
acid fragments from the stalk regions of CDEY, CD72, CO4, NKGRA and NKGZD.

1514471 In certain smbodiments, hinge sequences have about 5 to 150 amine acids, 5 {o 10
amino acids, 100 20 amino acids, 20 to 30 amine acids, 30 1o 40 amino acids, 40 10 50
amino acids, 50 to 80 amine acids, 5 to 80 amino acids, 5 to 40 aming scids, 8 1o 20 amino
acids, or 16 1o 15 amine acids. The hinge can be primarily fisxible, but can also orovide
more rigid characteristics or gan contain prirmarily a-helical structure with minimal B-sheet
structure. The lengths or the sequences of the hinges can affect the binding affinities of the
hinding domains o which the hinges are directly or indirectly (via another region or domain,
such s an hetaerodimerization domain) connectad as well as one or more activities of the Fe

region portions to which the hinges are directly or indirectly connectad.

(451 In certain embodiments, hinge sequences are stable in plasma and serum and are
rasistant to proteolyiic cleavage. The first lysine in the 1gG1 upper hinge region can be
rautated to minimize proteoivtic cleavage, for instance, the lysine can be substituted with

rmethionine, threoning, alanine or glyine, or s deleled.

(01480 In some embodiments of the invention, the PSMA-binding polypepiide is capable of
forming a heterodimear with a second polypeptide chain and comprises a hinge region {(a)
immediately amino-terminal to an immunoglobulin censtant ragion {s.g., amino-terminal to a
CH? domain whergin the immungobloubolin constant region includes CHZ and CH3
domains, or amino-termingl to a8 CH3 domain whersin the immunoglobulin sub-regions
includes CH3 and CH4 domaing), (b) interposed between and connecting a binding domain
(e.g., scFv) and a immunoglobulin heterodimerization domain, () interposed betwesn and
cannecting a immunoglebulin heterodimerization domain and an immunoglobuiin constant
ragion (e.g., wherein the immunoeglobulin constant region includes CH2 and CH3 domains or
CH3 and CHA domains), (d) interposed between and connecling an immunogiobulin
constant region and & binding domain, (g) at the amino-terminus of a polypeptide chain, or
() at the carboxyl-terminus of a polypeptide chain. A polypeplide chain comprising a hinge
region as dascribed herein will be capable of associating with a different polypeptide chain fo
form a heterodimeric protein provided herein, and the heterodimer formed will contain a

binding domain that retains its target specificity or its specific target binding affinity.

i
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(

(4T In ceriain embodiments, 8 hinge present in a polypeptide that forms a heterodimer
with another polypaptide chaln can be an mmunoglobulin hinge, such as a wild-type
immunoglobulin hinge region or an altered immunoglobulin hinge region thereel. In cerain
embodirnents, a hinge of one polypeptide chain of a heterodimeric protein is identical to a
corresponding hinge of the other polypeptide chain of the heterodimer. In certain other
smbodiments, a hings of one chain is different from that of the other chain (in their length or
sequence). The differant hinges in the different chains allow differant manipulation of the
binding affinities of the binding domains to which the hinges are connected, so that the
heterodimer is able to preferentialty bind to the target of one binding domain over the targat
of the other binding domain. For example, In certain embodiments, a heterodimeric prolein
has a CD3- or TCR-binding domain in one chain and a PSMA-binding domain in another
chain. Having two different hinges in the two chains rmay allow the heterodimer to bind to
e PSMA first, and then to a CD3 or other TCR component second. Thus, the heterodimer
may recruit CD3" T cells to PSMA-expressing cells (e.g., PSMA-expressing tumaor cells),

which in turn may damage or destroy the PEMA-expressing cells

48] FExemplary hinge regions suitable for use in accordance with the present invention
are shown in the Tables 1 and 2 below. Additional exemplary hinge regions are set forth in
SEQ D NOs; 241-244, 801, 78, 783-791, 228, 378-434, 618-749 of WO2011/000762 (said

seguences ncorporated by reference harsin).

Table 1 Exemplary hings regions

ses(si-higGt hinge | EP} <SSDKTHR>PPSQ ’ SEQ D NG:388
cssc(s}—iﬂg@‘! hing@ EPK&LDKTH F*?POS ' 1 ' &CA ED "\i(J 89 ;
ssc(&,) angG? hanqp LPK&; ')KTHTSF’PCS Q‘FQ ID NO 90

3 soo(s)- higG1 hinge + EPKSSOK] HT(‘PPCS 'o? a ID ;\2091
' cs8(s)-higG1 hinge EPKSLDK%HTQP”S SEQID \o 92
SEQ D NO 93

QEQ 0 NO: 34
: Sr D NO: %
SEQ 1D NO: 96 :

(p)-higG1 hinge | :‘&sacummww” SEQ 1D NOGT

oc(p) higG’i f’amgﬁ EPK\‘:\%DKFHT PPCP

colp)-higG1 hinge | EPKS SDKT Hmppc

EPKSSDKT HTC,TPUQ

; tPr‘(“CE!KTHT F‘PCS

Epy c*r DKTHTSPPCP
<SbDr<{H rsep

‘sc*s(@ niqbl nnge

ceols)-hlgGt hinge

coo(pi-higlt hings

sss(n)-higG1 hinge

ént’:s&n(ﬁ} higG hinge | EPKSCDKTHTSPPSP T ska iD NO: mo

- sos(p)hl hlgG1 hinge LER&SDKM;CPPQP“ CsEqiDNoMor
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polypeptide chain, wherein the interaction of the different immunogiobulin heteredimarization
domains substantially contributes 1o or efficiently promoies heterodimerization of the first and
second polypeptids chains (i e, the formation of a dimer between two different polypeptide
chains, which is also referrad to as a *heterodimer” or “heterodimeric proten”). The
interactions between immunoglobulin heterodimerization domains “substantially contribules
to or efficiently promotes” the heterodimerization of first and second polypeptide chains if
there is a statistically significant reduction in the dimerization between the first and second
nolypeptide chains in the absence of the immunoglobulin heterodimerization domain of the
first polypeptide chain and/or the immunogiobulin hetercdimerization demain of the second
wolypentide chain, In certain embodiments, when the first and second polypeptide chains
are co-expressed, at least 60%, at least about 60% o about 70%, at least about 70% to
ahout 0%, at least 80% to about 890%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 88%, or
98% of the first and second polypatpide chains form heterodimers with each other.
Representative immunogicbulin heterodimerization domains include an immunoglobulin CH1
domain, an immunoglobulin CL1 domain (8., Ckor CA isctypes), or derivatives thereof,
including wild-type immunogiobulin CH1 and CL domains and altered {or mutated)

irmmunegiobulin CH1 and CL domains, such as provided herein.

01511 Dimerization/heterodimerization domains can be used whers it is desired to Yorm
hetarodimers from two non-identical polypepltide chains, where one or both polypeptide
chains comprises a binding domain. In certain embodiments, one polypeptide chain
mermber of ceriain heterodimers described hersin does not contain a binding domain. As
indicated above, a heterodimeric protein of the present disclosure comprises an
immunogiobulin heterodimerization domain in sach polypeptide chiain, The immunoglobulin
helerodimerization domains in the polypeptide chains of a helerodimer are differant from
each other and thus can he differentially modifisd lo facilitaie heterodimerization of both
chains and to minimize homodimerization of either chain. As shown In the examples,
immunoglobulin heterodimerization domeins provided herein allow for efficient
neterndimerization batween different polypeptides and facilitate purification of the resulting

heterodimeric protein

04821 As provided herein, immunoglobtiin heterodimerization domains useful for
oromoting heterodimerization of two different single chain pelypeplides (e.g., one short and
one jong) according 1o the present disclosure include immunogiobulin CH1 and CL domains,
for instance, numan CH1 and CL domains. In certain embodimenls, an immunoegiobulin
heterodimerization domain is a wild-type CH1 domain, such as a wild type 1gG1, 1gG2, 1gG3,
igG4, IgAt IgAZ, IgD, IgE, or igM CH1 domain. in further embodiments, an immunoglobulin
heterndimerization domain is a wild-type human igG1, IgG2, 10G3, igG4, 1gAl, 1ghAZ, Igh,
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fgh, or lgl CHT domain as set forth in SEQ 1D NOS: 114, 186-182 and 194, respectively, of
PCT Publication No. WO201 /080762 (said sequences incorporated by reference herain.
in certain embodiments, an immunoglobulin heterodimerization domain is a wiid-lype hurnan
iaG1 CHY domain as set forth in SEG 1D NG 14 of WO2011/090762 (said ssquence

incorporated by reference herain).

1531 In further embodiments, an immunaglocbulin heterodimerization domain is an
altered immunogiobulin CH1 domain, such as an altered lgG1, IgG2, 1gG3, 9G4, IgAt, |

gD, Igk, or iaM CHA domain. In cartain embodiments, an immunogicbulin
neterodimerization domain is an altered human lgG1, 1962, ig(33, IgG4, 1gAt, IgA2, igb,
WgF, or lgM CHY domain. in still further embadiments, a cysleine residus of a wild-type CH/1
dormnain {e.g., a human CH1) involved in forming a disulfide bond with a wild type
irnmunoglobulin CL domain {e.g., & human CL} is deleted or subsiituted in the altared
imununogiobuylin CHA domain such thaet a disulfide bond is not formed bebween the altered

CH1 domain and the wild-type CL domain.

01541 In certain embodiments, an immunogiobulin heterodimerization domain is a wild-
typa CL domain, such as a witd type Cx domain or a wild type CA domain. in cerlain
embodiments, an immunogicbulin heterodimerization domain is a wild type human Gx or
human CA domain as set forth in SEQ D NOS: 112 and 113, respectively, of

WOZ01 1080782 (said sequences incorporated ny reference herein). In further
embodiments, an immunoglobulin helerodimerization domain is an altered immunogiobulin
ClL domain, such as an atered Ci or CA domaln, for instance, an allered human Ck or

human Ga domain,

01557  in certain embodiments, a cysteine residus of a wild-type CL domain (e.g., &
humar CL) involved in forming a disulfide bond with a wild fype immunogiobulin CH1 domain
{e.g., a human CH1} is delsted or substituted in the altered immunogiobulin CL domain.

Sucn altered CL domaing can further comprise an aming acid deletion at {heir amino-termini.
An exemplary Cx domain is set forth in SEQ 1D MO/141 of WOR011/080762 (said sequence
incorporated by reference harein), in which the first arginine and the last cysizine of the wild
type human Ck domain are both deleted. in certain embodiments, only the fast cysteine of
the wild type human Ck domain is deletad in the allered Gk domain because the first
arginine deleted from the wild type human Ck domain can be provided by a linker that has
an arginine at its carboxyl-terminus and links the amino-terminus of the aliered Ck domain
with another domain (s.g., an immuhoglobulin sug-region, such as a sub-region comprising
immunaglobulin CH2 and CGH3S domains). An exemplary CA domain is sef forth in 3EQ 1D
NGO 140 of WOZE11/080762 (said sequence incorporated by reference herein), in which the
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first arginine of a wild typs human CA domain is deleted and the cysteine invelved in forming

& disulfide bond with a cysteing in a CH1 domain is substifuted by a serine.

(04581 In further embodiments, an immunogliobulin heterodimerization domain is an
aliered Cx domain that contains one or more amino acid substitutions, as compared to a wild
type Ck domain, at positions that may be involved in forming the interchain-hydrogen sond
natwork at a Cx-Ck interface, For example, in certain embodiments, an immunocglobulin
heteradimerization domain is an alierad numan Cx domain having one or mare amino acids
at positions N28, N30, 052, V55, T58, 588 or T70 that are supstitutad with a different amino
acid. The numbering of the amine acids is based on their positions in the altered human Gk
sequence as set forth in SEQ 1D NO:141 of WO2011/0807862 (said sequence incerporated
by referance herein). In certain embodiments, an immunoglobulin hetercdimerization
domain is an aitered human Cx domain having one, two, thres or four amino acid
substitutions at positions N28, N30, V55, or T70. The amino acid used as a substitule at the
above-noted positions can be an alanine, or an amino acid residue with a bulk side chain
meiety such as argining, fryptophan, tyrosine, glutamate, glutaming, or tysine. Additional
amino acid residuss that can be used to substitute amino acid residues of the wild type
human Ck sequance at the above notad positions (e.g., N30) include aspariate, methionine,
serine and phenyalanine. Exemplary altered human Ck domalns are set forth in SEQ D
MOS142-178 of WO2011/000782 (said segUences incoroorated by ;‘ei’erencé herein.
Altered human Ok domains are those that facilitate haterodimerization with a CH1 domiain,
hut mirdmize homodimerization with another Cx domain. Representative allered human Cx
domains are set forth in SEQ D NOS180 (N2OW VBEA TTOA), 161 (N29Y VBEA T70A), 202
(T70E N28A N30A VESA), 167 (N30R VESA T70A), 168 (N3OK VESA TT0A), 170 (N30E
VBEA TT0A), 172 (VBBR N2OA N30A), 175 (N2OW N30Y VESA TT0E), 176 (N28Y N30Y
VESA TTOE), 177 (N30F VSBA T70E), 178 (N30Y VB5A T70E), 8338 (N30D V55A T70E), 838
(N3OM V5BA T70E), 840 (N30S VE5A T70E), and 841 (N30F V55A T70E) of
WOZ011/080762 (said sequences incorporated by reference herein).

571 In certain embodiments, in addition to or alternative to the mutations in Clk domains
described herein, both the immunaglobulin hetercdimerization domains (e, immunoglobuiin
CH1 and CL domains) of a polypeptide heterodimer have mutations so that the resulling
immunogliobulin heterodimerization domains form salf bridges (i.e., ionic interactions)
hetwasn the amino acid residues at the mutated sites. For example, the immunogiobudin
heterodifnerization domains of a polypeptide heterodimer can be a mutated CH1 domain in
compination with a mutated Ck domain. In the mutated CH1 domain, valine at position 68
(V68) of the wild type hurnan CH1 domain is substituted by an amino acid residue having a

nagative charge (e.g., aspartate or glutamate), wheraas leucine at position 29 (L29) of a
- & 7
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ruiated human Ck domain in which the first arginine and the last cysteine have besan
aelated is substituled by an aming acld residug having a positive charge (e.g., lysing,
argining or histidine). The charge-charge inferaction between the amino acid residue having
a negative charge of the resulting mutated CH1 domain and the amino acid rasidue having a
positive charge of the resulling mutated Ck domain forms a salt bridge, which stabilizes the
heterodimeric interface between the mutatad CH1 and Ck domains, Alternatively, VB8 of the
wild type CH1 can be substituled by an amino acid residus having a positive charge,
whereas L25 of a mutaied human Ck domain in which the first arginine and the last cysieing
have been deleted can be substituted by an amine acid residue having 2 negative charge.
Exermplary mutated CH1 seguences in which VB8 is substitutad by an amino acid with sither
a nagative or positive charge are sat forth in SEQ D NOS:844 and 845 of WG2011/080762
{said sequences incorporaied by reference herein). Exemplary mutated Ck sequencas in
which L29is substifuted by an aming acid with either &
forth in SEQ 1D NOS:842 and B43 of WOZ0T1/090762 {said sequences incorporated by

refarance herem).

negative or positive charge are set

104837 Positions other than VB8 of human CH1 domain and L28 of human Ck domain can
be substitutad with amine acids having opposite charges to produce onic interactions
betwean the aming acids in addition or alternative to the muiations in VB8 of CH1 domain
and .29 of Ck domain. Such positions can be identified by any suitable method, including
random mulagenesis, ana ij“iics of the crystal structure of the CHA-Ck pair to ideniify amino
acid residues at the CH-Ci interface, and further identifving suitaile positions among the
amino acid residues at the CH1-Ck interface using a st of oritera (e.q., propensily ©

engage n jonic interactions, proximity to & potential pariner rasidus, eic.).

{188 In certain embodimants, polypeptide heterodimers of the present disclosure contain
only one pair of immunoglobulin hetercdimerization domalns. Forexample, a first chain of &
nolypentide hetercdimer can comprise a CHT domain as an immunoglobulin
heterodimerization domain, while a second chain can comprise a Gl domain (e.g., 8 Cror
Ca) as an immunoglobulin heterodimenzation domain, Allernatively, a first chain can
comprise a CL domsin (e.g. ) 8 Cx or CA) as an immuinoglobulin hetersdimerization gomain
while g second chain can comprise g CH1 domain as an immuncglehbulin Reterodimarization
domain. As set forth herein, the immunoglobulin heterodimerization domaing of the first and

sacond chains ara capable of associating to form a heterodimeric protein of this disclosure,

{01801 In cerlain other embodiments, heterodimeric proteins of the present disclosure can
have two pairs of immunaglobulin hetercdimerization domains. For example, a first chain of
a heterodimer can comprise two CH1 domains, while a second chaln can have two CL

dornzins that associate with the two CH1 domains in the first chain. Altermnatively, a first
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chain can comprise two CL domains, while & second chain can have two CH1T domains that
associate with the two CL domains in the first chain. In cerfain embodiments, a first
polypeptide chain comprises a CH1 domain and a CL domain, while a second polypeptide
chain comprises a Cl. domain and a CH1 domain that associate with the CHT domain and

the CL domain, respectively, of the first polypentide chain.

84T In the embodiments where a heterodimeric protein comprises only one
heterodimarization pair (Le., one immunagiobulin heterodimerization domain in gach chamnj,
the immunoglobulin heterodimerization domain of each chain can be located amino-ierminal
to the immunagiobuiin constant region of that chain. Allematively, the immunogiobulin
heterodimerization domain in each chain can be located carboxyl-lerminal to the

immunogiobulin constant region of that chain.

01821 In the embodiments where a heterodimeric protein comprisas two
heterodimerization pairs (/.¢., two immunogiobutin heterodimerization domaing in each
chain), both immunogiobulin heterodimerization domains in each chain can be located
amino-terminal to the immunoglobulin constant region of that chain. Alternatively, both
immunoglobulin heterodimerization domains in each chain can be located carboxyl-terminai
to the immunoglobulin constant region of that chain. In further embodiments, one
immunogiobulin heterodimerization domain in each chain can be located amino-iarminal {o
the irmrmunoglobulin constant ragion of that chain, white the other immunogiobulin
heterodimerization domain of each chain can be located carboxyvl-terminal to the
immunogiobulin constant region of that chain. In other words, in those embodimentis, the
immunogiobulin constant region is interposed between the two immunoglobuiin

heteradimarization domaing of aach chain.

D, mmunesiobulin Constant resions

(631 As indicated herein, in certain embodiments, PSMA-binding polypeptides of the
oresant disclosure (e.g., SMIP, PIMS, SCORPION, and Interceptor molecules) compiise an
immunoglobulin constant region (zlso referred to as an constant ragion) in each polypspiide
ehain. The inclusion of an immunogiobulin constant region slows clearance of the
homadimeric and heterodimeric proteins formed from two PEMA-binding polypeptide chains
from circulation after administration o a2 subject. By muiations or other alterations, an
immunoglobulin constant region further enables relatively easy maodulation of dimeric
polypeptide effector functions (e.g., ADCC, ADCP, CDE, complerment fixation, and binding to
Fc receptors), which can gither be increased or decreased depending on the disease being

freated, as known in the art and describad herein, In certain emboediments, an
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immunogiobulin constant region of one or both of the polypeptide chains of the polypeptide
homoedimers and heterodimers of the present disclosure will be capable of mediating one or
more of thase effectar functions In other embodiments, one or more of these effector
functions are reduced or absent in an immuneogiobulin constant region of one or hoth of the
polypeptide chains of the polypeptide homodimers and heterodimers of the present
disclosure, as compared {o 2 corresponding wild-type immunoglobulin constant region. For
example, for dimeric PSMA-binding polypeptides designed fo elicit RTCC, such as, .g., via
the inclusion of 2 CD3-binding dornain, an immuraogiobu%iﬂ'caﬂstant region preferably has
raduced or no affector funclion relative to a corresponding wikd-type immaunogiobulin

constant region.

i

01641 Ahimmunoglobulin constarit region present in PSMA binding polypeptides of the
orasent disclosure can comprise of or is derived from part or all of: a CHZ domain, a CH3
domain, a CH4 domain, or any combination thereof. For example, an immunoglobulin
constant region can comprise a CH2 domain, a CH3 domain, both CH2 and CH3 domains,
hoth CH3 and CH4 domains, two CH3 domaing, a CH4 domain, two CH4 domains, and a

CHZ domain and part of a CH3 domain.

I3185] A CH2 domain that can form an immunoglobulin constant region of a PEMA-
ninding polypeptide of the present disclosure can be a wild type immunoglobulin TH2
domain or an altered immunoglebulin CHZ domain thereof from certain irmmunogiobulin
classes or subclasses {e.g., 1gG1, lgG2, 10G3, 1gG4, IgAt, lgA2, or igd) and from various

species (including human, mouse, rat, and other mammails).

01667 in certain embodiments, a CHZ domain is & wild type human immunoglobulin GH2
domain, such as wild type CH2 domains of human IgG1, igG2, IgG3, igiG4, IgAt, Ighd, or
lgD, as set forth in SEQ 1D NOS:115, 188-201 and 195-187, respactively, of PCT Fublication
WO2Z011/090762 [said sequences incorporated by reference herein). In certain
ambodiments, the CH2 domain is a wild type human IgG1 CH2 domain as set forth in SEQ

D NG5 of WO2011/090762 {sald sequence incorporated by reference herein).

Mi%7]  In certain embodiments, a CH2 domain is an altered immunoegiobulin UHZ region
{e.q., an altered hurnan 1gG1 CHZ domain) that comprises an amino acid substiiution at the
asparagine of position 297 {e.g., asparagine to alanine). Such an amino acld substitution
reduces or eliminates glycosylation at this site and abrogates efficient Fe binding fo FoyR
and Cla. The sequence of an altered human igG1 CH2 domain with an Asn o Ala
substitution at position 287 is set farth in SEQ 1D NC:324 of WO20T1/080702 sald

(sequance incorporated by reference herein).
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(01681 In certain embodiments, a CHZ domain is an altered immunoglobulin CH2 region
(e.g., an altered human lgG1 CH2 domain) that comprises al least one substitution or
deletion st positions 234 to 238. For example, an immunoglobulin CH2 region can comprise
a substitution at position 234, 235, 236, 237 or 238, positions 234 and 235, positions 234
and 236, positions 234 and 237, positions 234 and 238, positions 234-238, positions 234,
235 and 237, positions 234, 238 and 238, positions 234, 235, 237, and 238, positions 236~
238, or any cther combination of two, three, four, or five amino acids at positions 234-238.
in addition or alternatively, an altered CH2 region can comprise one or more (6.¢g., Wwo,
thrae, four or five) amino acid deletions at positions 234-238, for instance, at ona of posilion
235 or position 237 while the other position is substifuted. The above-noted mutation(s)
decrease or eliminate the antibody-dependent cell-mediated cytotoxicity (ADTC) aciivity or
Fe receptor-binding capability of a polypentide heterodimer that comprises the altsred CH2
dormain, In certain embodiments, the amino acid residues at one or more of positions 234~
238 has been replaced with one or more alanine residuss, in further embodiments, only one
of the amino acid residues at positions 234-238 have been dsleted while one or more of the
rernaining amine acids af positions 234-238 can be substituted with another amino acid

(a.q., alanine or sering).

IMEST  In certain other embodiments, a CH2 domain is an altered immunoglobulin GH2
region (e.g., an sitered human lgG1 CH2 domain) that comprises one of mars amino acid
substitutions at positions 253, 310, 318, 320, 522, and 331. For example, an
immunoglobulin ©H2 region can comprige a substitution at position 253, 310, 318, 320, 322,
or 331, positions 318 and 320, positions 318 and 322, positions 318, 320 and 322, or any
ather combination of two, thrae, four, five or six amino acids at positions 283, 310, 318, 320,
322, and 331. The above-noted mutation{s) decrease or eliminate the complamaent-
dependent cylotoxicity (CDC) of a polypeptide heterodimer that comprises the alterad CH2

domain

TN cartain other embodiments, in addition to the amine acid substitution at position
207, an aterad CHZ region {e.g., an aifered human IgG1 CHZ domainy can further comprise
one or more {e.g., two, three, four, or five) additional substitutions at positions 234-238. For
example, an immunoglobulin CH2 region can comprise a substitution at positions 234 and
287, positions 234, 235, and 297, positions 234, 236 and 287, positions 234-236 and 297,
nositions 234, 235, 237 and 297, positions 234, 238, 238 and 287, positions 234, 235 237,
238 and 297, positions 236-238 and 297, or any combination of two, thrae, tour, or five
amino acids at positions 234-238 in addition to position 297, in addition or allernatively, an
alterad CH2 region can comprise one or more {a.g., two, three, four or five) amino acid

deletions at positions 234-238, such as at position 236 or position 237, The additional
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mutation(s) decreases or eliminates the antibody-dependent cell-mediated cyiotoxicity
(ADCT) activity or Fo receptor-binding capability of a polypeplide heterodimer that
comprises the alterad CH2 domain. In certain embodiments, the amino acid residues at one
or more of positions 234-238 have been replaced with one or more alanine residues, in
further embodiments, only one of the amine acid residues at posiiions 234-238 has been
deletad while one or more of the remaining amine acids at positions 234-238 can be

substifuted with another amino acid (e.g., alanine or serine).

711 In certain embodiments, in addition to one or more {e.g., 2, 3, 4, or B) amino gcid
substifutions at positions 234-238, a mutated CHZ region {e.g., an altered human igG1 CHZ
domain) in a fusion protain of the prasent disclosure can contain one or more {g.g., 2, 3, 4, 5,

acid substittions (&.g., subsfituled with alaning) at one or more

ot

or 8} additional amin

o1

positions involved in complement fixation (e.g., af posilions 1253, H310, £318, K320, K322,

or P331). Exampies of mutated immunogicbulin CH2 regions include human igi1, 1gG2,

~

e

0G4 and mouse lgG2a CH2 regions with alanine substitutions at positions 234, 235, 237 (if
presant), 318, 320 and 322 An exemplary mutated immunogiobulin CH2 region is mouse
HGHG20 CH2 region with alanine substitutions at L234, L235, G237, E318, K320, and K322,

WATE In still further embodiments, in addition {o the amine acid substitution at position
297 and the additional deletion(s) or substitution(s} at posifions 234-238, an aliered CHZ
region (e.q., an altered hurmhan [gG1 CH2 domain) can further comprise one or mare (2.9,
two, three, four, five, or six) addifional substitutions at positions 253, 310, 318, 320, 322, and
331. For example, an immunogicbulin CH2 region can comprise a (1) substitution at
position 297, (2) one or more substitutions or deletions or a combination thereof at positions
234-238 and one or more {e.g., 2, 3, 4, 5, or 8) amino acid substiutions at pesitions 1253,
H310, £318, K320, K322, and P331, such as one, two, three substitutions at positions £318,
K320 and K322, The amino acids af the above-noted positions can be substituted by

atanine or sarine,

M473]  In certain embodiments, an immunoglobulin CH2 region polypeptide comprises: (i)
an amino acld substitution at the asparagines of IQUE’SE'EE(DH 287 and one amino acid
substitution at position 234, 235, 236 or 237; (Ii) an amino acid substitulion at the asparagine
of position 297 and amine acid substitutions at two of positions 234-237; (iii) an amino acic
substitution at the asparagine of position 287 and arnino acid substitutions at three of
positions 234-237; (iv) an armino acid substifution at the asparagine of position 287, amino
acid substitutions at positions 234, 235 and 237, and an amino acid deletion at position 236,
(v) arino acid substitutions at three of positions 234-237 and amino acid substitutions at

positions 318, 320 and 322; or (vi) amino acid substitutions at three of positions 234-237, an



WO 2012/145714 PUEMIREBIZ/N34575

amino acid deletion at position 238, and amino acid substitutions at positions 318, 320 and
322

[9174] Exemplary altered immunoglobulin CH2 regions with amino acid substitutions at
the asparaging of position 297 include: human 1gG1 CH2 region with alanine substitutions at
L2234, L2335, G237 and N297 and a deletion al G236 (SEQ 1D NO:325 of WO201 1090762,
said sequence incorporated by reference herein), human IgG2 CH2 region with alarine
substitutions at V234, G236, and N287 (SEQ D NO:326 of WOZ011/090762, said sequences
incorporated by reference herein), human lgG4 OH2Z region with alanine substifutions at
Faad L2A5 G237 and N287 and a delstion of G238 (SEQ 1D MO:322 of WORCT/UB0762,
said sequence incorporated by reference herein), human IgG4 CH2 region with alanine
substitutions at F234 and N297 (850 1D NO:343 of WO2011/080782, said sequence
incorporated by reference herein), human [gG4 CHZ region with alanine substitutions at
P25 and NZOT (SEQ 1D NOG344 of WEZOTH0BDTE2, said sequence incorporatad :’Tﬁ‘)i
reference herain), human lgG4 CH2 region with alanine substitutions at G200 and NZ§

(SEC D NC248 of WON08078E, said sequancs Incorpor ated by reference hersin), and

wnan g4 CH2 region with alanine substitutions. at G207 angd N2GT (BEQ 1D NO348 of

said sequencs hcorparated by reference haraing,

781 In cartain embodiments, in addition o the aming avid substitutions describad
above, an altered CHZ region (e, an alterad human g1 CH2 domain; can contain one o
rrove adcitional aming soid substitutions &t ong or more positions other than the above-
notad positions,  Such amino acid substitutions can be consarvalive or non-consernvative
amino acid substitutions. For example, in certain embodiments, P233 can be changad 1o
E233 in an altered IgG2 CH2 region (see, e.g., SEG D NO:326 of WG2011/080782, said
saquence incorporated by reference herein). In addition or aliernatively, in cerlain
embodiments, the aftered CH2 region can contain one or more aming acid nsertions,
deletions, or both. The insartion(s), deletion(s) or substitution(s) can he anywheare in an
immunogliobulin CH2 region, such as at the N- or C-terminus of a wild type immunogiooulin
CH?2 region resulling from linking the CH2 region with another region (e.g., a binding domain

or an immunegiobulin heterodimerization domain) via a hinge.

1761 In certain embodiments, an allered CH2 region in & polypepiide of the present
disclosurs comprises or is a sequence that is al least 80%, at least 91%, at least 82%, at
lemst 93%, at least 94%, at least 85%, at least 96%, at least 87%, at least 88%, at least 8%
identical to a wild type immunoglobulin CH2 region, such as the CH2 region of wild type

human G, 1gG2Z, origG4, or mouse igG2a (s.q., iIGHGZC).
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FEYITTY An alisred immunogiobulin CH2 region in a PEMA-binding polypeptide of the
mresent disclosure can be derved from g CHE region of various §n‘1mumgi€zbu§m motvpes,
such e igT, 10G2, I3, g4, IgA1, IgAZ, and igll, from varous species {including
Reman, mouse, et ang other mammale) In cerain ambodiments, an alierad
munogiobulin CHE reglon it a fusien protein of the present disclosure can be derived from
2 CH2 reglon of human G, ol or ng% or mause (gl2a {e.g, IGHGEEG, whose
seguences are set forth in SEQ 1D HOS 1S, 188, 201, and 320 of WOZDTHR0762 {said

ssouences incorporated by referance herein),

H2 domain wit

{“3

VR In cortam ambodimants, an silered CHZ domain i3 g human g1

.t

L

algnine substiiullons sl positions 235, 315, 32.%, and 322 (s, a homan g1 OH2 domain
with L236A, B384, KA20A and K322A substitutions) (SEQ 1D NG GBS of W02 1080782,

said sequence incorporated by reference herein), and optionally an N287 mutation (e.g., to

i

alaning). I certain other embodiments, an altered CH2 domain is a human igG1 OhHZ
domain with alanine substiiutions at positions 234, 238, 237, 318, 320 and 322 (i.e.,
huimian 9G1 CH2 domain with L234A, L235A, GZ37A, E318A, K320A and K322A
substitutions) (SEQ 1D NG:588 of WO2011/080782, said sequence incorporated by

reference herein), and optionally an NZ87 mutation (e.g., 1o alanine).

179 In certain embodirmenis, an altered CH2 domain is an altered human lgG1 OHZ
dornain with muiations known in the art that enbance immunoclogical activities such a8

ADCC, ADCP, CDC, somplement fixation, Fo receptor binding, or any combination thersof,

RN The CH3 domain that can form an immunoglobulin constant region of a PSMA-
binding polypeptide of the present disclosure can be a wild type immunoglobulin CH3
domain or an altered immunoglobulin CH3I domain thersef from certain immunoglobuiin
classas or subclassaes (e.g., IgB1, IgB2, 1gG3, 1gG4, IgAt, IgA2, Igh, igkE, lgM) of various
spacies (including human, mouse, rat, and other marmmals). in cerlain embodiments, a CH3
domain is a wild tvoe human immunoglobulin CH3 domain, such as wild type CH3 domains
of hurnan g1, 1gG2, 1gG3, IgG4, IgAt, 1gAZ, 1gD, IgE, or IghM as set forth In SEQ D
MOS8, 208-210 204-207, and 212, respactively of WO2011/080767 (said sequences
incorporated by reference harein). [n ceriain embodiments, the CH3 domain is & wild type
human (g1 CH3 domain as set forth in SEQ 1D NOG: 116 of WO2011/080762 (said sequence
incorporated by reference herein), In certain embodiments, a CH3 domain is an altered
hurnan immunoglobulin CH3 domaln, such as an altered CH3 domain based on or derived
from a wild-type CH2 domain of human igG1, g2, 1gG3, IgG4, IgA1, JgAZ, 1gl, IgE, or IgM
antibodies. For example, an altered CH3 domain can be a human 1gG1 CH3 domain with
one or two mutations af positions H433 and N434 {positions ars numbered according to EU
numbering). The mutations in such positions can be invoived in complament fixation. iIn

%

&
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ceriain other embodimants, an altered CH3 domain can be s human lgG1 CH3 domain hut
with one or two amino acid substiiutions at position F405 or Y407, The amino acids at such
positions are involved in interacting with another CH2 domain. In cerlain embodiments, an
altered CH3 domain can be an altersd human igG1 CH3 domain with its last lysine deleted.
The sequence of this alterad CH3 domain is set forth in SEGQ 1D NG:781 of WGZ011/080762

{sald sequence incorporated by referenca hersin).

01811 In certain embodiments, PSMA-binding polvpeptides forming a polypeptide
heterodimer comprise a GH3 pair that comprises so called “knobs-into-holes” muiations
{zee, Mavin and Zhu, Acta Pharmacologica Sinica 28:648-58, 2005; Ridgway ef al., Protein
Engineering 8:617-21, 1866). More specilically, mutaiions can be infroduced info sach of
the wo CH3 domsing of 2ach polypeptide chain so that the steric complementarity required
for CHI/CHS association obligates these two CH3 domains to pair with each other, For
example, a GH3 domain in one singla chain polypeptide of a polypentide heterodimer can
contain a TA86W mutation {2 “knob” mutation, which substitutes a small amino acid with a
larger one), and a CH3 domain in the other single chain polypeplide of the polypeptide
heterodimer can contain a Y407A muiation {a “hole” mutalion, which substitutes a large
arnino acid with a smaller one). Other exemplary knobs-info-holes mutations include (1) &
TIESY mutation in ona CH3 domain and a Y407T in the other CH3 domain, and (Z) 2
TARBW mutation in one CH3 domain and TA865, L388A and Y407V mutations in the other

{H3A domain,

gﬁ‘"”%‘é}i%} The 4 domain that oan form an immunaglobulin constant region of PEMA-

wnding polvpeptides of the present disclosure can be a wild bype iImmunoglobudiny GHd
domain or an aitered immunegiobutin OH4 domam thereofl from 08 or oM molesoudas, In
cavialn embodiments, the CH4 domain is g wild type human immunoglobulin CH4 domain,
stich as wild type CH4 domains of human igk and IgM molecules as setforth in BEQ D
MOS:213 and 214, respectively, of WOZ011/080782 (said sequences incorporatad by
referance herein). In certain emboediments, a CHd domain is an altered human
immunogiobulin CH4 dormain, such a8 an altered OH4 domain based on or derived from a
CH4 domain of human 1gE or igM molecules, which have mulations that increase or

decrease an immunclogical activity known to be associated with an gz er igM Fe region,

1831 In certai embodiments, an immunoglobulin congtant region of PSMA binding
polvpentides of the prasent disclosure comprises a combination of Ori2, CH3 or CH4
domains (Le., more than one constant region domain selected from CHZ, CH3 and CH4).
For example, ihe immunoglobulin constant region can comprise CH2 and CH3 domains or
GHE and OH4 domains, In certain.other embodiments, the immunoglobulin constant region

can comprise two CH3 domaing and no CH2 or CH4 domains (Le., only two or more CH3).

sy
o,
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The multiple constant region domains that form an immuneglobulin constant region can be
hased on or derivad from the same immunoglobulin moleculs, or the same class or subclass
immunoglobulin molecules. {n certain embodiments, the Immunoglobuiin constant region is
an IgG CH2CH3 (e.g., 1gG1 CH2CHS, 1gG2 CH2CH3, and igG4 CH2CH3) and can be a
human (e.q., ruman IgG1, tgG2, and lgGd) CHZCH3. For example, in cerfain embodiments,
the immunogliobulin constant region comprises (1) wild type human lgG1 CH2 and CH3
domains, (2) human lgG1 CH2 with N297A substitulion (Le., CHZ(NZOTA)Y) and wild type
human igG1 CH3, or (3) human lgG1 CH2(M287A) and an altered human igG1 CH3 with the

last lvsing dalated.

5

Di84]  Alternatively, the mulliple constant region dernains can be basad on or derivedd
from differant immunogiobulin maolecules, or different classes or subclasses immunoglebulin
maolecules. For example, in certain embodiments, an immunocglobulin constant region
comprisas both human igh CH3 domain and human 1gG1 CH3 domain. The muliiple
constant region domains that form an immunoglobulin constant region can be directly linked

together or can be linked to each other via one or more (2.g., about 2-10) amino acids.

01857 Txemplary imrouncglobudin constant regions are sef forth in SEQ D NOS:305-308,
a2 323, 341, 342, and 762 of WOR011/080782 (said sequences incorporated by referance

hereind.

1881 In cerlain embodiments, the immunoglobulin constant regions of both PSMA-
hinding polypeplides of a polypeptide homodirmer or heterodimer are identical 1o sach other.
in certain other embodimsants, tha immuncglobulin constant region of one polypeplide chain
of o hetercdimeric protein is different from the immunogiobulin constant region of the other
nolypeptide chain of the heterodimer. For example, one immuncglobulin constant region of
a heterodimeric protein can contain & CH3 domain with a "knob” mutation, whereas the other
immunoglobulin constant region of the heterodimeric protein can contain a CH3 domain with

a “hiole” mutation.

V. Nucleic Acids, Host Cells. and Methods for Production

18T The invention also includes nuclsic acids (e.g., DNA or RNA) encoding a PSMA-
binding polypentide as described herain, or one or more polypeptide chains of a dimeric or
heterodimeric PSMA-binding protein as described herein. Nucleic acids of the invention
include nucleic acids having a region that is substantially identical to a polynucleotide as
Ested in Tabie 3, infra. In cerfain embodiments, a nucleic acid in.accordance with the
present invention has at least 80%, typicaily at least about 80%, and more typically af least

about 85% or at least about 88% idantity to a polypeptide-encoding polynucleotide as listed

S

Lok
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int Table 3. Mucteic acids of the invention also include complamentary nucleic acids. In
some instances, the sequences will be fully complementary {no mismatches) when aligned.
in other instances, thare can be up {o about a 20% mismatch in the sequences. In some
embodiments of the invention are provided nuciaio acids encoding both first and second
polypeptide chains of a heterpdimeric PEMA-binding protein of the invention. The nucleic
acid sequences provided herein can be expleited using codon optimization, degenerate
sequence, silent mutations, and other DNA technigues to oplimize expression in a particular

host, and the present invention encompasses such sequence modifications.

{0188]  Peolynucieotide molecules comprising a desired polynuclectide sequence are
propagated by placing the moleculs in a vector. Viral and non-viral veciors are used,
including plesmids. The cholce of plasmid will depend on the type of call in which
oropagation s desired and the purpose of propagation. Certain vectors are useful for
armpiffying and making large amounis of the desired DNA sequencs. Other vectors are
suitable for expression in cells in culture. Shll other vaciors are suitable for iransfer and
expression in cells in a whole animat or person. The choice of appropriate vector is well
within the skill of the art. Many such vectors are available commercially. The partial or full-
fengih pelynucleotide is inserted into a vector fypically by means of DNA ligase atfachment
to a cleaved restriction enzyme site in the vector, Altazmatively, the desired nucleclide
sequence can be inserted by homologous recombination in vivo, Typically this is
aceomplishad by aitaching regions of homoiogy to the vector on the flanks of the desired
nucleotide seguence. Regions of homology are added by ligation of oligonuciectides, or by
oolymerase chain reaction using primers comprising both the region of homology and a

portion of tha desired nucleotide sequence, for example.

G488  For expression, ar expression casselie or system may be emplovad. To axpress a
nucleic acid encoding a polypeptide disclosed herein, a nucleic acid molecule encoding the
nolypeptids, operably linked to regulatory sequences that control ranscriptional expression in
an expression vector, is introduced info 3 host cell. In addition to transcriptional regulatory
sequences, such as promoters and enhancers, expression vectors can include fransiational
regitatory sequences and a marker gene which is suitable for selection of cells that camry the
expression vector. The gene product eéncoded by a polynhuciectide of the invention is
expressed in any convenient expression sysiem, including, for example, bacierial, yeast,
insect, amphibian and mammatian systems. In the expression vector, the polypeptide-
encoding pelynucleotide is linked o a reguiatory sequence as appropriate to obtain the
desired exprassion properties. These can include promoters, enhancers, terminators,
operators, repressors, and inducers. The promoters can be requiated (e.g, the promoter

frome the sterold inducible piND vector (Invitrogen)) or constitutive {e.g., promoters from

&4
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CMY, 3V40, Elongation Factor, or LTR sequences). These are linked 1o the desired
nuclestide sequence using the techniques described above Tor linkage to vectors. Any
techniques known in the art can be used. Accordingly, the exprassion vector will generally
provide a transcriptional and translational initiation regicn, which can be inducible or
constitutive, where the coding region is operably linked under the transcriptional controf of

the transcristional inttiation region, and a transcriptional and translational termination region.

1867 An exoression cassette ("expression unit”) can be introduced into a variety of
vectors, e.g., plasmid, BAC, YAC, bacteriophage such as lambda, P1, M13, ef{:.",""rr}lami or
amimal viral vactors (e.g., retroviral-based vectors, adenovirus vectors), and the like, whers
the vectors are normally characterized by the ability to provide selaction of cells comprizing
ihe expression vactors. The vectors can provide for extrachromosomal maintenance,
particularly as plasmids or viruses, or for integration into the host chremosome, Where
extrachromosomal maintenance is desired, an origin seguence is provided for the replication

of the plasmid, which can be low- or high copy-number. A wide variety of markers are
available Tor sslection, partdcularly those which protect against toxing, more particutarly
against antibictics. The particular marker that is chosen is selected in accordance with the
nature of the host, where In some casas, complamentation can be employved with
auxotrophic hosts. Introduction of the DNA construct can use any convenient method,
including, e.¢., conjugation, bacterial transformation, calcium-precipitated DNA,

slectroporation, fusion, fransfeciion, infection with viral vectors, biclistics, and the like.

4811 Accordingly, proteins for use within the present invention can be produced in
genetically engineerad host cells according to conventional techniques. Suitable host cells
are those cell iypes that can be transformed or transfecied with exogenous DMA and grown
i culture, and include bacteria, fungal cells, and culfured higher eukarvetic cells (including
cullured calls of multiceliular organisms), particdarly cultured mammalian cells. Techniguas
for manipulating cloned DNA molecules and introducing execgenous DNA into a variety of
host cells are disclosad by Sambrock and Russell, Molecular Cloning: A Laboratory Manual
(3rd ad., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001), and Ausubel

et al., Short Profocols in Molecular Biology {(4th ed., John Wiley & Sons, 1898).

521 For exam;}?e, for recombinant exprassion of & homodimearic FSMA-binding protein
comprising two identical PSMA-binding polypeptides as described herain, an expression
vactor will generally include a nuclaic acid segment encoding the PSMA-binding polypeptids,
operably linked to a promoter. For recombinant expression of a heteradimearic PSMA-
binding protein, comprising different first and second polypeptida chains, the first and second
nolypeptide chains can be co-expressed from separate vectors in the host cell for expression

of the entire heterodimeric protein, Alternatively, for the expression of heterodimeric PSMA-

5%
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binding proteins, the first and second polypeptide chains are co-expressed from separate
axpression units in the same vecior in the host cell for expression of the entire heterodimeric
protein. The expression vector(s} are transferred to a host cell by conventional techniques,
and the ransfected cails are then culiured by conventionai technigues fo produce the

encoded polypeptide(s) 1o produce the corresponding PSMA-binding protein.

01831  To direct a recombinant protein into the secretory pathway of a host cell, a
secretory signal sequence {also known as a leader sequence} is provided in the exprassion
vector. The secretory signal sequence can be that of the native form of the recombinant
protain, or can be derived from another secreted protain or synthesized de nove. The
saecrefory signal sequence is operably linkad to the polypeptide-anceding DNA sequence,
ie., he two sequences are joined in the corract reading frame and positionad 1o direct the
nawly synthesized polypeptide into the secretory pathway of the host cell. Secrstory signal
seguances are commaonly positioned 5 {o the DNA sequence enceding the polypeplide of
interest, although ceriain signai sequances can be postiched elsewhers in the DNA
sequence of interest (see, e.g., Weich af af, U.5. Patent No. 5037, 743; Helland ef af, U.S.
Patent Mo, 5,143,830). In cartain varialions, a secrelory signal sequence for use in
accordance with the present invention has the amino acid sequence
MEAPAQLLFLLLLWLPDTTG (SEQ H2 NO:8E).

1847 Cullured mammalian cells are suitable hosts for production of recombinant profeins
for use within the present invention. Methods for introducing exogsnous DNA into
mammalian host calls include calcium phosphate-mediated fransfection (Wigler of 2l Caff
14:725, 1978; Corsaro and Pearson, Somatic Cell Genetics 7603, 1881 Graham and Van
der Eb, Virology 52:4588, 1973), electroporation (Neumann ef al., EMBO J. 1:841-845, 1882),
DEAE-dexiran mediated ransfection {Ausubel of al., supra), and liposome-madiaiad
transfection (Hawley-Nelson et &, Focus 1573, 1893, Cicoarone ef al, Focus 15:80, 1883).
The production of recombinant polypeptides in culiured mammalian cells is disclosed by, for
example, Levinson ef &/, U8, Patent No. 4,713,339, Hagen gf g/, U.S. Patant No.
4,784 950, Paimiter of al, LS. Patent Mo, 4,578,821, and Ringold, U.B. Patent No.
46856 134, Exampies of sultable mammalian host cells include African gresn monkey kidney
cells (Vero; ATCC CRL 1587), human embryonic kidney cells (283-HEK, ATCC CRL 1573),
baby hamster kidnay cells (BHK-21, BHK-570; ATCC CRL 8344, ATCC CRL 10314), canine
Kidnay cells (MDCK, ATCC CCL 34), Chinese hamster ovary calls {CHO-K1, ATCC CCLEY,
CHO DG4E: CHO DXB11 (Hyclone, Lagan, UT); see also, g.¢., Chasin ef al,, Som. Cell
Molec. Genet. 12:555, 1986)), rat pituitary cells (GH1; ATCC CCLE2), Mela 83 cells (ATCC
COL2.2), rat hepatoma cells (H-4-H-&; ATCC CRL 1548) Bv40-transformed monkeay kidnay
elis (CGS-1; ATCC CRL 1650} and murine embryonic cells (NIH-3T3; ATCC CRL 1658}

55,
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Additional suitable celt lines are known in the an and available from public depositories such
as the American Type Culture Collection, Manassas, Virginia, Strong franscription
prometers can be used, such as promoters from SV-40 or cytomegelovirus. See, e.g., U.S.
Patent No. 4,956,288, Cther suitable promoters include those from metaliothionein genes
(L5, Patents Nos. 4,579,821 and 4,801,878) and the adenovirus major late promoter.
1981 Drug selection s generally used o select Tor cullured mammalian cells into which
foreign BNA has been inserted. Such celis are commonly referred (o as Yransfeclanis.”
Cells that have been cultured in the presence of the selective agent and are able {o pass the
gane of interast to thelr progeny are referrad 1o as “stable ransfactants.” Exemplary

selectable markers include a genag enceding rasistancs to the antibiotic neomycin, which
aliows selection {o be carried out in the presence of a neomycin-type drug, such as 5418 ¢
the fike: the gpt gene Tor xanthine-guaning phosphoribosyt ransferase, which sermits host

call growth in the presence of mycophenolic acidixanthing, and markers that provide
resistance to zeocin, blsomycin, blastocidin, and hygromycin (see, e.g., Galignol ef ai., Mol.
Gen. Genef. 207342 1887 Drocourt ef &, Nucl Acids Res. 184008, 1990). Selection
systemns can aiso be used lo increase the expression level of the gene of interast, o process
refarred to a5 “amplification.” Amplification Is carfied out by cutturing transfectants in the
presence of a low level of the selective agent and then increasing the amount of selective

ant to selact for calis that produce Bigh levels of the products of the infroduced genes. An

exer‘np%ary armplifiable selectable marker is dihydrofoiate reductase, which confers resistance
to methotrexate, Glher drug resistance genes (e.g., hygromyesin resislancs, muli-drg

resistance, puromycin acelyliransferase) can also be used

1887 Other higher sukaryotic calls can also be used as hosis, including insect cells, plant
ceils and avign celis. The use of Agrobaclerium rhizogenas as a vector for sxprassing
genes in plant cells has been reviewed by Sinkar ef al, J. Biosci, (Bangalors) 11.47-58,
1887, Transformation of insect cells and production of foreign polypeptides therein is

disclosed by Guarine ef af, U5, Patent Mo, 5,162,222 and WIPDO publication WO 84/08463.

87T Insect calls can be infected with recombinant baculovirus, commonly derived from
Auvtographa californica nuclear polyhedrosis virus (AcNPV). See King and Fossee, The
Baculovirus Exprassion Systorr. A Laboratory Guide (Chapman & Hall, London), O'Reilly &f
al., Baculovirus Fxprassion Veclors: A Laboratory Manual (Oxford University Press., New
York 1994); and Baculovirus Expression FProtocols. Methods in Molecular Biclogy
{Richardson ed., Humana Prass, Totowa, NJ, 1898). Resombinant bacuiovirus can also ba
produced through the use of a transposon-based sysiem described by Luckow ef afl. (J.

Virol, 87.4566-4579, 1993), This system, which dlilizes transfer veciors, is commerciaily

available in kit form (BAC-TO-BAC kit Life Technologies, Gaithersburg, MD). The transfer

5%
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vecior (e.g., PFASTBACT; Life Technologies) contains a Tn7 transposon to move the DNA
encoding the protein of interest into a baculovirus genorme maintained in £. coli as a large
plasmid called & “bacmid.” See Hill-FPerkins and Passee, J. Gen. Virol 71:871-876, 18980,
Bonning ef al., J. Gen. Virol 75:1551-1558, 1884, and Chazaenbalk and Rapoport, J. Biol
Chem. 270:1543-1549 1995, In addition, fransfer vectors can include an in-frame fusion
with DNA encoding a polypeptide exdension or affinity tag as disclosed above. Using
techrigues known in the art, s transfer vector eontaining & protein-encoding DNA ssquence
is transformed inte £, coff host calls, and the celis are screenad for bacmids which contain
an inferrupted lac? gene indicative of recombinant baculovirus. The bacmid DNA cortaining
the recombinant baculovirus geneme is isolated, using common tachniquses, and used to
transfect Spodoptera frugiperda cells, such as 518 cells. Recombinant virus that expresse

the protein or interest is subsequently oroduced. Recombinant viral stocks are mads by
methods commonly usad in the art.

[0M198] For protein production, the recombinant virus is used {o infect host cells, typically a
cedl line derived from the fall armywetm, Spodoplera frugiperda (e.g., S8 or 5121 celis) or
Trichopiusia ni (g.g., FIGH FIVE cells; Invitrogen, Carisbad, CA). See generaify Glick and
Pasternak, Molecular Biotechnology, Principies & Applications of Recombinant DNA (ASM
Press, Washington, D.C., 18984), See also U5, Patent No. 5,300,438, Derurmn-free media
are used to grow and maintzin the celis. BSuillable media formulations are known in the art
and can be oblained from commercial suppliers. The cells are grown up from an inoculation
density of approximataly 2-5 x 10° cells to a density of 1-2 x 10° cells, at which time 2
recormbinant viral stock is added at a mulliplicity of infection (MO of 0.1 10 10, more typicaly
near 3. Procedures used are generally described in available lsboratory manuals (ses, 8.9,

King and Posses, supra; O'Reilly ef al., supra, Richardson, supra).

o881 Fungal cells, including veast cells, can also be usad within the present invention,
Yeast species of in this regard include, e.g., Saccharomyces carevisiae, Pichia pastoris, and
Fictia methanofica. Methods for transforming 8. ceravisias cells with exogenous DNA and
pmdl«;c%mg recombinant polypentides therefrom are disclosed by, for example, Kawasaki,
U.S Potent No. 4,589,311, Kawasaki ef al, 113 Patent No. 4931 373; Brake, LS, Patent
Mo, 4,870,008 Welch ef al., U 5. Patent Mo, 5,037,743, and Murray ef af,, U.S. Patent No

4 845 075, Transformed cells are sslected by phenotype determined by the seiectable
marker, commaonly drug resistance or the ability to grow in the absence of a particular
nutrient (8.q., leucing). An exemplary vecior systerm for use in Saccharomyces cerevisiag is
the POTT vactor systern disclosed by Kawasaki et g/, (U5, Patent No. 4,931,373), which
allows transformed cells to be selected by growth in glucose-contaiming media. Suitable

promoters and erminators for use in yeast include those from glycolylic enzyme genes (ses,

T
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a.¢., Kawasaki, U 8. Patent No. 4,529,311, Kingsman ef a/., U.S. Patent No. 4,615,874, and
ar, U5, Patent No. 4,877,082} and alcehol dehydrogenase genas. See also U5,
Patenis Nos, 4,980,448; 5 083,184, 5,139,838, and 4,861,454, Transformation systems for
other yeasts, including Hansenula polyrorpha, Schizosaccharomyces pombe,
Kiuyveromycees lactis, Kiuyveromyees fragilis, Ustifago maydis, Pichia pastoris, Pichia
methanolica, Pichia guilfermondil, and Candida maltosa are known in the art. See, e.g.,
Sleeson ef gl J. Gen. Microbiol, 132:3459-3485, 1888, Cregy, U.S. Patent No. 4,882,27¢,
and Raymond ef al., Yeast 14:11-23, 1998, Aspergiflus cells can be utilized according to the
mathods of McKnight ef af, LLS. Patent Mo, 4,835,340, Methods for transforming
Acremonium chrysogenum are disclosed by Sumino ef af, U5, Patent Mo, 5,162,228,
Mathods for transforming Neurospora are disclosed by Lambowiiz, U8, Patent No.
4 488 533, Production of recombinant proteins in Pichia methanciica is disclosed in 1.5,
Paients Nos. 5 716,808; 5,736,383 5,854 03%; and 5,888,768,

2007 Prokaryotic host cells, including strains of the bacteria Escherichia coli, Baciilus,
and other genara are also useful host cells within the present invention. Technigues for
transforming these hosts and expressing forsign DMA sequences cloned therein are well-
known in the art {sege, e.g., Sambrook and Russell, supra). When expressing a recombinant
protein in bacteria such as E. coli, the protein can be retained in the cytoplasm, typically as
insoluble granules, or can be directad o the periplasmic space by a baclerial secretion
sequence. In the former case, the cells are lysed, and the granules are recovered and
denatured using, for example, guanidine isothiocyanate or urea, The denatured protein can
then be refolded and dimerized by diluting the denaturant, such as by dialysis against a
solution of urea and a combination of reduced and oxidized glutathione, followed by dialysis
against a buffered saline solution. in the aliernative, the protein can be recovered from the
cytophasm in solubde form and isolated witheut the use of denaturants. The profain is
recovered from the cell as an agueous exiract in, Tor example, phoschate buffered saline,
To capture the proifein of inferest, the extract is applied directly to a chromatographic
meadium, such as an immobilized antibody or heparn-Sepharose coiumn. Secreted proteins
can ba recoverad from the periplasmic space in a soluble and unclicnal form by disrupting
the cells (by, for exarnple, sonication or osmolic shock) (o release the contents of the
periplasmic space and recovering the protein, thereby obviating the need for denaturation
and rafolding. Antibodies, including single-chain antibodies, can be produced in bacterial
host calls according to known methods. See, e.g., Bird e al., Science 242:423-428, 1988,
Husion et al., Proc. Math Acad. Sci. USA BS:5B79-5883, 1988, and Panicliano ef af,
Biochem, 30 10H7-10125, 1991,
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02097  Transformed orf transfected host cells are cuitured according o conventional
procedures in a culture medium containing nutrients and other components required for the
growth of the chosen host cells. A varisty of suitable media, including defined media and
compiex media, are known in the art and generally include 2 carbon source, & nitrogen
sourcs, essential amine acids, vitaming and minerals. Media can also contain such
components as growih factors or serum, as required. The growth medium will generally
select for cells containing the exogenously added DNA by, Tor example, drug selection or
deficiency in an essential nutrlent which is complemantad by the selectable marker carried

n the axpression vector or co-transfectad into the host ceil.

o

02021 PSMA-binding proteins are purified by conventional protein purification methods,
typically by & combination of chromatographic techniques. See generally Affinity
Chrormatography: Principles & Methods (Pharmacia LKB Biotechnology, Uppsala, Sweden,
1988); Scopes, Profein Furification: Principles and Fractice {Springer-Varlag, New York
1984}, Proteins comprising an immunoglobulin Fo region can be purified by affinity
chromatography on immobilized protein A or profein (5. Additional purification steps, such as
gel filtration, can be used o obiain the desired level of purity or to provide for desaliing,

buffer exchange, and the like.

V. Methods of Treatment

{©20%1  In another embodiment, the present invention provides a method for reating a
disorder characterized by overexpression of PSMA. Generaily, such mathods include
administering io a subject in need of such freatment g therapeutically effective amount of 2
PEMA-binding protein as described herein. In some embadimanis, the PSMA-oinding
protein comprises at least one effector function selected from antibody-dependent cell-
nediated cytetoxcity (ADCC) and complement-dependent eylotoxicity (TG, sueh that the
PSMA-binding protein induces ADCC andfor CDO against PE3MA-expressing cells in the
subject. In other embodiments, where the PEMA-binding protein comprises a second
binding domain that specificaily binds a T cell (e.g., 1o & TCR complex or component thereof,
such as CH3e), the PSMA-binding protein induces redirected T-cell cyiotoxicity (RTCC)

against PEMA-expressing cells in the sugject.

(20471 In certain variations of the methad, the disorder is a cancer. Exemplary cancers
amenable fo reatment in aceordance with the present invention include, for example,
prostate cancer (e.g., castrate-resistant prostate cancer), colorectal cancer, gastric cancer,
clear cell renal carcinoma, bladder cancer, and lung cancer. In other variations, the disorder

is a prostate disorder such as, for example, orostate cancer or benign prostatic hyperplasia
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(BPH). in yet other embodiments, the disorder is an neovascular disorder such as, for
sxample, a cancer characterized by solid tumor growth. Exemplary cancers with tumor
vascuiaiures characterized by PSMA overexgression and amsnable to freatment.in
aeoordancs with the ¢ ot wvendion inchuds, for exampls, clear call renal caroinon
{CORGOY, colorecial cancer, braast cancer, bladder cancer, lung cancer, and nanoreatic
cancer (388, e.g., Bacoals of &l Urdlogy 70885360, 2007 (expression of PSMA I
CROCY Liv of gl Cancer Feg 57:3628-3834, 1887 (exprassion of PEMA i various non-

prostate cancars, including renal, urothelial, lung, colon, Dreast, and adencoarcinaoma o the

ver) and Milowsky ef ai, J Clin, Oncol. 25:840-847, 2007 {sxpression in, 8.g., kidnay,
colon, bladder, and pancreafic cancers, and demonsiration of specific targating o tumor

asculature in humans using an anti-PSMA mAb).

{32051 In sach of the embodiments of the treatment methods described herain, the PSMA-
binding protein is delivered in a mannar consistent with conventional methodoelogios
associated with management of the disease or disorder for which freaiment is sought. In
accordancs with the disclosure herein, an effective amount of the PSMA-binding protein is
administered {0 a subjact in need of such treatrnent for a time and under conditions sufficient

to prevent or fraal the dissase or disorder.

(02087 Subjsects for administration of PEMA-binding proleing as describad herein include
patisnts af high risk for developing a particular disorder characterized by PSMA
averexpression as well as patients presenting with an existing such disorder. Typically, the
subject has bean diagnosed as having the disorder for which treatment is sought. Further,
subjects can be monitored during the course of treatment for any changs in the disorder
{e.g., for an increase or decreasa in clinical symploms of the disorder). Also, in some
variations, the subject does not suffer from another disorder requiring freatment that involves

targeting FEMA-expressing cells.

02077 Inprophyiactic applications, pharmacsutical compositions or medicants are
adminisierad (0 3 patient susceptble {o, or otherwise at nisk of, a paricular disorder i an
amount sufficient 1o siiminate or reduce the sk or deiay the onset of the disorder. in
therapeutic applications, compaositions or medicants are administered to a patient suspected
of, or already suffering from such a disorder in an amount sufficient to cure, or at least
partially arrest, the symptoms of the disorder and ifs complications. An amount adequats to
accamplish this is referred {0 as a therapeuticaily effective dose or amount. In both
nrophylactic and therapeutic regimes, agents are usually administered in several dosage

until a sufficient response (e.g., inhibition of inappropriate anglogenesis activity) has been
achieved. Typically, the response is monitored and repeated dosages are given if the

desired response starts to fade.
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02081 Toidentify subject patients for treatment according to the methoeds of the invention,
acceplted screening methods can be employed to determineg risk factors associated with
specific disorders or to defermine the status of an existing disorder identified in a subject.
Such methods can include, for example, determining whather an individual bas relatives who
have heen diagnosad with a particular disorder, Screening methods can also include, for
axample, conventional work-ups to determine Tamilial status for a particular disorder known
to have a heritable componant. For example, various cancers are aiso known to have
certain inherifable components, Inhartable components of cancers include, for example,
mutations in muitiple genes that are transforming (e.g., Ras, Raf, EGFR, cMet, and others),
the presance or absence of cerlain HLA and Killer inhibitory receptor (KIR) molecules, or
mechanisms by which cancar cells are able to modulate immune supprassion of cells fike
MK cells and T cells, sither directly or indirectly (seg, e.g., Ljunggren and Malmbary, Matire
Rev. fmmunof. 7T:328-339, 2007, Boyton and Altmann, Glin. Exp. Immunel. 148:1-8, 2007),
Toward this end, nuclectide probes can be routinely employed to identify individuals carrving
genatic markers associated with a particular disorder of inferest. In addition, a wide varisty
of immunological methods ars known in the art that are useful to identify markers for specific
disorder. For example, various ELISA immunoassay methods arg available and well-known
in the art that employ monoclonal antibody probes to delact antigens associated with specific
fumors. Scresning can be implemented as indicated by known patient sympiomology, age
factors, related risk factors, eic. These methods allow the clinician 1o routinely select
natignis in need of the methods described herain for treatment.  In accordance with these
methods, Largctlmn pathological, PSMA-expressing celis can be implemeanted as an
independent treatment program or as a follow-up, adjunct, or coordinate treatmeant regimean

o other tregtmenis.

fn209  For administration, the PSMA-binding protein is formulated as a pharmaceutical
composition. A pharmaceutical composition comprising a PSMA-hinding protein can be
formulated according to known methods (o prepare pharmaceutically useful compositions,
wharety the therapeutic molecule is combined in & midure withh @ pharmaceutically
accepiable carrier. A composition is said 1o be a "pharmaceutically acceptable cariar” i it
adminisiration can be iolerated by a recipient patient. Sterile phosphate-buffered saline is
one axarmple of a pharmaceutically acceptable carrier. Other suitable carriers are well-
knows: to those in the arl. (See, e.q., Gennaro (ed.), Reminglon’s Pharmaceutical Sciences
(Mack Publishing Company, 18th ed. 1895).) Formulations can further include one or more
exciplents, preservatives, solubilizars, buffering agents, albumin to prevent protein loss on

vial surfaces, slc,

o
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mziny A pharmsceutical composition comprising a PSMA-binding protein is administered
to a subject in a therapeutically effective amount. According fo the methods of the present
invaention, a PSMA-binding orotein can be administered to subjects by & variety of
administration modes, including, for example, by intramuscular, subcutansous, infravenous,
intra-atrial, intra-articular, parenteral, intranasal, intrapulmonary, transdermal, intrapleural,
ntrathecal, znd oral routes of administration. For prevention and treatmeant burposes, an
antagonist can bs administerad 1o a subject in 2 single bolus delivery, via continuous
delivery {e.g., continuous transdermal delivery) over an exdended time period, orin &

repeated administration protocol (2.g., on an hourly, daily, or weeskly basis).

02111 A “therapeutically affective amount” of a composition is that amount that produces
a statisticaliy significant effact in amelioration of one or more symiptoms of the disorder, such

as a statistically significant reduction in disease prograssion or a statistically significant
improvemsnt in organ function. The exact dosa will be determined by the clinician according
1o accepted standards, taking inte account the nature and severity of the condition to be

treated, patient traits, efc. Determination of dose i3 within the leva! of ordinary skill in the art.

2421 Determination of effective dosages in this context is typically based on animal
model studies followsd up by human clinical tials and is guided by determining stfective
dosages and administration protosols that significantly reduce the occurrence or severity of
the subjedt disorder in model subjects. Effective doses of the compositions of the present
invention vary depending upon many different factors, including means of administration,
target site, physiological state of the patient, whether the patient is human or an animal,
other madications administered, whather treatment is prochyiactic or therapeulic, as well as
the specific activity of the composition iisell and its ability to elicit the desired rasponse in the
individual. Usually, the patient is a human, but in some diseases, the patient can be a
nonhuman mammal. Typically, dosage regimens are adjusted o provide an optimum
therapeutic response, L2, 1o optimize safety and efficacy. Accordingly, a therapeuticaily
effective amount is also one in which any undasired collateral elfacts are outweighed by the
haneficial effects of adminisiaring & PSMA-binding protein as described herein. For
administration of the PSMA-binding protein, a desage typicaily ranges from aboui 0.1 ug to
100 mglig or 1 uglkg to aboul 50 mokg, and more usually 10 ug to 5 mg/kyg of the subject’s
body weighi, In more specific embodiments, an effective amount of the agent is betwesn
about 1 pafkg and about 20 mgfkg, between gbout 10 pg/kg and about 10 ma/ky, or
hetween about 0.1 mg/kg and aboul 5 mg/kg. Dosages within this range can be achigved by
single or multiple administrations, including, e.g., mulBiple administrations per day or daily,
weekly, bi-weekly, or monthly administrations. For examples, in certain variations, a regimen

consists of an initial administration followed by mulliple, subsequent administrations at

£
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weekly or bi-waekly intervals. Another regimen consisis of an initial administration followed
v multiple, subsequent administrations at moenthly or bi-monthly infervals. Alternativaly,
administrations can be on an irregular basis as indicated by moniloring clinical symptoms of
the disorder.
W13 Dosage of the pharmaceutical composition can be varied by the attending clinician
to maintain a desired concentration at a target site. For example, if an intravenous mods of
delivery is selected, local concentration of the agent in the bloadstream at the targe! tissue
can be pehwaen about 1-50 nanomolas of the composition per liter, somelimes between
about 1.0 nanomole per liter and 10, 15, or 25 nanomolas per liter depending on the
subiact’s status and projected measured response. Hligher or lower concentrations can be
selacted based on the mode of delivery, e g trans-epidermal delivery versus delivery to a
rucosal surface. Dosage should also be adjustied basad on the release rate of the
administered formulation, e.g., nasal spray versus powder; sustained release oral or injected
particles, fransdermal formulations, efe. To achieve the sarne serum concentration level, for
example, slow-release particles with a release rate of 5 nanemolar (under siandard
conditions) would ba administered al aboutl twice the dosage of particles with 5 release rale

of 10 nanomalar,

02141 Pharmaceutical compositions as described herein can afso be used in the context
of combination therapy. The term “combination therapy” is used herein o denote that a
subjuct is administerad at least one therapeutically effeciive dose of 2 PEMA-binding protein

and another therapsutic agent,

W8T Forexample, in the contaxt of cancer immunotherapy, a PSMA-Linding protein of
the present invention can bhe used in combination with chemotherapy or radiation. A PSMA-
hinding prolein as described herein can work in synergy with conventional types of

e

chemotherapy or radiation. The PSMA-binding protein can further reduce tumor burden and

atow more afficient killing by a shamoiherapeutic,

2181 Compositions of the present invention can aisc be used in combination with
nmunomodulatory compounds inciuding various cytokines and so-stimitiglonginhibiion
madecules. These can nclude, but ars not mited fo, the use of eylokines that stimulsle anti-
cance? mmune responsss (eog, -2 1212, or 311 in addition, PEMA-DInding oroteing
can be combined with reagents thet co-stimulate various cell surfacs molaculss found on
rrrrne-basad effecior cells, such a8 e sotivetion of COSY (see Wilcox af gl & Ciin,
fnvest. 109:651-8, 2002) or inhibition of CTLA4 (see Chambers et al., Ann. Rev. Immunol.
19:565-04, 2001). Alternatively, PEMA-binding proteins could be used with reagents that

induce tumor cell spoptosis by interacting with TNEF superfamily receptors (e.g., TRAIL-
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related raceptors, DR4, DRS, Fas, or CR3Y). {See, g Takeds af ol J Exp. Madd

Tei i8-8, 200, Srivastava, Neoplasis 3835-48, 2001} Such reagents include ligands of
THNF supaerfamily recestors, including ligand-lg fusions, and andibodiss spacific for THNF
superianily receptors {o.g. TRAIL ligand, TRAIL ligand-lg fusions, anti-TRAIL antibodies,

arwd the ke

2T With particular regard to treatment of solid tumors, protocols for assessing
andpoints and anti-umor activity are weli-known in the art, While sach prefocol may define
wimor response assessments differantly, the RECIST {(Resoonse evaluation Criteria in solid
tumors) criteria is currently considered 1o be the recommended guidelings for assessment of
tumor respense by the Mational Cancer instilule {see Therasse of al., J Natl Cancer Inst.
92:205-2168, 2000}, According to the RECIST oriteria umor response means a2 reduction or
elimination of all measurable lesions or metasiases. Disease is generally considered
measurable if i comprises lesions that can he accurately maasurad in at least one
dimension as > 20mm with conventional techniques or = 10mm with spiral CT scan with
clearly defined margins by medical photograph or X-ray, computerized axial tomography
(CT), magnetic resonance imaging (MRI), or clinfcat sxamination {f lesions are superfigial).
Mon-measurable disease means the disease comprises of lesions < 20mm with conventional
tachniques or < Hmm with spiral CT scan, and truly non-measurable lesions {foo small to
acourately measure). Mon-measureable disease includes pleural effusions, asciles, and

disesse documentad by indirect evidence,

{02481 The criteria for objedctive stalus are required for protocols to assess solid tumor
rasponse. Representative criteria include the following: (1) Complets Responsa (CR),
defined as complete disappearance of all measurable disease; no new lasions; no disease
refated symptoms; no evidence of non-measurable dissase; (2) Partial Responsas (FR)
defined as 30% decrease in the sum of the longest diamster of {arget lesions (3) Progressive
Diseass (PD), defined as 20% increases in the sum of the longest diameter of target lesions
or appearance of any new lesion; (4) Stable or No Response, defined as not gualifving for

R, PR, or Progressive Disease. (See Therasse ef al., supra.)

24el  Addiional endpoints that are acc:epted within the oncology art include ovarsl]
survival (O8), disessa-free survival (DFR), ohiaclive responss rate {ORR), time (o
prograssion (TTP), and prograssion-ree survival (PFS) {see Guidance for Industry: Clinical
Trial Endpoints forthe Approval of Cancer Drugs and Biologies, April 2008, Center for Drug

Evaduation and Research, FDA, Rockville, MDD )

102207 Pharmaceutical compositions can be supplied as a kit comprising a container that

cornprisas the sharmaceutical cormpoesition as described hergin. A pharmaceutical
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composition can be provided, for example, in the form of an injectable solution for single or
muliiple doses, or as a sterile powder that will be reconstituted befora injection.
Alternativaly, such a kit can include a dry-powder disperser, liguid asroscl generatoy, or
nebulizer for administration of a pharmaceutical composition. Such a kit can further

comprise written information on indications and usage of the pharmaceutical composition.

EXAMPLES
EXANMPLE 1. Isolation of murine variable domains from 107-1A4 and greparation of

humanized variants

02211 Murine variable domains ware cloned from hybridoma cells expressing the 107-1A4
monoctonal antibody specific for human PSMA (see Brown et ai, 1988, Prostate Cancer and
Frostatic Diseases. 1) 208-218). Total RNA was isolaied from the hybridoma using
RiNeasy® Protect Mini kit (QIAGEN Inc., 74124) according to the manufacturer's instructions.
SMART™ RACE cDNA amplification kit (Clontech Laboratories, inc., 834814} was used to
qenem‘ie ERACE-ready cDNA with oligo(dT) primer according to the manufacturer’s
wstructions. Ve and V. regions of antibody were PCR-ampiified from ciOMA by SMART™
RACE protocol using pocls of propristary degeneraie gene specific primers for different
murine VK or VH gene families. PCR amplification products were confirmed by gel
electrophoresis, and correct sized bands were isolated and cloned into pCRE21-TOPO®
plaamid vector using the 1 FOPO® TA Cloning kit according to manufacturer's instructions
{(Invitrogan Corporation). The resuliing recombinant vector was transformed into TOP1( £,
colf. Sequencing DNA from clones revealed multiple isolates of a heavy chain region with a
rurine VHT framework with high homology (82.7%) to the murine germline framework
L7134 (Genbard), and a kappa chain region with a murne VK18 framswork with very high
hormology (98.68%) to the murine germiine framework AJZ35236 (EMBL). Two restriction
sites - one Hindll and one EcoRl site — were ramoved by neuiral mulations from the DNA
coding for the parent murine kappa (light) variable dormain to simplify cloning into destination
marnmalian exprassion vectors, and the native muring secretion/leader sequeances were also
not used in favor of the human VK3 leader sequence. The polynuclestide sequence of
PSMA-specific muring VH region (107-1A4) is givert in SEQ 1D NOC:1, and the amino acid
sequencs is given in SEQ 1D NO:2. The polynucleotide sequence of PSMA-specific murine
VL region (107-1A4) with the restriction sites is given in SEQL 1D NO:3. The polynucleotide
saequence of PSMA-specific murine VL region (107-1A4) modified to remove the restriction

sites is given in SEGQ 1D NO4, and the amino acid sequence iz given in SEQ 1D NOS,

o]
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02221 DNA sequencss coding for these murine scFv sequences and cassetied for
insariion into aporopriate scaffolds (e g, SMIP, SCORPION, and mono-specific or
multispeciiic hetercdimer polypeptides) wers designed. The consirucis were then
syninesizad by Blus Heron (Bothell, WA) and standard, restriction-digest-based cloning
techniques ware used {0 produce the gene sequences corresponding to T5C084 (SEQ D
NC 44 amino ackd sequence SEQ 1D NO4G), TSCOBS (BEQ 1D NOG:36,; amine acid
sequance SEQ 1D NG:38), and TSC092 (SEQ 1D NO:37; amino acid sequence SEQHD
MNCH38).

M2231  Humanized sequences designed through COR grafting o human frameworks were
similarly synithesized by Blua Heron and cloned into similar vectors using restriclion digests
to produce the the following gene seguences using two approaches; (A) three piece Ii{“a‘%mn
using a HMindlil/Bamt fragiment, a BamHi/xXhol fragment, and a destination vector cut with
Hindliizxho! to produce the gene sequences corresponding (o TSC188 (SEQ 1D NGAD,
amino acid seguence SEQ 1D NG42) and TECA89 (GEQ 1D NO:41, amine acid sequence

= 1D NO43); and (8B) two piece ligation using a HindlilZxXhol fragment and a destination
vacior cut with Hindifi/xho! to oroduce the gene sequences corresponding io TSC182 (SEQ
i NG:E3; amino acid sequence SECQHD NGIEE), TSC183 (SEG 1D MOS4; amino acid

seguence SEQ 1D NOHES), TSC184 (SEQH D NOME; aming acid sequence SEQ 1D NO:49),

THCA95 (BEQ D NGBS, amino acid sequence SEQ 1D NO:B0), TSC106 (BEQ D NOSE;
arnino acid sequence SEG 1D NOG1T), TSCI89 (SEQ 1D RO:SC, amine acid seguence SEG
D MO, TBC210 (SEG 1D NO:8Y; amino acid sequence SECHID NOT0), TBC211 (BEQ
D NO7T amino acid sequence SEQ D MNOT2), T8C212 (SEQID NO:73; amino acid
saquence SEG D NC:74), TSC213 (BEQ D NOT5, amino acid sequence SEQ 1D NOGITE),
TSC248 (SEQ D NG:YT, amine acid seqguence SEQ 1D NQT78), TSCR250 (SEQ 1D NO79;
amino acid sequence SEQ D MO: 8”} TEC251 (SEQ 1D NCGi&T: amino acid sequence SEQ
D MO, and TECZE2 (SEQ 1D MO:83,; amino acid sequence BEQ 1D NO:84); and (C) two
piece ligation using a BsrGlEcoR! fragment and one of two destination vectors ot with
BsrGl/FEooR 1o oroduce the gene sequences corfesponding o TSC2E5 (SEQ 1D NO15Y;
aminoe acid sequence SEQ 1D NG 188), TSC296 (SEQHD MGI59; amino acid sequence
SEQ D NOB0), TSCA0 (SEQ D NO81; amine acid sequence SEQ (D NO:182), and

SC302 (SEQ D NOE3; amine acid sequance SEQ D NO164). The humanized PSMA-
spacific {107-1A4) VL region polynucleotide sequence is given in SEQ D NOQZ2, and the
amine acid seqguence is given in SEQ 1D NOZ3, A humanized PSMA-specific (107-1A4) VH
region 41 polynucleatide sequence is given in SEQ 1D MO:Z24, and the amino acid sequeance
s given in SEQ D NO:25. A humanized PSMA-specific (107-1A4) VH region #2
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polynucleotide sequence is given in 8EQ 1D NO28, and the amino acid sequence is givan in
SEG HNO:27,

[0224]

Sequences Tor the various cloned sequencas and components are also presented

in Tabla 3. Amino scid sequences given for polypeptide constructs (e.g,, SMIF,

SCORPION, mono-~ or mulli-specific heterodimeric proteins) do net include the human Vi3

lemder seguence,
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EXAMPLE 20 Heterodimeric Molecules

(32281 PSMA-specific Interceptor molecutes were made using Interceptor scaffolding as
generally disclosed in International Appl. Nos. PCT/US2010/82436 and PCT/US2010/62404.
Briefly, PSMA-specific nolypeptide heterodimers were made by co-expressing two different
polypeplides chains, one polypeptide chain comprising an immunoglobulin CH1
helerodimerization domain and the other pulypeptide chain comprising an immunoglobulin
CL heterodimerization domain. The day before transfection HEKZ93 cells were suspended
at a cell concentration of 0.5 x 10° cells/ml in GIBCO® FreaBtyle™ 203 expression medium
{lrwitrogen). 250mis of cells were used for a large transfaction, and 80mis of calls were
used for a small transfection. On transfection day, 320ul of 203fectin™ transfectin reagent
{invitrogen) was mixed with 8 mis of media. At the same fime, 250 ug of DNA of each of the
single chain polypaptide was mixed with the 8 mis of media and incubaiad for 5 minutes.
After 18 minutes of incubation, the DMA-283Tectin mixture was addad to the 250 mis of 283
calls and returnad {o the shaker at 37°C and shaken at a speed of 120 RPM. For the
amailer ransfection using 60 mis of cells, a fourth of the DNA, 283factin, and media were

usad.

M2l Protein A afinity chromatography was usad o purify the proteins. 2mi of packed

protein A agaross (Repligen) was added {o a Econo-Column® chromatography column, size
2.5 x 10cm {Bio-Rad Laboratories), washed extensively with PBS (10X column volume), and
the supematants wers [oaded, washed with PBS again, and eluted with 2 column volumes of

o+

ce 190 elution buffer. Prateins were then dialyzed extensively against PBS. Proteins
ware than concentrated using Amicon® Cantricon® cendrifugal filter devices (Millipore Corp.)

io a final volume around 0.5mi

2271 Purified proteins were analyzed on a 10% SDS-PAGE gel using XCell Suralock™
Mini-Cell electrophorasis sysiem {invitrogen).

62281  Bivalent polypeptide hetercdimer TSC122 was made by co-expressing single chain
polypeptides TSC084 and TSCOH83. Single chain polypeptide TSC084 comprises from its
amino- o carboxyi-terminus, murine 107-1A4 (anti-PEMA) VL-VH scly, human gG1 SCC-F
hings, human IgG1 CHZ, huran igB1 CH3, and human CH1. The nuclectide and amino
acid sequences for TSC084 are set forth In SEQ 1D NOs:44 and 48, respectively. Singla
chain polypeptide TSCO093 comprises from ils amino- to carboxyl-terminus: Cris? (anti-CD3)
sefv, human igG1 SCC-P hinge, human IgGTOHZ, human IgG1 CH3, and hurman
Cr(¥YAE) 2., human Ok without the first Arg or last Cys, but with N30V, VH5A, and T70k
substitutions). The nuclectide and amino acid sequences for TSCO83 are set forth In SEQ

3 ROs 45 and 47, respectively.

o0
oF
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[0229]  Bivalent polypepiide heterodimer TSC200 was made by co-expressing polypeptids
chains T8C102 and TS0125. TSC192 comprises from its amino- to carboxyl-tarminus;
humanized 107-1A4 (anti-PSMA) VL-VHEZ sclkv, human IgG1 SCC-F hings, human IgGH
CH2, humnan lgG1 CH3, and human Cx(YAE). The nucleotide and amine acid seguences
for TSCH82 are set forth in SEQ D NOs:83 and 58, respectively, TSC125 comprisas from
its amine- 1o carboxyi-terminus: Cris? (anti-ChD3) soffy, human g3t SCC-F hinge, human
igG1 CH2, human lgG1 CH3, and human CH1. The nuclectide and amine acid sequsnces

for TSC125 are set forth In SEQ 1D NOs:152 and 57, respectively.

0230t Bivaleni polypapiide heterodimer TSCZ0Z was made by co-expressing polypeptide
chains TECTE3 and TSCA25. TSC193 comprises from iis amino- 1o carboxyi-tarminys:
humartized 107-1A4 {anti-PBMAY VL-VHET scPv, human IgG1 SCC-P hinge, human 1gG1
CH2Z, human lget CHE, and human Cr{YAE}) The nuclectide and amino acid seguances
for TSC193 are setforth in SEQ HD NOs: 54 and 59, respectively, TSC128 comprises from
its arnino- to carboxyi-terminus: Cris7 (anti-CD3) scky, human igG1 SCC-P hinge, human
lgG1 CHZ, numan igG1 CH3, and human CH1. The nucleotide and amino acid ssquances
for TBC125 are set forth in BEQ 1D NOs:52 and 57, respectively.

52391 - Bivalent polypeplide hetercdimer TSC204 was made by co-exprassing polypeptide
chains TSCT95 and TSCO93. TSC185 comprises from ils amino- (o carboxyl-terminus:
humanized 107-1A4 (anti-PSMA) VL-VHA2 schv, hurmen 1gG1 S3CC-P hinge, human igG1
CHZ, human 1gG1 CH3, and human CH1. The nuclesiide and amine acid sequences Tor
THC195 are setf forth in BEQ 1D NCs:55 and 80, respectively. TBC083 comprises from its
amino- to carboxyi-erminus: Gris? (anti-CO3)Y scFv, human g1 SCC-P hinge, human G
CH2, human lgG1 CH3, and human Cx(YAE). The nucleotide and amino acid sequances

for TSCO93 are set forth in SEQ 1D NOs: 45 and 47, respactively.

02331 DBivalent polypeptide heterodimar TSCZ208 was made by co-expressing polypestide
chains TSC186 and TSC083. TSCT190 comprises from its amino- to carboxyl-terminus:
numanized 107-1A4 {ant-PSMAY VL-VHET scfFv, human 1gG1 SCC-P hinge, human oG
CHZ, human igla1 CHE, and human GH1L The nucleotide and amine acid sequences Tor
THGE186 are set forth in SEQ 1D NOs:56 and 67, respectively. TSC083 comprises from its
arnino- to carboxybterminus: Cris? (anti-CD3) sclv, human g1 SCC-P hinge, human igG1
CriZ, human ig1 CH3, and human Cr(YAE). The nucleolide and amino acid sequences

for TSC083 are set forth in SEQ D NOs: 45 and 47, respactively,
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EXAMPLE 3: SCORPICN Molecule Construction

02321 PaMA-speciiic SCORPION molecules (TSC184 (SEQ 1D NO4AR {nucleio acid),
SEQ D NO4D (amine acid), TSO188 (BEQ D NOGED (nucleic acid), SEQ D NOEBT {amino
aoiddy TS M2 (800D NOTS (nudsic acid), SEQ D NOT4 (amine soldy), THO213 (BEG
D NOT75 (nucteic scid), SEQ 1D NO76 (amino acid));, TSOZ248 (GEG D NOTY (hucleic
acid), SEQ D NO78 (amino acid)); TSC250 (SEQ 1D NO:79 (nucleic acid), SEQ H NO:80
(ammo acid)); TSC251 (SEQ D NO81 (nucleic acid), SEQ 1D NO:B2 (amino acid)); and
"GC252 (BEQ D NO83 (nucleic acid), SEQ 1D NG:84 (amino acid))) were made using
standard molecular hiclogy technigues, starting with existing SCORPION scaffolding as
empiates and using the matheds generally disclosed in, g, PUT Application Publication
Mo, WO 20077148888, US. Patent Application Publication No, 2008/0051844, POT
Application Publication No. WO 2010/040105, PCT Application Publication No, WO
2070/003108, and U.S. Patent No. 7,168,707 (see also Table 3). Insertion of the N-terminal
soFv binding domain was accomplished through digestion of the parental template and sciv
insert with either the restriction enzymes Hindill and Xhol or Agel and Xhol, desired
fragments were identified and isolated by agarose gel purification, and ligalion. insertion of
the C-tarminal scFy binding domain was accomplished through digestion of the parental
temnplate and schy insert with the restriction enzymes EcoRI and Noll, desired fragments

were (dentified and isolated by agarose gel purification, and figation.

EXAMPLE 4 Binding of chimeric and humanized molecules to PSMA{TY and PSVAL cell

lines

o234 Monoclonal antibodies were purified from hybridoma cell culture media by standard
procedures. SMIP, interceptor, and SCORPION molecules disclosed herein ware produced
by transient transfection of human HEKZE3 cells, and purifiad from cell culiure supernatants
by Protein A affinity chromatography. If aggregates were detected after affinity
chromatography, secondary size exclusion chromatography was also parformad to ensure

homogeneity of the prolein

[(2357  Binding studies on PSMA+ (C4-2, Wu ef al., 1994 Int. J. Cancer 57:406-12) and
PSMA- (DU-145, Stones et al., 1978, Intl. J. Cancer 21:274-81) prostate cancer call lines
were performed by standard FACS-based staining procedures. A typical experiment would
label 306,000 cells per well with a range of 200 oM to 0.1 nM binding molecute in 100 w of
FACS buffer (PBES + 2% normal goat serum + 2% fetal bovine serum + 0.1% sodium azide)
on ice, followed by washes and incubation with fluorescently-labeled secondary antibody,

goat anti-human lgG {(1:400 ditution of Invitrogen #11013 = § ug/ml). After washing

[t
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secondary antibody off cells, cells were incubated with 7-Amincactinemyein D (7-AAD)
staining solution (BD Pharmingen ™ cati 558925)(6 ul of 7AAD o 100 ul of FACS Buffer) for
20 minutes. Signal from bound molecules was delecied using & FACSCalibur™ fow
cytomater (BD Biosciences) and analyzed by Flowdo flow cytometry analysis software. 7-
AAD+ celis were excluded from anslysis. MNonlinear regression analysis 1o determine ECE0s

was performed in GraphPad Prism® graphing and statistics software.

{02261 Binding studies {(Figure 1) were used to compare the parent 107-1A4 murine
antibody (ia., TSC045) with the chimeric SMIP molecules (TSCO85, TSC092) and the
bispecific, chimeric Interceptor molecule TS122. Both chimeric SMIP molecules showed
comparable affinity to PSMAT cells as the parent muring antibody, although one (TSC085,
with & VL-VH soFv orientation) showed a lower level of saturation on the surface of the cell.
The bispecific, chimeris Interceptor molecule (TSC122), which had only a single 107-1A4
hinding domain, showed & lowsr binding affinity {o the PSMA+ cells. All showed little fo no
binding fo the PSMA- cell line BU-145. Binding studies of humanized SMIP molecules
TSC188 and TSL188 (Figurse 248) showed comparabie affinities to those previously
determined {(data not shown) Tor the parsnt monoclonal antibody, with similarly high levels of
saturation and setectivity for PSMA+ C4-2 calls over PSMA- BU-145 ceils. Binding studies
of humanized SCORPION molecuies TSC184 and THC 199 showed comparabie affinitizs to
the parental humanized SMIP molecules TSC188 and TSC188 (Figurs 2B}, with no binding
o the PSMA- DU-145 call lina.

EAAMPLE 5: Differential cellular internalization seen between 107-1A4 antibody, SMIP and

Intercapior scaffolds

02371 The binding proteins for internalization studies were directly {abeled with
CypHer™SE Mono NHS Ester (GE Healthcars, #PAT5401) according to manufacturer's
instructions. CyplerSE is a pH-sensitive red excited dye that fluoresces at low gH, which is
wypically encountered inside of endosormes and lysosomes; CypHerSE flucrescence can be
usad as a proxy for cellular internalization a5 a resull. Dye dissolved in fresh DMS0 was
added o purified protein in PRS/sodium carbonate buffer, pH 8.3 (9:1), at a dyeprotein
molar ratio of 2001, After at lzast 1 houwr incubation in the dark & room temperature, labeled
orotein was separated from unreacted dye by dialysis at 4°C. Absorbance at 280 nim and
500 nm was usad 1o calcuiate profain and dye concentration for the labeled matsrial. The
resulting dye:protein ratio ranged from 6 to 14, and this value was used to normalize the
imaging data. To ensure that the presence of protein aggregates did not bias the

internalization data, whan individua! molecules had delectable levels of agaregates (=5%),

g1
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secondary size exclusion chromategraphy was used (o purify melecules to very high levels

of fomogeneity (>85%).

i0238]  Cells wers plated 2 days before experiment at 4000 cells per well in poly-D-lysing-
coated S6-well plates, black with clear bottoms (BD Bioceat, 3585640) in usual culture madia.
Media changes during exger%maﬁt were conducted carefully to maintain cell adhesion 1o
surface. Muclei were stained with Hoechst 33342 (Invitrogen, H3570) in serurn-frae phanol
red-free BRPMI media (nvitrogen, 11835%) olus 20mM HEPES (Invitrogen, 15830) (called
PRE-RPMD for 2n hour, Wells were washed with PREF-EPM plus 10% FES, and 100 ui
warm FRFRPMI + 10% FBS was added. Plates were moved {0 ice for & minutes then
labelad binding proteins at varous dilitions were added from 5x stock solutions for one hour
binding on ice. Plates were moved to a 37°C CO, incubator for 80 minutes to aliow

internalization 1o proceed. Before imaging, media was replaced with PRF-RPVE+ 1 % FBG.

fresul  Wells were scannad on N Calt Analyzer 1000 automated cellular and suboeliular
imaging system {GE Heaithcare) to quantifate internalized profein, data was collected from 8
fields in each well. The acquisition protocol was set {o collect data with suilable filler seis for
Hoechst and CypHerBE ) and bright field images. Dala was analyzed by IN Cell Investigator
software, using & protocol developed o detect luorescent granuies within a zone of
cytoplasm encircling each nucleus and measuring their area. Tolal granule grea daiecied

was normalized to compensale for the ralative level of dye substitution per labelsed protein

52401 Internalization experiments using the parental 107-1A4 murine antibody, or the
chimeris SWVIP and interceptor molecules, showed no internalization in the PEMA- DU-145
cell iine (data not shown), but some intemalization could be detected on the PSMA+ LNCaP
{CRL-1740™ American Type Culture Collection) or C4-2 cell lines (Figure 3). Infernalization
of the parental antibody was greater than the SMIF or Interceptor molecules al ail
soncentrations tested. Apparent internalization frem the {meonovalent) Interceptor molecule
was higher than from the (bivalent) SIFP molecule, which coukl be due to the higher

potertial binding stoichiometry ~ each interceptor moleculs can only engage one molscule of

PEMA, whereas each SMIF moleculs can engage two moleculss of PEMA, potentially
leading to twice as much Interceptor molecule accumulating on the cell surface. If both the
Interceptor and SMIP molecules have similar levels of internalization, a higher apparant

stonal would always be seen from the Intercepior malecuia,

EXAMPLE 6; Redirested T-cell ovtotoxicity against PSMA{+) cell lines

02411  Peripheral blood mononuclesr calls (PBMC) were isolated from human blood from

wo different donors {labeled as AG or VV) using standard ficoll gradients. The isolated calls

o2



W 2012/145714 POTIUBZOI2/634575

were washed in saline buffer. T cells ware addiionally isolated using a Pan T-call Izolation
Kit {1 from Miltenyi Biotes (Bergisch Gladbach, Germany) using the manufacturer's protocol.
T ceils ware used with or without stimulation, as noted in the figures (see Figures 4-8), and

added at a 101 ratio (T call' target cell) uniess indicated otherwise.

(02421 C4-2 castration-resistant prostate cancer (CRPC) cells were labaled with
CellTracker™ Graen cytoplasmic dye (Invitrogen, C7025) following manufacturer's protocol
in order to distinguish them from T cells. Labeled C4-2 cells were seeded into poly-D-lysine-
coated 98-well plates, as usad in Example 3, at 8000 cealls per well in standard growth
madia, one day before addition of T cells and Interceptor molecule. Ten ul of concentraied
pispacific Interceptor molecule (TBC122, TSC200, T8C202, or THCZ04) was added to 100
ul of media per wall, plus B0 ul of T calls (80,000 celis) in standard growth media. Cell
culturas were kapt in T incubator at 37°C overnight. After 24 by exposure {o interceptor
molecule, cells were stained with 7-AAD and Hoeschst dyes to enable quantitation of dead
celis. Media was changed to 100 ul RPM + 1% FBS + 10 ug/ml 7-AAD + Hoechst at 111000

gijution of stock, and incubated for an additiona! 30 minuies,

(62431  Imaging and quantitation was performed by use of an InCeli Analyzer microscops
(GE), collecting data from 10 fields per well. The acquisition protocel was set to collect data
with suitable filier sels for: a) nuelel detection via Heechst stain, b) cell type discrimination
vig CallTracker™ Green detaction, ©) live/dead cell status determination via 7-AAD staining,
and bright fisld images. GQuantitation was performed by InCell Workstation software, using a
decision tree apglication. Individual cells were deteciad by presence of nuclear stain by
Moechsi. Threshold values of signal in the green channel (CellTracker™ Green) were used
to split calls into G4-2 (positive) and T cell (negative) populations. Threshoid values of signal
in red channel (7-AAD)Y wers used to splif cells into dead (positive) and live (nagalive)
populations.

244]  Bispecific iInterceptor molecules featuring either the 107-1A4 murine scFv or
hurnanized 107-1A4 scPv as wall as an anti-CD3 scFv (Cris7) wers testad for the ability to
cross-link T-cells to target PSMA+ tumoer cells and enable target-denandant oyiotoxic T cell
responses (so-called Tedirscted T cell oytotoxicity’, or RTCC). Potent target-dependent
cytotoxic activity over 24 hours was observed with the chimeric TSC122 Intercepior
molecule (Figure 4) with T-cells from two differant donors; roughly 80% of targat cells wers
lvsed by treatment with as little as 100 pM of TSC122 Interceptor molecule. No dirsct
cytotexicity on PSMA+ cells was observed in the absence of effector T-cells (Figure 4); no
cytotoxicity was similarly observed on PSMA- cells in the presence of effector T-cells (data
not shawn). The cylotoxic activity of humanized Intercaptor molecules (TSG200, TSCZ202,

and TSC204) was also ested alongside the parent chimeric Interceplior fnolecule (TSC122)
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{(Figure B). Two of the humanized Interceptor molecules (TSC200, TSC204) showed lower
RTCC activily than the parent; one humanized Intercentor molscule (TSC207) showead equal
RTCC activity to the parent chimeric Inferceptor molecule (TSC122) with similar, low oM
potency. These rasults demonstrated that certain humanized [nlerceptor moitecules had

sirilar T cell cylotoxicity as the parental chimeric inferceptor molacule,

[2487  The cyiotoxic activity of numanized SCORPIOM molecules (TSC184, TEC189,
TSC212, TSC213), comparad to that of the chimeric inferceptor molecule T8C122, was also
examined {(Figure 8). The humanized SCORPION molecules with anti-PEMA scFvs in the
V0-VH orentation (T3

chimearic interceptor molecula {also with an sofv in the VL-VH orientation, and also including

50184, TSC199) had comparadle cyiotoxic activity 1o the bispecific

an anti-Co3 soFy (Gris?)). The humanized SCORPICN moleculas with anti-PEMA sclvs in

the VH-VL orientation, on the other hand, had lower overall cytoloxisity.

EAAME

cell iines directad m vispeciiic 107-1A4-derived moelecules

ent T-cedl activation and profiferation induced against PLMAT

02487 To compare the effectiveneass of different bispecitic polypeptide molecules at
inclucing target-dependent T-cell activation and proliferation, four different anti-FSMA and
anti-C 03 bispecific molecules including TSCA22 (& chimeric Intercentyr molecule), TEC202
{humanized interceptor molecule), TSCA594 {a humanized SCORPION moleculs), and

TSCA98 (2 humanized SCORPION malecule) were comparad.

D247 Cd-2 prostate cancer celis (PSMAS) weare obtained from MD Anderson Cancer
Center (Houston, Tﬁi) and cultured according to the provided protooot. Paripheral blood
menonuclear calls (PRMC) wers isolated from human plooa using standard ficoll gradisnts.
he isolated cells ware washed in saling buffer. T cells wers further isolated using a Pan T-
sl E&:f}ﬁ;atior, it from Milteny! Bioteo (Bergisch Gladbach, Qermary) using the

manufasiurers protocol,

2481 Proliferalion was assesssd by nbeling soialad T cell populsiions with
carbmoyilucresceln diaceiate succinimidyt ester (CFIEY ‘SE-mhaeled T ool were plated

in U-hottom 28-wall piates &t 100,000 oslisfwell, respectivaly, with 30,000 O4-)
calla/well, to achieve T ool to tumor cell ratios of roughly 31, Concentrations of tast

molecules ranging from 10 nbd 1o 01 oM were added 10 the el miktures in g (olal of 200

e

ulfwell in BPMI 1840 media supplementad with 10% huran o bovine sarum, sodium
pyruvate and non-essential amine acids. Plates were incubated a1 37°C, 5% CO0s in
huridified inoubators. After 3 days, cells were lsbeled with antibodies Tor fow oylometric

analysis. Celis ware labelad and washed in helr oviging! plates o minimize ool Insses

24
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during transfers, and all labeling was done in saline buffer with 0.2% bovine serum albumin.
First, cells ware pre-incubated with 100 ug/mi human 1gG at room temperature for 15 min.
Subseguantly, celis were incubated with a mixture {fotal volume 50 1) of the following dye-
lapeled anfibodies: CD5-PE, CD4-APC, CD8-Pacific Blue, CD25-PE-Cy7, as well as 7-
Armino Actinomycin D (TAAD heraafter) for 40 min. Cells were washed twice, resuspended
in 80 0 120 ul volumes, and measurad immeadiately in a BD LSRRI flow cytometer o acquire
80% of the contenis of each well. The sample files were analyzed using FlowJo software o
calculzie the percentages and numbers of cells that had undargone at least one cell division,
according o their CFSE pruﬂiei by gating secg.aer;tia%iy on activated, live CD4+ or S8+ T
celts (TAAD-, CD5+ Ch254 A+ o TAAMD- COS+ C25+ ChB+ respactively). Maan
values and standard deviations were calculated using Microsoft Excel suftware, Graphs

ware ploliad using Microsoft Excel or GraphPad Prism.

gj%:’}gﬁéi%}. Analysis of live CD4+ and CD3+ populations from weils with C4-2 cells frealed with
Els (Figurs 7A and Figure 78) revealed 3 significant increase in both the total number of
cells and percant proliferating cells in the presence of C4-2 cells displaying the target PSMA
antigen. Proliferation was slightly higher for CD4+ T-cells than CDE8+ T-cells, and the
profiferation induced by the Intereeptor molacuies T8C122 and TSC202 saturated at a
higher level than the responses induced by the SCORPION molecules T5C 194 and
TEC169. Al moleculss showed induction of T-cell proliferation at low concentrations (100
o). Mo significant differences in relative induction of CD4+ versus CD8+ call proliferalion

were apparant between moleculas.

EXAMPLE 8. Compefitive binding studies of anti-PSMA melecules confirms 107-1A4 binds

unisive egitope on PSMA

2561 To show that ant-PSMA murine monoclonal antibody 107-1A4, chimeric 107-1A4
SRIP molecule (TSO085) and humanized 107-1A4 SMIP molecule (THC18Y) binds a
unique epitope on PSMA, which is nol recognized by common literature antivodies (1415,
JEGDY, and that the conversion of muring monoclona! antibedy T07-1484 1o SMIF format dig
not resull in a shift in that binding spitope, compeiition binding experiments weare parried out.
Hybridomas producing the JBBT) HuSE1 (8 humanized version of JBB1Y and J15 antibodies
ware obizined from ATCC, Monoclonal antibadies were purified from hybrdoma cell cullure
misciia by stendard procedures. SIMIF molscules ware produced by iransient ransfection of
human 203 cells and purified rom oefl culture supermnatants by Protsin A affinity
chromatography. If aggregates were detected after affinity chromatography, secondary size

exclusion chromatography was alse performed to ensure homoganeity of the protain

us
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02511 Competitive binding studies on the PSMA+ C4-2 prostate cancer cell line were
performed by standard FACS-based staining procedures. To simplify binding
measurements, molecules with human Fo domains were used to compate against moleculss
with muring Fo domains, and either an anti-human or anti-mouse antibody was used to

detect binding to the target cell iine.

02521 in atypical experiment, molecule X (binder) would be mixed with molecule Y
{competitor), placed on ce, and then used to label 300,000 cells perwell with 4 niv of
molecuie X and a range of 250 nM 1o 0.4 nM rmolecuie Y in 100 ul of FACS buffer (PBS +
2% normal goat serum + 2% fatal bovine serum + 0.1% sodium azide) on ice, followad by
ashes and incubation with flucrescently-labsled secondary antibody specific for molecule
}{! gither goat antb-human igG (1:400 dilution of imitmgen 11013 = 5 ug/mi) or goat anti-
mouse g (TAG0 dilution of lnvitrogen 11017), Alter washing secondary antibody off cells,

slis wers npubated with PAADE W of BD %—"harmiﬁg:;@n TAAD, cal# 559825 o 100 ut of

{’3

s

t

ACE Buffer) for 20 minutas, Signal from bound molecules was detected using a

FACSCalibur flow cytometer and analyzed by FlowJo. 7840+ cells were excludad from

analysis. Nonlinear regression analysis to determine EC50s was performead in GrapniFad

Priwm,

mEs3]  Competitive binding studies (Figure 84) were used to sea if the humanized J591
antibody, Hu591, could compete with the binding of 107-1A4, J587 or J415 murine
antibadies 0 calls. No cmmp@iition was observed for the binding of 107-1A4, suggesting it
hinds a non-competitive epitope; competition was observed for the binding of both J8871 and
J415 antihodies, howaver. Next, additional binding studies were carried out o see if the
three murine anfibodies could compete with the binding of the chimeric 107-1A4 SMIP
molecule TSCOBE to calls (Figure 88), Strong competition was seen from binding of the
parental 107-1A4 antibody, confirming that the SMIP molecule bound to the same epifops.
Mo effective competition was ssen from the J881T or J415 murine antibodies, Last, binding
studies were carriad out to see if the three murine antibodies could compete with the binding
of the humanized 107-184 SMIP molecude TSC189 to cells (Figure BC). Again, similarly
strong competition was seen from binding of the parental 107-1A4 antibody, but no effective
competition was seen from the J591 or J415 muring antivodies. This confirms that 107-1A4
birds a uniqua eplfope on PSMA. It also shows that any shift in behavior of 107-1Ad-based
SMIFP and Interceptor molecules from that of the parental 107-1A4 antibody is not dug fo a

shift in binding epitopes.

SR
o o
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EAAMPLE 9. Inhibition of tumor sirowth in vive using an anti-PSMA bisgecific molecule

2541 To confirm the effectiveness of an anti-PSMA bispecific moieculs of the present
cigclosure (e.g., anti-PSMA and anti-CD3 bispecific molecules) at inhibiting tumor growth in

vivo, the ant-PEMA bispecific moleculs is evaluated as foliows.

B258]  Prophylactic treatment, or prevention of tumor engrattment of suboutaneous
trnors: Culitred, PSMA-exprassing tumor cell ines (such as LNCaP, LNCaP C4-2,
LNCaP C4-28, VCal, CWRZ2Rv1, LAPCY, MDA-PCa-2, LuCaP 231, LuCal 58, LuCaP
70, LuCaP 77) are mixed with human lymphocytes (either human peripheral blood
mononuciear cells or purified T-calls) and injecied subcutaneously into immunodeticient
mice {such as 3CID, NOD/SCID, aic). An anli-PSMA bispecific molecule is injeclad
intravenausly on the day of injection and on several subsequent days. Dose-dependant
irihibition of tumor outgrowth, as assessed by Wwmor voiume, indicates that the respactive

molecule has efiicacy against PSMA-expressing tumors 17 vivo.

G2581  Therapsuiic treatment, or regression of previously esisblished subculaneous
tummors: Culiured, PSMA-expressing tumor cell lines (such as LNCaP, LN C4-2,
LNCal C4-2B, VQaP, OWR22Rv1, LAPCA, MDA-PCa-2b, LuCaP 23.1A1, LuCaP 58 LuCaP
70, LuCalk 77) are injacted subcuianesusly into immuncdeficient mice (such as BCHD,
NODSCID, ete). Tumor growth is manitored, and the study is inltlated when fumors show
signs of establishad growth (typically a volume of ~200 mm3). Human lymphocytes (sither
hurnan petipheral blocd mononuctsar calls or purified T-cells) are infscted intravenausty
along with an anti-PEMA bispecific molecule on the day of injection. The anti-BPEMA
bispecific moleculs is injected severat subsequent days. Dose-dependent inhibition of tumor
growih, as assessad by fumor volume, indicates that the respective molesule has efficacy

against PSMA-axpressing tumors in vivo.

02577 Prophviactic reatment, or pravention of umor engraftment of intra-tibial
tumors: Cultured, PSMA-expressing tumor cell lines (such as LNCaP C4-2, LNCaP C4-28,
WCak, G%’VRQQRV’I, LAPCA, MEA-PCa-Zh, Lulal 231, LuCaP 58, LuCaP 70, LulaP 77
are mixed with human ymphoeyies (gither human peripheral blood mononuciear cells or
purified T-celis) and injected intra-tibially info immunodeficient mice (such as SCID,
NOD/SCID, ete). An antl-PSMA bispeciic molecule is injected Intravenously on the day of
injection and on several subsaquent days. Dose-dependent inhibition of twmor growth, as
assessad by serum bicmarkers, radiography, fluorescent imaging, weight loss, and other
proxy measurements of tumor volume, indicates that the respective molecule has efficacy

against PSMA~exprassing tumors in vivo.

a7
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2887 Therapeutic reatment, or regrassion of we‘gﬁmméy satablished intra-tibial
turmors: Cultured, PSMA-expressing turmor cell lines (such as LNCaP C4-2, LNCaP (C4-2B,
VCaP, CWR22Rv1, LAPCY, MDA-PCa-2b, LuCaP 23 141 LuCaP 588, LuCaP 70, LuCaP 77)
are njected intra-tiblally into immunodeficient mics (such gs SCID, NOD/SCID, etc). Tumor
growtl is monitored, and the study is initiated when tumors show signs of established growih
{typically 2 volume of ~200 mm3), Human lymphocyies (either human peripheral blood
monenuclear calls or purified T-cells) are injectad Infravencusly along with an anil-PSMA
bispecific molecule on the day of injection. The anti-PSMA bispecific molacule is Injaciad
several subsequent days. Dose-dependent inhibition of tumor growth, as assessed by serum
biomarkers, radiography, fluotescent imaging, weight loss, and other proxy measurernentis of
wimor volume, indicatas that the respective molacule has efficacy against PSMA expressing

LETIOrS I wive,
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CLAIMS:

1. A prostate-specific membrane antigen (PSMA)-binding polypeptide comprising a
humanized PSMA-binding domain wherein the PSMA binding domain comprises

(iy an immunoglobulin light chain variable region comprising LCDR1, LCDR2, and LCDR3, and
(i} an immunogiobulin heavy chain variable region comprising HCDR1, HCDR2, and HCDR3,
wherein the LCDR1, LCDR2 and LCDRS3 has the amino acid sequences set forth in SEQID
NO:15, 18 and 17, respectively, and the HCDR1, HCDR2, and HCDR3 has the amino acid
sequences set forth in SEQ D NO:9, 10 and 11, respectively.

2. The PSMA-binding polypeptide of claim 1, wherein said PSMA-binding polypeptide
comprises from amino-terminus to carboxyl-terminus
{a) the PSMA binding domain,

(b} a first hinge region, and

(¢} an immunoglobulin constant region.

3. The PSMA-binding polypeptide of claim 1, wherein said PSMA-binding polypeptide
further comprises a second binding domain, wherein the second binding domain
specifically binds a T cell, CD3, CD3¢ or a T cell receptor (TCR) complex or a component

thereof.

4. The PSMA-binding polypeptide of claim 3, wherein the PSMA-binding polypeptide
comprises, in order from amino-terminus to carboxyl-terminus or in order from carboxyl-

ferminus to amino-terminus

(a) the PSMA binding domain,

(b} a first hinge region,

{c} animmunoglobulin constant region,
{d} a second hinge region, and

(e} a second binding domain.

5. The PSMA-binding protein of claim 3 or 4, wherein the second binding domain is amino-~

terminal to the second hinge region.
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6. The PSMA-binding polypeptide of any one of the previous claims, wherein the

immunoglobulin light chain variable region comprises an amino acid sequence that is at least
95% identical to the amino acid sequence set forth in SEQ 1D NO:5 or SEQID NO:23 and the
heavy chain variable region comprises an amino acid sequence that is at least 95% or 100%
ideniical to the amino acid sequence set forth in SEQID NO:2, SEQ 1D NO:25, or SEQID NO:27.

7. The PSMA-binding polypeptide of any one of the previous claims, wherein the PSMA-
binding domain competes for binding to human PSMA with a single chain Fv (scFv) having the
amino acid sequence set forth in SEQ 1D NO:21.

8. The PSMA-binding polypeptide of any one of claims 2-6, wherein the first hinge region is

derived from (i) a stalk region of a type Il C lectin or {ii) an immunogicbulin hinge region.

9. The PSMA-binding polypeptide of any one of claims 4-7, wherein the second hinge region

is derived from {i) a stalk region of a type Il C lectin or (ii) an immunoglobulin hinge region.

10. The PSMA-binding polypeptide of any one of the previous claims, wherein the PSMA-

binding domain is a single chain Fv{scFv).

11. The PSMA-binding polypeptide of claim 10, wherein said scFv comprises an amino acid
sequence that is at least 95% identical {o the amino acid sequence set forth in SEQ ID NO:19,
SEQID NQO:21, SEQID NO:30, SEQID NO:31, SEQ D NO:34, or SEQ D NO:35.

12. The PSMA-binding pelypeptide of any one of the preceding claims, wherein said PSMA-
binding polypeptide comprises an amino acid sequence that is at least 95% identical to the
amino acid sequence set forth in SEQ ID NO:38, SEQID NO:39, SEQID NO:42, SEQ ID NO:43,
SEQ D NO:70, or SEQ ID NO:72.

13. The PSMA-binding polypeptide of any one of claims 3-12, wherein the second binding
domain competes for binding to CD3¢ with a monocional antibody selected from the group
consisting of CRIS-7and HuM291.

14. The PSMA-binding polypeptide of any one of claims 3-13, wherein the second binding
domain comprises an immunoglobulin light chain variable region and an immunoglobulin heavy
chain
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variable region derived from a monocional antibody selected from the group consisting of CRIS-
7 and HuM291.

15. The PSMA-binding polypeptide of claim 14, wherein the light and heavy chain variable
regions of the second binding domain are selected from the group consisting of

(a) alight chain variable region comprising an amino acid sequence that is at least 95% or
100% identical to the amino acid sequence set forth in residues 139-245 of SEQ D NO:47 and a
heavy chain variable region comprising an amino acid sequence that is at least 95% or 100%

identical to the amino acid sequence set forth in residues 1-121 of SEQ ID NO:47: and

(b} alight chain variable region comprising an amino acid sequence that is at least 95% or
100% identical to the amino acid sequence set forth in residues 634-740 of SEQID NO:78 and a
heavy chain variable region comprising an amino acid sequence that is at least 95% or 100%
identical to the amino acid sequence set forth in residues 496-616 of SEQID NO:78.

16. The PSMA-binding polypeptide of claim 1, wherein said PSMA-binding polypeptide
comprises an amino acid sequence that is at least 95% or 100% identical to the amino acid
sequence set forth in SEQ 1D NO:48, SEQID NO:51, SEQID NO:74, SEQ D NO:76, SEQID
NO:78, SEQ ID NO:80, SEQID NO:82, SEQID NO:84, SEQID NO:158, SEQID NO:160, SEQID
NO:162, or SEQID NO:164.

17. A dimeric PSMA-binding protein comprising first and second polypeptide chains, wherein
each of said polypeptide chains is the PSMA-binding polypeptide of any one of the previous

claims.

18. An isolated nucleic acid encoding the PSMA-binding polypeptide of any one of the previous
claims.

19. A recombinant host cell comprising the nucleic acid of claim 18.

20. A composition comprising the PSMA-binding protein of claim 17; and a pharmaceutically

acceptable carrier, diluent, or excipient.

21. An ex vivo method for inducing redirected T-cell cytotoxicity (RTCC) against a cell
expressing prostate-specific membrane antigen (PSMA), the method comprising contacting
said PSMA-expressing cell with the PSMA-binding protein of any one of claims 3-12, wherein

said contacting is under
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conditions whereby RTCC against the PSMA-expressing cell is induced.

22. Use of the dimeric PSMA-binding protein of claim 8 in the manufacture of a medicament for
treating a disorder in a subject characterized by overexpression of prostate-specific membrane
antigen (PSMA), wherein preferably, the disorder is a cancer, a prostate disorder, a neovascular
disorder, a prostate cancer, colorectal cancer, gastric cancer, castrate-resistant prostate cancer,

benign prostatic hyperplasia, solid tumor growth, clear cell renal carcinoma, colorectal cancer,
bladder cancer, or lung cancer.
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