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

SUMMARY GETHE-DIENTION

[008] in one embodiment, the present disciosure provides a prostate-specific membrane
antigen (PSMA)-binding polypeptide comprising, in order from amino-tarminus to carboxyi-
terminus, (a) a PSMA-binding domain that specifically binds human PSMA, {(b) a hinge
region, and (c) an immunoglebulin constant region. in ceriain embodiments, suitable PSMA-
binding domains include binding domains that compete for binding to human PSMA with a
single chain Fv (scFv) having the amino acid sequence set forth in SEQ iIDNO:21. In
certain ermbodiments, the PSMA-binding polypeptide is capable of forming a dimer with a
second, identical polypepfide chain through association between the respective

immunogiobulin constant regions and/or hinge regions.

[668a] In an aspect, there is provided a prostate-specific membrane antigen (PSMA)-binding polypeptide
comprising a humanized PSMA-binding domain wherein the PSMA binding dom;i‘in comprises

(i) an immunoglobulin fight chain variable region comprising LCDR1, LCDRZ, and LCDRS3, and

(i) an immunoglobulin heavy chain variable region comprising HCDR1, HCDRZ, and HCDR3,
wherein the LLCDR1, LCDR2 énd LCDR3 has the amino acid sequences set forth in SEQ D
NO:15, 16 and 17, respectively, and the HCDR1, HCDR2, and HCDRS3 has the amino acid
sequences set forth in SEQID NO:8, 10 and 11, respectively.

[008] I certain embodiments, the PSMA-binding domain comprises (i) an
immunoglobubin light chain variable region comprising CORs LCDR1, LCDR2, and LCDR3,
and/or (ii) an immunoglobulin heavy chain variable region comprising CDRs HCDR1,
HCDBZ, and HCDR3. In certain variations, LCDR3 has the amino acid sequence sat forth in
SEQ 1D NO:17 and/or HCDRS3 has the amino acid sequence set forth in SEQ D NO:11: in
sorme such embediments, LCDR1 and LCDRZ have the amino acid sequences as set forth
in SEQ ID NO:15 and SEQ D NO:18, respectively, and/or HCDR1T and HCDR?2 have the
amino acid sequences as sef forth in SEQ 1D NO:9 and SEQ ID NO:10, respectively. In
another variation, (i} the light chain variable regicn comprises an amino acid sequence that
is at least 80%, at least 5%, at least 39%, or 100% identical to the amino acid sequence set
forth in SEQ 1D NO:5 or SEQ 1D NO:23; and/er (i) the heavy chain variabie region
comprises an amino acid seguence that is at least 90%, at least 95%, at least 99%, or 100%
identical to the amino acid sequence set forth in SEQ ID NO:2, SEQ ID NO:25, or SEQ ID
MO:27. One or both of the light and heavy chain variable regions can be humanized.



[0610] In certain variations, the PSMA-binding domain is a single chain Fv (scFv)
comprising the immunogtobulin light and heavy chain variable regions disclosed herein. In
certain embodiments, PSMA-binding scFvs include, for example, scFvs comprising an amino
acid sequence that is at least 80%, at least 98%, at least 98%, or 100% identical to the
amino acid sequence set forth in SEQ 1D NO:19, SEQ 1D NO:21, SEQ 1D NO:30, SEQ ID
NO:31, SEQ 1D NO:34, or SEQ ID NO:35. in certain embodiments, the heavy chain variable
region of the scFv is carboxyi-terminal to the light chain variable region (aiso referred to




[0024] = : sure-provides In one aspect, there is provided a dimeric
PSMA- bmdmg protein comprising first and second polypeptlde chams wherem each of said polypeptide
chains is-& the PSMA- bmdmg polypeptide as setas indefined herein.

T

60281 in snother embodiment, the present disclosure provides a PSMA-binding
polypeptide comprising, in order from amino-terminus to carboxyl-terminus, (a) a binding
domain that specifically binds human PSMA, (b) a hinge region, (c} an immuneglobulin
constant region, and (d) an immunoglobulin hetercdimerization domain. The
heterodimerization domain can comprise, for exampie, an immunoglobulin CH1 domain or
an immunoegiobulin CL domain. In ceriain embodiments, 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. In certain embodiments, the PSMA-binding domains
include, e.g., the PSMA-binding domains disclosed above.

[0026] in some embodiments, the hinge region is derived from an immunogiobulin hinge
region, such as, for exampis, an immunoglobulin hinge region of IgG1, 1gG2, 1gG3, 1gG4,
IgA1, igA2, or igD. Such an immunoglobulin hinge region can be either a wild-type or an
altered immunoglobuiin hinge region. .In further embodiments, the immunogiobulin constant
region comprises immunoglobulin CH2 and CH3 domains, such as, for example,
immunoglobulin CH2 and CH3 domains of IgG1, 1gG2, 1gG3, 1gG4, IgA1, IgA2, igh, or any
corbination thereof; an immunogiobulin CH3 domain of IgG1, IgG2, 1gG3, 1gG4, IgATl, IgAZ,
IgD, igE, IgM or any combination thereof; or immunogicbulin CH3 and CH4 domains of gk,

gt or a combination thereof.

100271 In certain embodiments, a PSMA-binding polypeptide includes at least one effector
function selected from antibody-dependent celi-mediated cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC). In some such embodiments, the hinge region is
derived from an immunogiobulin hinge region and the immunoglobufin constant region
comprises immunoglobulin CH2 and CH3 domains of IgG1, 1gGZ, 1gG3, or igG4. in more
specific variations, the immunoglobuidin hinge region is derived from the hinge region of 1gG1
and the immunoglobulin constant region comprises immunoglobulin CHZ2 and CH3 domains
of IgGt.

[0028] In certain embodiments, a PSMA-binding polypeptide comprises an amino acid
sequence that is at least 90%, at least 95%, at least 89%, or 100%% identical to the aminc
acid sequence set forth in SEQ ID NO:48, SEQ 1D NO:58, SEQ 1D NO:58, 8EQ 1D NO:60, or
SEQ ID NO:&1.

00251 In another embodiment, the present disclosure provides a PSMA-binding protein

comprising two, non-identical polypeptide chains that associate by way of heterodimerization



acid sequence that is at least 90%, at least 85%, at least 89%, or 100% identical to the
amino acid sequence set forth in SEQ ID NO: 47 or (e) the first polypeptide chain comprises
an amino acid sequence that is at least 90%, at least 95%, at least 89%, or 100% identical to
the amino acid sequence sat forth in SEQ ID NO: 61 and the second polypeptide chain
comprises an amino acid sequence that is at least 80%, at ieast 85%, at least 99%, or 100%

identical to the amino acid sequence set forth in SEQ ID NO; 47,

[0036] In certain embodiments of a dimeric or heterodimeric PSMA-binding protein as
disclosed herein, the PSMA-binding profein exhibits increased serum half-life, reduced
internalization by a call expressing PSMA, and/or increasad time of persistence on the
surface of the cell expressing PSMA as compared to the murine monoclonal antibody 107-
1AL,

[0G37] In ansierembodimentone aspect, ictesure-previdesthere is provided an isolated nucleic acid
encoding athe PSMA-binding polypeptide as defined herein. For example, in certain variations, the nucleic acid

comprises the nucleotide sequence set forth In SEQ ID NO NC:18, SEQ ID NO:20, SEQ ID
NO:Z2, BEQID NGiz4, BEQ 1D NO:26, SEQ 1D NO:28, SEQ 1D NO:28, SEGQ 1D NO:32,
SECHID NO33, SEQID NGBS, SEQ D NOSY, SEQ ID NO 4L, SEQID N 41, SEQ I
NO44, SEQ D NO4B, SEQ D NO:B0, SEQ 1D NOE3, SEQ D! NOSE, SEG ID NOSS,
SEQ D N5, SEQID NGBS, SEQ 1D NOT T, SEQ D NG:T3, SEQ 1D NO:TS, SEQ D
N7, SEQID NOTE, SEQ D N8, SEQ 1D NCHgd, SEQ 1D NOISY, 8EQ I NO1SY,
SEQ ID NO:161, or SEQ ID NC:183.

{0638] In another embodiment, the 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 segment
encoding the PSMA-binding polypeptide, whersin the nucieic acid segment is operabiy
inked to regulatory seguencas suitable for expression of the nucleic acid segment in a host
cell. in some embodiments, the nucleic acid segment comprises the nucleotide sequence
set forth in SEQ 1D NO NO:18, SEQ 1D NO:20, SEQ ID NO:22, SEQ 1D NO.24, SEQ ID
NO:ZG,ISEQ 1D NO:28, SEQ ID NO:2¢, SEQ 1D NO:32, SEQ ID NO:33, SEQ D NG 38,
SEQ D NO:37, SEQ 1D NO:40, SEQ 1D NO41, SEQ D NO44, SEQ ID NO:48, SEQ ID
NC:50, SEQ 1D NO:53, SEQ 1D NO:54, SEQ D NO:SE, SEQ ID NO:86, SEQ ID NO:66,
SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NC:79, SEQ ID
NO:81, SEQ ID NC:83, SEQ 1D NO:157, SEQ D NC:158, SEQ 1D NO: 181, or 3EQ ID
NO:1683. in other embodiments, the expression vector comprises first and second
expression units, wherein the first and second expression units respectively comprise first
and secona nucleic acid segments encoding the first and second poiypeptide chains of a

heteradimeric PSMA-binding protein as in certain embodiments disciosed herein, and
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wherain the first and secend nucleic acid segments are operably linked to regulatory
sequances suitable for expression of the nucieic acid segments in a host cell. In certain
variations, () the first nucleic acid segment comprises the nucleotide seguence sat forihin
SEQ 1D NO:44 and the second nucleic acid ssgment comprisaes the nucleotide seguance set
forth in SEQ 1D NO:45; (b) the first nucleic acid segment comprises the nucleotide sequence
set forth in SEQ 1D NO:5S and the second nucieic acid segment comprises the nucteotide

sequence set forth in BEQ 1D MOD
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[0638a] In one aspect, there is provided a recombinant host cell comprising the nucleic acid as defined
above,

[00387  In anothsr embodimant, the present disclosure provides a recombinant nost

comprising an axpression vactor disclosed herain,

00401 in ancther embodiment, the present disclosure provides a methoed for producing a
PSMA-binding polypartiae or protein. For exampie, in some embodiments, the mathed is Tor
producing a PSMA-binding poiypeptide as disclosed nerain. cartaln ambodimants, ing
mathod gensrally includes culturing a recombinant host cell comprising an exprassion

vactor. wheram the exprassion vector comprisss a nuslsic acid segment that encodes the

s -
PSiviA-binding polypepiice and is operabiy linked o reguiatory sequences sultable Tor
eyprogsion of the nucieic actd aegmené inthe host cell and wharain the cultunng s undsr

conditions wharehby the nucleic acid ssgment is 2xpraessac, thereby producing the PSMAe-

binding polypantice  In cartam vanarons, the nusks

Coackl segment comprises the nucizofids

sauancs sef forth in S0 D MO MO 2200 N0 3EQ D NGE2, B D D2

SOD NG20 a0 i NG2E, B0 D W32, 320 1D

~ Ea) z [P ar S oS R S 1 L S R s lonil - [ ¢
piu O P E‘}w G Dol L N A ihd Tl et 1L AL
STOUIT NOY RS BED | . T AT BTy TS Iy Iy B DIy 1T
SO NOIES, 50 NGO, So D WODo, B0 HD NOBE, Szl D

Bl gin, T o Ty A e T s = CeTT QTS T M T

MOED SEL D NG T BED D NGTE, S0 DN SEQIID NG TT, 3200 NG T8,

SEQIDNOST, SEQID NOES SEG D ND1SY 820 iDNO88, SEQ D NCI18T, or 220
1D N 183 in certain embodimeanis, the method further includes recovering the PSMA-

binding polypepiide.



304147 in some embodiments, the methoad is for producing a dimeric PSMA-binding protein
as disclosed hersin. In cerlain variations, the nucleic acid segment of the exprassion vector

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

128



conditions whersby the nucleic acid segment is expressed and the encoded PSMA-binding
polypeptide is produced as a dimeric PSMA-binding protein. The method can further include
recovering the dimeric PSMA-binding protsin.

[0042] in other smbodiments, the method is for producing a heterodimeric PSMA-binding
protein disciesad herein. In certain embodiments, the method generally inciudes cuituring a
recombinant host cell comprising first and second expréssion units, wherein the first and
second expression units respectively comprise first and second nucieic acid segments
encoding the first and second poiypeptide chains of a hetersdimeric PSMA-binding protein
as set forth hersin, wherein the first and second nucleic acid segments are operably linked 1o
regulatory sequences suitabis for axpression of the nucieic acid segments in & host cell, and
whersin the culturing is under conditions whereby the first and second nucieic acid segments
are expressed and the encoded polypeptide chains are preduced as the heterodimeric
PSMA-binding protein. In some embodiments, the method further includes recovering the
haterodimeric PSMA-binding protein.

[0042a] 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 embediment, the present disclosure provides a composition comprising
any of the PSMA-binding poiypeptides or proteins as sat forth hersin and a pharmacesutically

acceptable carrier, diluent, or excipient.

[0044] I another embodiment, the present disciosurs provides a method for inducing
antibody-dependant cell-mediated cytotoxicity (ADCC) or complement-dependant
cytotoxicity (CDC) against a cell expressing PSMA. For exampieg, in some smbodiments, a
method for inducing ADCC or COC against ine cell expressing PSMA includes contacting
the PSMA-expressing cell with a dimeric PSMA-binding protain comorising first and second
polypeptide chaing, wherein each of the polypsptlids chains is a PSMA-binding polypeptide
as disciosaed nersin, and wherein the carmacting is under conditions whereby ADCC or CDC
against the PSMA-expressing call is inducad. In other embodiments, a method for inducing
ADCC or CDC against the PSMA-expressing cell includes contacting the cell with a
hatercdimarc PSMA-binding protein as in paragraph (0031, wherein the contacting is under

conditions whareby ADCC or CDC against the PSMA-expressing cell (s inducad.

[0044a] In one aspect, there is 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 unfier cogditions whereby RTCC against the PSMA-expressing cell is induced.




[004581  in another ambodiment, the presant disclosure provides a method for inducing
rediracted T-cell cytotoxicity (RTCC) against & cell expressing PSMA. In some variations, g
method for inducing RTCG against the cell exprassing PSMA includes contacting the PSMA-
axpressing cell with a dimeric PSMA-binding protein comprising first and second polypeplide
chains, wharein each of said polypeptide chains is a PSMA-binding polypeptide disclosed
herein, and whearasin the contacting 13 under conditions whareby RTCC against the PSNA-

expressing cslf iz induced. In other embodimenis, 2 method for inducing RTCC against the
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P&MA-expressing cell includes contasting the cell with a heterodimenc PSMA-binding
protein as disclosed herein, wherein the contacting is under conditions whereby RTCC
againsi the PSMA-expressing cell is induced.

[0048] In ancther embodiment, the preserit 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 includes administering to the subject a therapsutically
effective amount of a dimeric PSMA-binding protein disclosed above. in some such
embodiments, the first and secend polypeptide chains of the dimeric PSMA-binding protein
is @ PSMA-binding polypeptide; e.g., as disclosed above, and the dimeric PSMA-binding
protein induces redirected T-cell cytotoxicity (RTCC) in the subject. in ether varigtions, the
method includes administering to the subject a therapeutically effective amount of a
heteradimeric PSMA-binding protein, .g., as disciosed above. In some variations, the
heterodimeric PSMA-binding protein is a protein as disclosed above, and the heterodimeric
PSMA-binding protein induces RTCC in the subject. In certain embodiments of the
disclosed methods, the disorder is a cancer such as, for example, prostate cancer (e.g.,
castrate-resistant prostate cancer), coloractal cancer, gastiric cancer, clear cell renal
carcinoma, bladder cancer, or lung cancer. In some embodiments, the disorder is a prostate
disorder such as, e.g., prostaie cancer or benign prostatic hyperplasia. In other variations,
the disorder is an neovascuiar disorder. The neovascular disorder to be treated can be, for
exampie, a cancer characterized by solid tumor growth such as, e.g., clear cell renal

carcinoma, colorectal cancer, bladder cancer, and iung cancer.

i0046a] 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
vrostate-specific membrane antigen ( PSMA), wherein prererabiy, the disorder 1s a cancer, a prostate
disorder, a neovascular disorder, 2 prostate cancer, colorectal cancer, gastric cancer, castrate-resistant

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

{9047] These and other embodiments and/or other aspects of the inventiondisclosure will become evident
upon reference to the following detailed description of the #sventieadisclosure and the attached drawings
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DESCRIPTION OF THE FIGURES

[0048] Figure 1is a graph illustrating the results of a binding study used to compare the
parant 107-1A4 murine antibody {TSCO045) with TSC085, TSC082 and TSC122 in PSMA(+)
(LNCaP) and PSMA({-) (DU-145) prostate cancer cell lines.

[0049] Figure 2A is a graph illusirating the results of a binding study used to compare
humanized TSC188 and TSC188 in PSMA(+) (C4-2) and PSMA(-) (DL)-145) prostate cancer

cell {ines.

{00501 Figure 2B is a graph illustrating the resulis of a binding study used to compare
binding of humanized SCORPION molecules TSC184 and TSC199 to that of parent
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